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Abstract 

Background Myocardial infarction (MI) is one of the life-threatening coronary-associated pathologies characterized 
by sudden cardiac death. The provision of complete insight into MI complications along with designing a preventive 
program against MI seems necessary.

Methods Various databases (PubMed, Web of Science, ScienceDirect, Scopus, Embase, and Google scholar search 
engine) were hired for comprehensive searching. The keywords of “Prevalence”, “Outbreak”, “Burden”, “Myocardial 
Infarction”, “Myocardial Infarct”, and “Heart Attack” were hired with no time/language restrictions. Collected data 
were imported into the information management software (EndNote v.8x). Also, citations of all relevant articles were 
screened manually. The search was updated on 2022.9.13 prior to the publication.

Results Twenty-two eligible studies with a sample size of 2,982,6717 individuals (< 60 years) were included for data 
analysis. The global prevalence of MI in individuals < 60 years was found 3.8%. Also, following the assessment of 20 
eligible investigations with a sample size of 5,071,185 individuals (> 60 years), this value was detected at 9.5%.

Conclusion Due to the accelerated rate of MI prevalence in older ages, precise attention by patients regarding the 
complications of MI seems critical. Thus, determination of preventive planning along with the application of safe treat-
ment methods is critical.
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Background
Myocardial Infarction (MI) is one of the life-threaten-
ing coronary events with SCD [1] and the most severe 
clinical presentation of coronary artery disease (CAD) 
[2]. This pathology is divided into two categories of 
ST-elevation MI (STE-MI) and non-ST-elevation MI 
(NSTE-MI). Since unstable angina is the imminent 
background for MI, it is also considered an acute coro-
nary syndrome (ACS) status [3].

More than 3 million individuals develop STE-MI 
each year, and more than 4 million people represent 
STE-MI pathology. Although MI is mainly detected in 
developed countries, it is also detected commonly in 
developing countries [4–7]. In a published study with 
19,781 CAD patients, the MI prevalence was found 
23.3% [8]. In recent years, a considerable decreasing 
trend in STE-MI incidence was detected in European 
countries and the United States [9, 10].

MI is the main cause of human death, globally [11]. 
Although the global rate of MI-associated mortality 
was totally decreased, the incidence of heart failure 
(HF) is at a high level [12]. The mortality and morbid-
ity rates are high in MI-related HF [13, 14]. HF induces 
detrimental impacts on the healthcare systems of the 
United States, affecting 6 million individuals, 300,000 
deaths per year, and approximately $40 billion in costs 
[15]. Also, the economic impact of MI is at a high rate. 
In 2010, more than 1.1 million hospitalizations fol-
lowing MI attacks were reported in the United States, 
with an estimated direct cost of $450 billion [16]. Body 
weakness is a common complication in cardiovascular 
diseases and is also a common syndrome among the 
elderly causing weight loss, fatigue, physical manipula-
tion, decreased walking speed, and low body activity 
[17]. Obesity, sedentary lifestyle, hypertriglyceridemia, 
or inflammation markers (such as high-sensitivity 
C-reactive protein [hs-CRP]), are mostly independent 
cardiovascular (CV) risk factors associated with insu-
lin [18]. Various published articles represented a gen-
eral increase in the prevalence of cardiovascular risk 
factors (especially diabetes, cholesterol and obesity, 
and even smoking) [19–22]. In MI patients < 55 years, 
smoking was found a unique cardiovascular risk factor 
in 80% of cases [23].

The present systematic review and meta-analysis 
study seems beneficial for health system policymak-
ers requiring the prevalence of MI patients during 
the allocation of health care resources. We believe 
that elimination of the complications and reduction 
in mortality rate need comprehensive assessment 
approaches.

Methods
In this study, the primary search was conducted on 
June 6, 2022. Databases of PubMed, Web of Science, 
ScienceDirect, Scopus, Embase, and Google scholar 
search engine were hired for definition of searching 
strategy. Also, the main keywords of “Prevalence”, “Out-
break”, “Burden”, “Myocardial Infarction”, “Myocardial 
Infarct”, and “Heart Attack” were used for comprehen-
sive searching with no time and language-associated 
restrictions. Following paper selection, the related cita-
tions were imported to the information management 
software (EndNote v.8x). Finally, in order to secondary 
screening, all citations of the collected articles were 
reviewed manually. The searching was also updated on 
September 13, 2022.

Inclusion and exclusion criteria
All gathered studies reporting the MI prevalence, available 
full texts, and studies with sufficient data (number of sam-
ples, percentage of MI prevalence) were totally included 
in this study. Also, case–control studies, cohort investiga-
tions, case series, case reports, reviews, repetitive papers, 
studies with insufficient data, papers with unavailable full 
texts, and conference studies were excluded.

Study selection
The Endnote software (v. X8) was hired to organize the 
selected studies. Duplicate studies were detected and 
merged together. In primary screening, irrelevant stud-
ies were removed following assessment of the titles and 
abstracts. Then, the full texts of the remaining articles 
were screened according to the inclusion and exclu-
sion criteria. All screening protocols were conducted 
by two independent authors in order to accelerate the 
credibility index and inhibit the potential searching 
bias. Corresponding author was also responsible for 
the management of possible disagreements among the 
researchers. Finally, 33 studies were included for qual-
ity control assessment.

Quality control assessment
For validation and the quality control assessment, an 
observational study-associated checklist (The Strength-
ening the Reporting of Observational Studies in Epide-
miology checklist (STROBE)) was used. This STROBE 
checklist consisted of six assessment scales of Title, 
Abstract, Introduction, Methodology, Results, and 
Discussion with 32 evaluation items including Title, 
Problem Statement, Study Objectives, Type of Study, 
Statistical Population, Sampling Method, Appropri-
ate Sample Size Determination, Variables Definition, 
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and the Procedures, Data Collection Tools, Statisti-
cal Analysis Methods and Findings. The article with 
STROBE scoring ≥ 16 was considered good and moder-
ate (included in the study), and articles < 16 were poor 
quality (excluded from the study).

Data extraction
The eligible data were extracted by two researchers 
based on the previously prepared checklist (containing 
the Author’s name, Year of publication, Research region, 
Sample size, Disease prevalence, and Age).

Data analysis
The heterogeneity of the studies was assessed using  I2 
test. Also, the Egger test was used for publication bias 
assessment. All statistical analysis was applied in Com-
prehensive Meta-Analysis software (Version 2).

Results
Whole eligible data (6462 studies systematically and 
134 investigations manually) regarding the prevalence 
of MI were collected based on the PRISMA guideline 
and categorized into two groups of individuals < 60 
and ≥ 60  years. All the papers were imported into the 
information management software (EndNote v.X8). 
Among the total number of 6596 studies, 4566 duplicate 
investigations were detected and merged together. Dur-
ing the primary screening, the Title and Abstract of the 
remaining studies were assessed. Subsequently, 1879 
investigations were excluded due to the irrelevant con-
tents. Following the secondary screening, the full texts of 
the papers were assessed (118 studies were also excluded 
in this stage). Eligible collected papers were assessed 
based on the STROBE checklist, and the studies with 
poor-quality methodology were removed from the inves-
tigation. Finally, 32 high-quality papers were included 
for systematic review and meta-analysis study (Table  1) 
(Fig. 1).

Data analysis of 20 eligible studies with a sample size 
of 5.071.185 individuals > 60 years was conducted, and I2 
index represented a high heterogeneity rate (I2 = 99.7%). 
Meta-analysis assessment revealed that the global prev-
alence of MI in individuals > 60  years was 9.5% (95%CI: 
7.7–11.6) (Fig.  2). Also, no publication bias (p = 0.113) 
was found in this age group (Fig. 3). Following data analy-
sis of 22 eligible studies with a sample size of 29.826.717 
individuals < 60 years, the I2 index showed a high hetero-
geneity rate (I2 = 99.9). The global MI prevalence in this 
age group was found 3.8% (95%CI:2.7–5.3) (Fig. 4). Also, 
no publication bias (p = 0.064) was detected (Fig. 5).

Discussion
This systematic review and meta-analysis study in the 
first investigation examine the global prevalence of MI in 
two groups of individuals < 60 and > 60 years. The global 
prevalence of MI < 60 years was detected 3.8% according 
to 22 studies with a sample size of 29.826.717 individuals. 
This value was also found 9.5% in the remaining 20 stud-
ies with a sample size of 5.071.185 patients > 60 years.

Following gender categorization, the prevalence of 
MI in males was found almost 5 folds greater than the 
females [44]. In a large number of other published stud-
ies, a high prevalence of MI was reported in males (> 60%) 
compared to females [56–79]. On the contrary, other lit-
erature reported higher MI prevalence in females, prob-
ably due to the sedentary lifestyle, metabolic syndrome, 
and similar risk factors [80].

Based on the geographical distribution, there were dif-
ferent results representing the MI prevalence including 
10.4%, 0.1%, 0.2%, and 2.5% in Sudan, Senegal, Nigeria, 
and Kenya, respectively. These geographical differences 
in MI prevalence were probably associated with lifestyle, 
disease prevention plans, and the level of availability of 
medical diagnosis resources [81–84].

Extracted data from a large, diverse, community-based 
population represented a considerable decrease in MI 
prevalence (after 2000) and incidence of ST-segment 
elevation (in recent decades) [2]. Although the statistical 
analysis of CAD prevalence and the related mortality rate 
showed a decremental trend, the statistics of published 
literature (before 2002) had no report [85–92].

Various studies conducted in the United States (after 
2000) revealed a considerable decremental trend in the 
incidence of AMI and the rate of hospitalization [2, 93]. 
The rate of AMI incidence also decreased in Sweden 
between 2001 to 2008 which was higher in males [94]. A 
similar trend conducted in the Netherlands from 1998 
to 2007 also reported the same results [95]. Respec-
tively, 33% and 31% reduction of AMI rates in males and 
females were reported in England (2002 to 2010) [96]. 
Another study showed a steady decline in AMI and mor-
tality rates in most regions of Europe [10]. This study was 
consistent with the findings of the present investigation 
reporting that a reduction in MI prevalence was probably 
associated with innovation of preventive medical proto-
cols and a parallel improvement in risk factors manage-
ment [95, 97–99].

The prevalence of angina and MI decreased consid-
erably over the 12-year period. The reduction in the 
prevalence of cardiovascular diseases (CVD), includ-
ing angina and MI, may result from application of pre-
ventive medical procedures and management of risk 
factors [45]. On the contrary, a high prevalence of undi-
agnosed MI (26.9%) was also reported. Consequently, 
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Table 1 Studies obtained and information extracted from them

Authors Region Year Sample size Number of patients Prevalence Age Instruments

Chow, C. M and et al. [24] Canada 2005 3,318,117
4,118,589
4,746,631
5,077,402
3,637,171
2,396,167
1,744,169
749,088

975
2477
8216
36,183
99,768
131,361
172,095
85,474

0.0
0.1
0.2
0.7
2.7
5.5
9.9
11.4

12–19
20–29
30–39
40–49
50–59
60–69
70–79
80 ≤ 

Self-reported data

Assante, R and et al. [25] Italy 2015 2420 758 31.3 36–14 Between January 2009 and Decem-
ber 2013, 2420 consecutive subjects 
(258 inmates and 2162 non-
inmates) with suspected or known 
coronary artery disease underwent 
stress myocardial perfusion single-
photon emission computed tomog-
raphy (MPS) to our institution

Carrillo, X and et al. [26] Spain 2011 479 58 12.1 49–38 questionnaire about cocaine use 
and frequency of use as well as 
a urine test for cocaine within 
48–72 h of admission

Bosch, X and et al. [27] Spain 2010 402
370
467

5
19
34

1.2
5.1
7.2

34–25
44–35
54–45

standard questionnaire

Bulow, B and et al. [28] Sweden 2000 33 1 3.03 46–6 hypopituitary patients

Chung, E. H and et al. [29] USA 2007 161 119 73.9 45–18 using data retrieved from the 
National Cardiovascular Data Regis-
try at Lahey Clinic, who underwent 
cardiac catheterization for AMI from 
June 2001 to December 2004

Domingos, F and et al. [30] Portugal 2011 23,349 443 1.9 45–18 The sample used in the fourth 
NHS was randomly selected from a 
mother sample used by the NIS for 
studies with families among resi-
dents in private households from a 
representative sample of house-
holds from the mainland and the 
autonomous regions of Azores and 
Madeira, using a system of stratifica-
tion and systematic selection

Gikas, A and et al. [31] Greece 2008 0
600
527
787
258
199

0
9
20
70
109
38

0
1.5
3.8
8.9
23.8
19.1

34–20
44–35
54–45
64–55
74–65
75 ≤ 

Self-reported data

Gisondi, P and et et al. [32] Italy 2011 482 174 36.09 55–52 using a structured questionnaire

Ingelfinger, J. A and et al. [33] Indian 1976 120 14 11.6 60–40 Twelve-lead electrocardiograms 
(ECG) were obtained in the post-
prandial state from 351 male and 
350 female Pima Indians

Khan, H and et al. [34] Texas 2022 1409 93 6.6 64 < Hospital patient data for those with 
and without a history of MI were 
obtained from the Project FRONTIER 
database for rural West Texas coun-
ties

Kitamura, A and et al. [35] Japan 2002 17,404 114 0.65 59–40 The surveyed population included 
all male employees aged 40 to 
59 years who worked for eight 
industrial companies in Osaka, the 
second largest metropolitan city in 
Japan
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Table 1 (continued)

Authors Region Year Sample size Number of patients Prevalence Age Instruments

Lampe, F. C and et al. [36] UK 2001 3718
5617
5714
3655
1637
22,179

15
33
33
26
11
132

0.4
0.5
0.5
0.7
0.6
0.5

44–40
49–45
54–50
59–55
64–60
69–65

The prevalences of current angina 
symptoms and history of diagnosed 
CHD were ascertained by question-
naire in 1978–80, 1983–85, 1992, 
and 1996

Lautsch, D and et al. [37] USA 2019 39,100
48,927

3501
6152

9
12.6

74–65
75 ≤ 

We included de-identified adult 
patients with T2DM with at least 
one encounter in the CPRD data-
base between 1 January 2018 and 
31 December 2018 in the analysis 
and extracted the full health records 
of these patients

McCullough, Peter A and et al. [38] USA 2008 301
2857
5324
8837
8740
3185

1
20
58
179
211
99

0.4
0.8
1.3
2.4
3.2
4.9

19–18
29–20
39–30
49–40
59–50
64–60

Community volunteers completed 
surveys regarding past medical 
events and underwent blood pres-
sure and laboratory testing

Okoth, K and et al. [39] UK 2017 1,475,676 2440 0.16 50–16 A series of annual (1998–2017) 
cohort and cross-sectional studies 
were conducted to estimate inci-
dence rates and prevalence in men 
and women aged 16–50

Otaki, Y and et al. [40] USA 2013 1981 42 2.1 58–40 Coronary CT Angiography 
Evaluation for Clinical Outcomes: An 
International Multicenter Registry 
(CONFIRM) is an international, 
multicenter, observational registry 
of 27,125 consecutive patients who 
underwent ≥ 64–detector row CCTA 
for suspected CAD at 12 centers 
from 2003 to 2009

Sato, K and et al. [41] Japan 2020 3485
2601
510

537
266
223

15.4
10.2
43.7

79–70
89–80
90 ≤ 

The Miyagi AMI Registry is a 
prospective, multicenter, and obser-
vational study

Shaper, A. G and et al. [42] British 1984 1838
1898
1974
2025

31
62
102
133

1.7
3.3
5.2
6.6

44–40
49–45
54–50
59–55

The prevalence of ischaemic heart 
disease was determined by an 
administered questionnaire and 
electrocardiography in 7735 men 
aged 40–59 years drawn at random 
from general practices in 24 British 
towns

Zeller, T and et al. [43] Germany 2014 15,340 1980 12.9 58–39 High-sensitivity assayed troponin I 
was measured in the Scottish Heart 
Health Extended Cohort (n = 15 
340) with 2171 cardiovascular 
events (including acute coronary 
heart disease and probable ischae-
mic strokes), 714 coronary deaths 
(25% of all deaths), 1980 myocardial 
infarctions, and 797 strokes of all 
kinds during an average of 20 years 
follow-up

Zeidan, R. K and et al. [44] Lebanon 2016 506
351
234
270

15
26
16
25

2.9
7.3
7
9.2

50–40
60–50
70–60
70 ≤ 

We carried out a cross-sectional 
study using a multistage cluster 
sample across Lebanon. We inter-
viewed residents aged 40 years and 
older using a questionnaire that 
captured the presence of CHDs and 
their risk factors (RFs)
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Table 1 (continued)

Authors Region Year Sample size Number of patients Prevalence Age Instruments

Yoon, S. S and et al. [45] Maryland 2012 3598 76
317

2.1
8.8

40–59
60 ≤ 

A total of 21,472 adults 
aged ≥ 40 years from the 2001–
2012 National Health and Nutrition 
Examination Survey were included 
in the analysis. The analysis was 
conducted in 2015

Valentine, R. J and et al. [46] America 1994 59 17 28.8 46–36 We studied the peripheral and 
coronary arterial circulations of 59 
consecutive
male military veterans diagnosed 
with premature peripheral vascular 
disease (age of onset
:::;45 years) affecting the lower 
extremity

Schelbert, E. B and et al. [47] ICELAND 2012 936 248 26.4 81–72 From a community-dwelling cohort 
of older individuals in Iceland, data 
for 936 participants aged 67 to 
93 years were analyzed, including 
670 who were randomly selected 
and 266 with diabetes

Kumar, A and et al. [48] USA 2008 3224 368 11.4 78–66 Cardiovascular Health Study 
participants free of both clinical car-
diovascular disease and major ECG 
abnormalities were included

Bahrmann, P and et al. [49] Germany 2013 302 38 12.5 86–74 An emergency department (ED) of a 
city hospital covering a population 
of approximately
1 million in Germany
Participants: A total of 332 con-
secutive unselected patients were 
recruited

Bethel, M. A and e et al. [50] U.K 2017 2004 823 41.1 75 ≤ was a randomized, double-blind, 
placebo-controlled trial

Cauley, J. A and et al. [51] USA 2016 5876 820 13.9 83–67 we performed a prospective study 
of 5994 men, primarily white, age 
65 + years recruited at six US clinical 
centers

de la Torre Hernandez, J. M and 
et al. [52]

Spain 2017 3576 385 10.7 85–76 A 31-center registry of consecutive 
patients older than 75 years treated 
with primary angioplasty. Clinical 
and procedural data were collected, 
and the patients underwent clinical 
follow-up

Golledge, J and et al. [53] Australia 2014 11,742 1711 14.5 76–67 A risk factor questionnaire which 
contained a question about salt 
intake was included as part of a 
population screening study for AAA 
in 11,742 older men. AAA presence 
was assessed by abdominal ultra-
sound imaging using a reproducible 
protocol

Ikeda, Y and et al. [54] Japan 2014 14,464 74 0.5 76–67 The Japanese Primary Prevention 
Project (JPPP) was a multicenter, 
open-label, randomized, parallel-
group trial. Patients (N = 14 464) 
were aged 60 to 85 years, present-
ing with hypertension, dyslipidemia, 
or diabetes mellitus recruited by pri-
mary care physicians at 1007 clinics 
in Japan between March 2005 and 
June 2007, and were followed up for 
up to 6.5 years, with last follow-up 
in May 2012
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more participants (17%) had un-diagnosed MI, and 
others (9.6%) represented diagnosed MI [47]. In 
another study, the incidence of definitive MI diagnosis 
in hospitalized patients was 272/100,000 individuals 
(aged 30–74) [87].

The high rate and increased severity of CAD in 
patients with a family background were directly related 
to the risk of MI in younger ages and both genders [40]. 
The scientists also found that cocaine addicts are 7 times 
more at risk of heart attack [100]. Notably, an increased 

rate of MI incidence was detected in people < 55  years 
during 1997–2005 [101]. In parallel, various stud-
ies reported an annual increase (4%) in the incidence 
of AMI among women aged 35 to 54  years in Western 
Australia (from 1996 to 2007) and an increase among 
women aged 20 to 49 years (from 1994 to 2004). In these 
studies, the accelerated prevalence of smoking (espe-
cially among young females), obesity, and the lack of 
physical activity have been reported in adolescents and 
young adults [102–108].

Table 1 (continued)

Authors Region Year Sample size Number of patients Prevalence Age Instruments

Teo, K. K and et al. [55] Canada 2009 904 326 37 65 ≤ We conducted a pre-specified 
analysis of outcomes in stable 
CAD patients stratified by age and 
randomized to
PCI OMT or OMT alone in the COUR-
AGE (Clinical Outcomes Utilizing 
Revascularization and Aggressive 
druG
Evaluation) trial

Fig. 1 Reviewing, screening and extracting articles based on PRISMA process
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In this study, a higher prevalence was reported in 
people over the age of 60. In the results reported in 
the global epidemiology study of ischemic heart dis-
ease, which was based on the results of the global 
burden of disease study, it was reported that ischemic 
heart disease has a high upward trend with It shows 
increasing age and the growing trend continues until 
the age of 89 [109].

Limitations
Since the age range explained in published studies had no 
similarity to the age groups in the present study, some eli-
gible papers were excluded. Although, almost half of the 
studies were conducted in specific subpopulations (such 
as other heart disease and diabetic patients admitted to 
the emergency department); difficult conclusions regard-
ing the MI prevalence in general population were possible.

Fig. 2 Forest plot representing the global prevalence of myocardial infarction in age group > 60 years based on the random effects model

Fig. 3 Funnel plot representing the distribution bias of eligible collected studies
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Conclusion
According to the findings of the present study, the preva-
lence of MI in people < 60 and > 60  years old were 3.8% 
and 9.5%, respectively. Therefore, based on the results of 
the studies that have been reviewed and included in the 

meta-analysis, the high prevalence of MI was reported 
to be higher in individuals > 60 years which is considered 
a warning for health policymakers regarding the impor-
tance of this age for diagnosis and screening procedures 
of MI.

Fig. 4 Forest plot representing the global prevalence of myocardial infarction in the age group < 60 years (random effect model)

Fig. 5 Funnel plot representing publication bias in eligible collected studies



Page 10 of 12Salari et al. BMC Cardiovascular Disorders          (2023) 23:206 

Abbreviations
WoS  Web of Science
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis
STROBE  Strengthening the reporting of observational studies in epidemi-

ology for cross-sectional study
MI  Myocardial infarction

Acknowledgements
By Student Research Committee of Kermanshah University of Medical 
Sciences.

Authors’ contributions
NS and FM contributed to the design, MM statistical analysis, participated in most 
of the study steps. MM and AA and SR and LAH and AAK and SHSH prepared the 
manuscript. All authors have read and approved the content of the manuscript.

Funding
Not applicable.

Availability of data and materials
Datasets are available through the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 November 2022   Accepted: 8 April 2023

References
 1. Hahla MS, Saeed Y, Razieh H. Comparison of risk factors & clinical and 

angiographic characterization of STEMI in young adults with older 
patients. Res J Pharm Biol Chem Sci. 2016;7(6):2013–6.

 2. Yeh RW, et al. Population trends in the incidence and outcomes of 
acute myocardial infarction. N Engl J Med. 2010;362(23):2155–65.

 3. Thygesen K, et al. Universal definition of myocardial infarction. J Am Coll 
Cardiol. 2007;50(22):2173–95.

 4. Fox KAA, et al. Decline in rates of death and heart failure in acute coro-
nary syndromes, 1999–2006. J Am Med Assoc. 2007;297(17):1892–900.

 5. Goldberg RJ, et al. Twenty-two year (1975 to 1997) trends in the inci-
dence, in-hospital and long-term case fatality rates from initial Q-wave. 
J Am Coll Cardiol. 2001;37(6):1571.

 6. Mandelzweig L, et al. The second Euro Heart Survey on acute coronary 
syndromes: characteristics, treatment, and outcome of patients with 
ACS in Europe and the Mediterranean Basin in 2004. Eur Heart J. 
2006;27(19):2285–93.

 7. Liew R, et al. Declining case fatality rates for acute myocardial infarction in South 
Asian and white patients in the past 15 years. Heart. 2006;92(8):1030–4.

 8. Dyrbuś K, et al. The prevalence and management of familial hypercho-
lesterolemia in patients with acute coronary syndrome in the Polish 
tertiary centre: results from the TERCET registry with 19,781 individuals. 
Atherosclerosis. 2019;288:33–41.

 9. Gerber Y, et al. The changing epidemiology of myocardial infarction in 
Olmsted County, Minnesota, 1995–2012. Am J Med. 2015;128(2):144–51.

 10. Dégano IR, et al. Twenty-five-year trends in myocardial infarction attack 
and mortality rates, and case-fatality, in six European populations. 
Heart. 2015;101(17):1413–21.

 11. Moraes-Silva IC, Rodrigues B, Coelho-Junior HJ, Jardim Feriani D, 
Irigoyen MC. Myocardial Infarction and Exercise Training: Evidence from 
Basic Science. Adv Exp Med Biol. 2017;999:139–53.

 12. Velagaleti RS, et al. Long-term trends in the incidence of heart failure 
after myocardial infarction. Circulation. 2008;118(20):2057–62.

 13. Juilliere Y, et al. Heart failure in acute myocardial infarction: a compari-
son between patients with or without heart failure criteria from the 
FAST-MI registry. Revista Española de Cardiología (English Edition). 
2012;65(4):326–33.

 14. Lewis EF, et al. Predictors of late development of heart failure in stable 
survivors of myocardial infarction: the CARE study. J Am Coll Cardiol. 
2003;42(8):1446–53.

 15. Members WG, et al. Heart disease and stroke statistics—2012 
update: a report from the American Heart Association. Circulation. 
2012;125(1):e2–220.

 16. Weintraub WS, et al. Value of primordial and primary prevention for 
cardiovascular disease: a policy statement from the American Heart 
Association. Circulation. 2011;124(8):967–90.

 17. Fried LP, et al. Frailty in older adults: evidence for a phenotype. J Geron-
tol A Biol Sci Med Sci. 2001;56(3):M146–57.

 18. Zarich S, et al. Prevalence of metabolic syndrome in young patients 
with acute MI: does the Framingham risk score underestimate cardio-
vascular risk in this population? Diab Vasc Dis Res. 2006;3(2):103–7.

 19. Puymirat E, et al. Association of changes in clinical characteristics and 
management with improvement in survival among patients with ST-
elevation myocardial infarction. JAMA. 2012;308(10):998–1006.

 20. Chockalingam A, Campbell NR, Fodor JG. Worldwide epidemic of 
hypertension. Can J Cardiol. 2006;22(7):553–5.

 21. Chung Chooi Y, Ding C, Magkos F. The epidemiology of obesity. 
Metabolism. 2019; 92:6–10.

 22. Vähätalo JH, Huikuri HV, Holmström LTA, Kenttä TV, Haukilahti MAE, 
Pakanen L. Association of Silent Myocardial Infarction and Sudden 
Cardiac Death. JAMA Cardiol. 2019 1;4(8):796–802.

 23. Marques-Vidal P, et al. Distribution and treatment of cardiovascular risk 
factors in coronary patients: the Prevenir Study. Arch Mal Coeur Vaiss. 
2001;94(7):673–80.

 24. Chow CM, et al. Regional variation in self-reported heart disease preva-
lence in Canada. Can J Cardiol. 2005;21(14):1265–71.

 25. Assante R, et al. Prevalence and severity of myocardial perfusion imag-
ing abnormalities in inmate subjects. PLoS One. 2015;10(7):e0133360.

 26. Carrillo X, et al. Acute coronary syndrome and cocaine use: 8-year 
prevalence and inhospital outcomes. Eur Heart J. 2011;32(10):1244–50.

 27. Bosch X, et al. Prevalence, clinical characteristics and risk of myocardial 
infarction in patients with cocaine-related chest pain. Rev Esp Cardiol. 
2010;63(9):1028–34.

 28. Bulow B, et al. Hypopituitary females have a high incidence of cardio-
vascular morbidity and an increased prevalence of cardiovascular risk 
factors. J Clin Endocrinol Metab. 2000;85(2):574–84.

 29. Chung EH, et al. Prevalence of metabolic syndrome in patients < or 
=45 years of age with acute myocardial infarction having percutaneous 
coronary intervention. Am J Cardiol. 2007;100(7):1052–5.

 30. Domingos F, Serra A. Nephrolithiasis is associated with an increased 
prevalence of cardiovascular disease. Nephrol Dial Transplant. 
2011;26(3):864–8.

 31. Gikas A, et al. Prevalence trends for myocardial infarction and 
conventional risk factors among Greek adults (2002–06). QJM. 
2008;101(9):705–12.

 32. Gisondi P, DalleVedove C, Girolomoni G. Patients with psoriasis have 
a higher prevalence of parental cardiovascular disease. Dermatology. 
2011;222(4):330–5.

 33. Ingelfinger JA, et al. Coronary heart disease in the Pima Indians. 
Electrocardiographic findings and postmortem evidence of myocardial 
infarction in a population with a high prevalence of diabetes mellitus. 
Diabetes. 1976;25(7):561–5.

 34. Khan H, et al. Gender differences in prevalence of myocar-
dial infarction in rural West Texans. J Public Health-Heidelberg. 
2022;30(2+++++):385–97.

 35. Kitamura A, et al. Trends in the incidence of coronary heart disease 
and stroke and the prevalence of cardiovascular risk factors among 
Japanese men from 1963 to 1994. Am J Med. 2002;112(2):104–9.



Page 11 of 12Salari et al. BMC Cardiovascular Disorders          (2023) 23:206  

 36. Lampe FC, et al. Is the prevalence of coronary heart disease falling in 
British men? Heart. 2001;86(5):499–505.

 37. Lautsch D, et al. Prevalence of established cardiovascular disease in 
patients with type 2 diabetes mellitus in the UK. Diabetes Therapy. 
2019;10(6):2131–7.

 38. McCullough PA, et al. Chronic kidney disease, prevalence of premature 
cardiovascular disease, and relationship to short-term mortality. Am 
Heart J. 2008;156(2):277–83.

 39. Okoth K, et al. Sex-specific temporal trends in the incidence and 
prevalence of cardiovascular disease in young adults: a popula-
tion-based study using UK primary care data. Eur J Prev Cardiol. 
2022;29(10):1387–95.

 40. Otaki Y, et al. Impact of family history of coronary artery disease 
in young individuals (from the CONFIRM registry). Am J Cardiol. 
2013;111(8):1081–6.

 41. Sato K, et al. Temporal trends in the prevalence and outcomes of geriat-
ric patients with acute myocardial infarction in Japan–a report from the 
Miyagi AMI Registry Study–. J Cardiol. 2020;75(5):465–72.

 42. Shaper AG, et al. Prevalence of ischaemic heart disease in middle aged 
British men. Br Heart J. 1984;51(6):595–605.

 43. Zeller T, et al. High population prevalence of cardiac troponin I measured 
by a high-sensitivity assay and cardiovascular risk estimation: the MOR-
GAM Biomarker Project Scottish Cohort. Eur Heart J. 2014;35(5):271–81.

 44. Zeidan RK, et al. Prevalence and correlates of coronary heart disease: 
first population-based study in Lebanon. Vasc Health Risk Manag. 
2016;12:75–84.

 45. Yoon SSS, et al. Trends in the prevalence of coronary heart disease in 
the US: National Health and Nutrition Examination Survey, 2001–2012. 
Am J Prev Med. 2016;51(4):437–45.

 46. Valentine RJ, et al. Coronary artery disease is highly prevalent among 
patients with premature peripheral vascular disease. J Vasc Surg. 
1994;19(4):668–74.

 47. Schelbert EB, et al. Prevalence and prognosis of unrecognized myo-
cardial infarction determined by cardiac magnetic resonance in older 
adults. JAMA. 2012;308(9):890–7.

 48. Kumar A, et al. Prevalence, prognosis, and implications of isolated minor 
nonspecific ST-segment and T-wave abnormalities in older adults 
cardiovascular health study. Circulation. 2008;118(25):2790–6.

 49. Bahrmann P, et al. A 3-hour diagnostic algorithm for non-ST-elevation 
myocardial infarction using high-sensitivity cardiac troponin T in unse-
lected older patients presenting to the emergency department. J Am 
Med Dir Assoc. 2013;14(6):409–16.

 50. Bethel MA, et al. Assessing the safety of sitagliptin in older partici-
pants in the Trial Evaluating Cardiovascular Outcomes with Sitagliptin 
(TECOS). Diabetes Care. 2017;40(4):494–501.

 51. Cauley JA, et al. Risk factors for hip fracture in older men: the osteoporo-
tic fractures in men study (MrOS). J Bone Miner Res. 2016;31(10):1810–9.

 52. de la Torre Hernández JM, et al. Primary angioplasty in patients older 
than 75 years profile of patients and procedures, outcomes, and predic-
tors of prognosis in the ESTROFA IM+75 registry. Rev Esp Cardiol (Engl 
Ed). 2017;70(2):81–7.

 53. Golledge J, et al. Reported high salt intake is associated with increased 
prevalence of abdominal aortic aneurysm and larger aortic diameter in 
older men. PLoS One. 2014;9(7):e102578.

 54. Ikeda Y, et al. Low-dose aspirin for primary prevention of cardiovascular 
events in Japanese patients 60 years or older with atherosclerotic risk 
factors: a randomized clinical trial. JAMA. 2014;312(23):2510–20.

 55. Teo KK, et al. Optimal medical therapy with or without percutaneous 
coronary intervention in older patients with stable coronary disease: a 
pre-specified subset analysis of the COURAGE (Clinical Outcomes Utiliz-
ing Revascularization and Aggressive druG Evaluation) trial. J Am Coll 
Cardiol. 2009;54(14):1303–8.

 56. Dixon WC, et al. Anatomic distribution of the culprit lesion in patients 
with non–ST-segment elevation myocardial infarction undergoing 
percutaneous coronary intervention: findings from the National Cardio-
vascular Data Registry. J Am Coll Cardiol. 2008;52(16):1347–8.

 57. Kim MC, et al. Impact of total occlusion of an infarct-related artery on 
long-term mortality in acute non-ST-elevation myocardial infarction 

patients who underwent early percutaneous coronary intervention. 
Int Heart J. 2012;53(3):160–4.

 58. Shin DI, et al. Impact of occluded culprit arteries on long-t erm clini-
cal outcome in patients with non-ST-elevation myocardial infarction: 
48-month follow-u p results in the COREA-AMI registry. J Interv 
Cardiol. 2014;27(1):12–20.

 59. Jung DH, et al. Predictors of total occlusion of the infarct-related 
artery in patients with acute non-ST elevation myocardial infarction. 
Korean J Med. 2008;74(3):271–80.

 60. Pride YB, et al. Angiographic and clinical outcomes among patients 
with acute coronary syndromes presenting with isolated anterior 
ST-segment depression: a TRITON–TIMI 38 (trial to assess improve-
ment in therapeutic outcomes by optimizing platelet inhibition with 
Prasugrel–thrombolysis In myocardial infarction 38) substudy. JACC 
Cardiovasc Interv. 2010;3(8):806–11.

 61. Bahrmann P, et al. Incidence and distribution of occluded culprit 
arteries and impact of coronary collaterals on outcome in patients 
with non-ST-segment elevation myocardial infarction and early 
invasive treatment strategy. Clin Res Cardiol. 2011;100(5):457–67.

 62. Warren J, et al. Incidence and impact of totally occluded culprit coro-
nary arteries in patients presenting with non–ST-segment elevation 
myocardial infarction. Am J Cardiol. 2015;115(4):428–33.

 63. Yazici M, Demircan S, Durna K. Association between nitric oxide 
levels on myocardial injury in non-ST elevation acute coronary syn-
dromes. J Thromb Thrombolysis. 2007;24(2):145–51.

 64. Abbott JD, et al. Comparison of outcome in patients with ST-
elevation versus non–ST-elevation acute myocardial infarction 
treated with percutaneous coronary intervention (from The National 
Heart, Lung, and Blood Institute Dynamic Registry). Am J Cardiol. 
2007;100(2):190–5.

 65. Karwowski J, et al. Post-procedural TIMI flow grade 2 is not associated 
with improved prognosis in patients with non-ST-segment elevation 
myocardial infarction undergoing percutaneous coronary revascu-
larization (PL-ACS registry). Cardiol J. 2016;23(4):402–10.

 66. Soon K, et al. Non-ST elevation myocardial infarction with 
occluded artery and its clinical implications. Heart Lung Circ. 
2014;23(12):1132–40.

 67. Aijaz S, Hanif B. Frequency and distribution of angiographically 
occluded coronary artery and in-hospital outcome of patients 
with Non ST elevation myocardial infarction. J Pak Med Assoc. 
2016;66(5):504–8.

 68. Daly M, et al. Detection of acute coronary occlusion in patients with 
acute coronary syndromes presenting with isolated ST-segment 
depression. Eur Heart J Acute Cardiovasc Care. 2012;1(2):128–35.

 69. Wong GC, et al. Elevations in troponin T and I are associated with 
abnormal tissue level perfusion: a TACTICS-TIMI 18 substudy. Circula-
tion. 2002;106(2):202–7.

 70. Koyama Y, et al. Prevalence of coronary occlusion and outcome 
of an immediate invasive strategy in suspected acute myocardial 
infarction with and without ST-segment elevation. Am J Cardiol. 
2002;90(6):579–84.

 71. Bolognese L, et al. Elevations in troponin I after percutaneous coronary 
interventions are associated with abnormal tissue-level perfusion in 
high-risk patients with non–ST-segment–elevation acute coronary 
syndromes. Circulation. 2004;110(12):1592–7.

 72. Abbas AE, et al. Acute angiographic analysis of non–ST-segment eleva-
tion acute myocardial infarction. Am J Cardiol. 2004;94(7):907–9.

 73. Mazurek M, et al. The impact of unsuccessful percutaneous coronary 
intervention on short-and long-term prognosis in STEMI and NSTEMI. 
Catheter Cardiovasc Interv. 2011;78(4):514–22.

 74. Widimsky P, et al. Primary angioplasty in acute myocardial infarction 
with right bundle branch block: should new onset right bundle branch 
block be added to future guidelines as an indication for reperfusion 
therapy? Eur Heart J. 2012;33(1):86–95.

 75. Park H-W, et al. Early-and late-term clinical outcome and their predic-
tors in patients with ST-segment elevation myocardial infarction 
and non-ST-segment elevation myocardial infarction. Int J Cardiol. 
2013;169(4):254–61.



Page 12 of 12Salari et al. BMC Cardiovascular Disorders          (2023) 23:206 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 76. Zhang D, et al. The effects of tirofiban on acute non-ST segment 
elevation myocardial infarction patients not receiving early reperfusion 
intervention. Zhonghua Nei Ke Za Zhi. 2014;53(3):193–7.

 77. Guerra E, et al. Microvascular obstruction in patients with non-ST-
elevation myocardial infarction: a contrast-enhanced cardiac magnetic 
resonance study. Int J Cardiovasc Imaging. 2014;30(6):1087–95.

 78. Liu N, et al. Clinical research of treatment with tirofiban for high-
risk non-ST-segment elevation acute coronary syndrome during 
peri-operative intervention operation period. Cell Biochem Biophys. 
2015;71(1):43–7.

 79. Misumida N, et al. Association between preinfarction angina and angio-
graphic findings in non–ST-segment elevation myocardial infarction. 
Clin Cardiol. 2015;38(9):535–41.

 80. Kastrati A, et al. Abciximab and heparin versus bivalirudin for non–ST-
elevation myocardial infarction. N Engl J Med. 2011;365(21):1980–9.

 81. Seck M, et al. Profile of patients admitted for myocardial infarction at 
the emergency reception facility of Principal Hospital in Dakar, Senegal. 
Med Trop. 2007;67(6):569–72.

 82. Kolo PM, et al. Changing trend in the incidence of myocardial infarc-
tion among medical admissions in Ilorin, north-central Nigeria. Niger 
Postgrad Med J. 2013;20(1):5.

 83. Sani M, et al. Ischaemic heart disease in Aminu Kano teaching hospital, 
Kano, Nigeria: a 5 year review. Niger J Med. 2006;15(2):128–31.

 84. Nguchu H, Joshi M, Otieno C. Acute coronary syndromes amongst type 
2 diabetics with ischaemic electrocardiograms presenting to accident 
and emergency department of a Kenyan tertiary institution. East Afr 
Med J. 2009;86(10):463–8.

 85. Sytkowski PA, et al. Sex and time trends in cardiovascular disease 
incidence and mortality: the Framingham Heart Study, 1950–1989. Am 
J Epidemiol. 1996;143(4):338–50.

 86. Fox CS, et al. Temporal trends in coronary heart disease mortality and 
sudden cardiac death from 1950 to 1999: the Framingham Heart Study. 
Circulation. 2004;110(5):522–7.

 87. McGovern PG, et al. Trends in acute coronary heart disease mortality, 
morbidity, and medical care from 1985 through 1997: the Minnesota 
heart survey. Circulation. 2001;104(1):19–24.

 88. Goldberg RJ, et al. A 25-year perspective into the changing landscape 
of patients hospitalized with acute myocardial infarction (the Worcester 
Heart Attack Study). Am J Cardiol. 2004;94(11):1373–8.

 89. Arciero TJ, et al. Temporal trends in the incidence of coronary disease. 
Am J Med. 2004;117(4):228–33.

 90. Roger VL, et al. Trends in the incidence and survival of patients with 
hospitalized myocardial infarction, Olmsted County, Minnesota, 1979 to 
1994. Ann Intern Med. 2002;136(5):341–8.

 91. Masoudi FA, et al. Trends in acute myocardial infarction in 4 US states 
between 1992 and 2001: clinical characteristics, quality of care, and 
outcomes. Circulation. 2006;114(25):2806–14.

 92. Parikh NI, et al. Long-term trends in myocardial infarction incidence and 
case fatality in the National Heart, Lung, and Blood Institute’s Framing-
ham Heart study. Circulation. 2009;119(9):1203–10.

 93. Chen J, et al. Recent declines in hospitalizations for acute myocardial 
infarction for medicare fee-for-service beneficiaries: progress and 
continuing challenges. Circulation. 2010;121(11):1322–8.

 94. Yang D, et al. Incidence and case fatality after day 28 of first time 
myocardial infarction in Sweden 1987–2008. Eur J Prev Cardiol. 
2012;19(6):1304–15.

 95. Koopman C, et al. Population trends and inequalities in incidence and 
short-term outcome of acute myocardial infarction between 1998 and 
2007. Int J Cardiol. 2013;168(2):993–8.

 96. Smolina K, et al. Determinants of the decline in mortality from acute 
myocardial infarction in England between 2002 and 2010: linked 
national database study. BMJ. 2012;344:d8059.

 97. Lundblad D, et al. Gender differences in trends of acute myocardial 
infarction events: the Northern Sweden MONICA study 1985–2004. 
BMC Cardiovasc Disord. 2008;8(1):1–10.

 98. van Oeffelen AAM, et al. Downward trends in acute myocardial 
infarction incidence: how do migrants fare with the majority 
population? Results from a nationwide study. Eur J Prev Cardiol. 
2014;21(12):1493–500.

 99. Sulo G, et al. Favourable trends in incidence of AMI in Norway during 
2001–2009 do not include younger adults: a CVDNOR project. Eur J 
Prev Cardiol. 2014;21(11):1358–64.

 100. Aslibekyan S, Levitan EB, Mittleman MA. Prevalent cocaine use and 
myocardial infarction. Am J Cardiol. 2008;102(8):966–9.

 101. McManus DD, et al. Thirty-year (1975 to 2005) trends in the incidence 
rates, clinical features, treatment practices, and short-term outcomes of 
patients< 55 years of age hospitalized with an initial acute myocardial 
infarction. Am J Cardiol. 2011;108(4):477–82.

 102. Egred M, Viswanathan G, Davis G. Myocardial infarction in young adults. 
Postgrad Med J. 2005;81(962):741–5.

 103. Briffa TG, et al. Population trends of recurrent coronary heart 
disease event rates remain high. Circ Cardiovasc Qual Outcomes. 
2011;4(1):107–13.

 104. Clench-Aas J, Helgeland J, Dimoski T, Gulbrandsen P, Hofoss D, Holm-
boe O, et al. Methodological Development and Evaluation of 30-Day 
Mortality as Quality Indicator for Norwegian Hospitals [Internet]. Oslo, 
Norway: Knowledge Centre for the Health Services at The Norwegian 
Institute of Public Health (NIPH); 2005 . Report from Norwegian Knowl-
edge Centre for the Health Services (NOKC) No. 04-2005.

 105. Ahmad OB, et al. Age standardization of rates: a new WHO standard. 
Geneva: World Health Organization. 2001;9(10):1–14.

 106. Schmidt M, et al. 25 year trends in first time hospitalisation for acute 
myocardial infarction, subsequent short and long term mortality, and 
the prognostic impact of sex and comorbidity: a Danish nationwide 
cohort study. BMJ. 2012;344:e356.

 107. Luepker RV. Decline in incident coronary heart disease: why are the 
rates falling? 2008,Circulation. 2008;117(5):592–3.

 108. Tu JV, et al. National trends in rates of death and hospital admis-
sions related to acute myocardial infarction, heart failure and stroke, 
1994–2004. CMAJ. 2009;180(13):E118–25.

 109. Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Buti Mohamad Al Suwaidi 
SK, AlKatheeri R. Global epidemiology of ischemic heart disease: results 
from the global burden of disease study. Cureus. 2020;12(7):e9349.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The global prevalence of myocardial infarction: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Inclusion and exclusion criteria
	Study selection
	Quality control assessment
	Data extraction
	Data analysis

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


