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Aim: The prevalence of acute myocardial infarction (AMI) is increasing in young adults, 
especially in men. This study aims to compare the characteristics and explore the association 
between age and clinical outcomes in male adults who first experienced AMI.
Methods: A total of 2737 male patients with AMI were divided into three groups by age: 
<50, 50–65, and ≥65 years. Clinical characteristics and long-term results (all-cause and 
cardiac deaths, nonfatal MI, revascularization, nonfatal stroke, cardiac rehospitalization) 
were identified across different age subgroups. The association between age and the out-
comes was assessed by Cox proportional hazard models.
Results: This population was followed up for a median of 36.7 months. Patients <50 years 
had a lower prevalence of diabetes (19.4%) and previous stroke (1.8%), while they were 
more often to be smokers (77.1%), obese (26%), dyslipidemia (74.7%), and with the single- 
vessel disease (16.2%). The risk of cardiovascular and all-cause death in patients ≥65 years 
was higher than patients <50 years, which was noticed through competing risk regression 
analysis after adjusting for confounding factors (adjusted HR 3.24; 95% CI 2.26–4.22, 
p=0.020 for cardiovascular death, adjusted HR 4.17; 95% CI 1.91–9.10, p<0.001 for all- 
cause death).
Conclusion: In conclusion, although men who suffered from first AMI under the age of 50 
had lower mortality, they had a higher burden of modifiable traditional risk factors. The 
management of modifiable lifestyles should be addressed to all young AMI patients.
Keywords: acute myocardial infarction, young men, the long-term prognosis

Introduction
Acute myocardial infarction (AMI) remains a primary reason for morbidity and 
mortality globally. AMI in young populations which can lead to death in their life, 
resulting in a major public health crisis is not intensively investigated.1 Although 
the prevalence of AMI has decreased in older patients, younger individuals who 
experience AMI have not had the same declines in cardiovascular events, especially 
men.2 The clinical characters of AMI vary by age. Previous studies have identified 
that risk factors included tobacco use, obesity, and diabetes may be crucial to young 
individuals.3–5 The Framingham Heart Study had shown that the young men aged 
under 45 years remain adverse outcomes after present with AMI over a decade 
follow-up period.6 Compared to the elderly, the young are not well studied about 
the prevalence, comorbidities, and therapies. Moreover, current studies have 
focused on the age of 40 or 45 years while there has not been a clear definition 
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of young in patients with AMI.7 In particular, relevant 
researches about Chinese men who received the percuta-
neous coronary intervention (PCI) are limited. Therefore, 
in our study, we assessed the major baseline features, 
angiography characteristics, treatments, and long-term fol-
low-up in young AMI men under the age of 50 years.

Methods
Subjects
The data source was from the Cardiovascular Center of 
Beijing Friendship Hospital Database (CBD) Bank. 
A cohort of 5170 Chinese adults who were diagnosed 
with AMI (according to the Fourth Universal Definition 
of Myocardial Infarction) from January 2013 to 
August 2020 was included in our study. Of them, 2433 
were excluded based on the following exclusion criteria: 
(1) female, (2) with a previous episode of AMI, (3) with-
out coronary angiography, (4) with missing data on base-
line characteristics or long-term results. Finally, we 
identified 2737 male patients who performed with coron-
ary angiography in this retrospective study. Enrolled indi-
viduals were categorized into three groups based on their 
age: <50 years (young), 50–64 years, and ≥65 years. 
Individuals were followed up at 1, 3, 6 months, and 
each year after discharge. The median follow-up time is 
36.7 (IQR: 36.3, 37.2) months.

Data Collections and Definitions
The progress of the data collected was consistent with the 
Declaration of Helsinki. The collection was permitted by 
the Institutional Review Board of Beijing Friendship 
Hospital affiliated to Capital Medical University.

We collected information including basic demographic 
data, medical histories, laboratory values, echocardiogra-
phy findings, angiographic evaluations, medications at dis-
charge and length of hospital stay from relevant medical 
records. Additionally, information on the type of AMI was 
also available for each participant. Outcome data included 
cardiovascular (CV) death, all-cause mortality, recurrence 
of MI, non-fatal stroke, rehospitalization for heart failure, 
and revascularization. Furthermore, causes of non- 
cardiovascular death were recorded in our analysis. We 
collected follow-up results over the telephone between 
trained clinicians and patients or their relatives. 
Outcomes were obtained via telephone follow-up.

The clinical definition of AMI was in accordance with 
the Fourth Universal Definition of MI during the study 

period.8 Hypertension was defined with a raised blood 
pressure higher than 140/90 mmHg or treated with anti-
hypertensive drugs. Diabetes mellitus was defined with an 
elevated fasting blood glucose >126 mg/dL (7.0 mmol/L) 
or random blood glucose >200 mg/dL (11.1 mmol/L) or 
previously diagnosed or treated with antidiabetic medica-
tion. Dyslipidemia was defined with an elevated low- 
density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL 
(3.3 mmol/L), total cholesterol (TC) ≥ 200 mg/dL (5.2 
mmol/L), triglyceride (TG) ≥ 150 mg/dL (1.7 mmol/L) 
or previously diagnosed or treated with lipid-lowering 
drugs. The level of high-density lipoprotein cholesterol 
(HDL-C) lower than 40 mg/dL (1.0 mmol/L) in men or 
50 mg/dL (1.3 mmol/L) in women was also defined as 
dyslipidemia. Body mass index (BMI) higher than 30 kg/ 
m2 was defined as Obesity.

Transthoracic echocardiography was carried out in all 
individuals on admission to evaluate LVEF, left atrial (LA) 
diameter, left ventricular end-diastolic dimension 
(LVEDD), and left ventricular end-systolic dimension 
(LVESD). Each individual underwent coronary angiogra-
phy via the radial or femoral approach, where PCI was 
performed after it if necessary. CV mortality was defined 
as heart-related death. All-cause mortality was described 
as death for any reason. Non-fatal stroke was described as 
a cerebral disorder and supported by brain CT scans or 
MRI detection. Cardiac rehospitalization was defined as 
being hospitalized due to heart failure. Revascularization 
was described as the unplanned restoration of blood flow 
for ischemic symptoms and events.

Statistical Analysis
The collected data were analyzed using the 
R Programming Language and SPSS version 25.0 (IBM 
Inc, Armonk, New York). Continuous variables were 
revealed as mean with standard deviation or median with 
interquartile range, and comparison between categories 
was analyzed using Student’s T-tests or Wilcoxon rank- 
sum test as appropriate. Categorical variables were pre-
sented as counts and percentages, and differences between 
groups were analyzed using the chi-square test. Gray’s test 
was applied to compare the independent prediction of age 
on CV mortality, recurrence of MI, revascularization, non- 
fatal stroke, cardiac rehospitalization due to the competi-
tive risk from all-cause deaths. The competing risk regres-
sion curves were calculated for the cumulative incidence 
of outcomes. Covariates like patterns of AMI, left main 
coronary artery (LM), hypertension, diabetes, 
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dyslipidemia, previous stroke, CKD, smoking, aspirin 
treatment, the peak level of NT-proBNP, the peak level 
of TnI, pre-PCI TIMI 0/1 flow, BMI, LVEF <50% were 
involved in the multivariate assessment. All p values were 
two-tailed, and p < 0.05 was considered statistically 
significant.

Results
Study Population
Baseline characteristics of all subjects in this research are 
presented in Table 1. In total, we recruited 2737 male 
patients. The mean age of the overall study population 
was 61 years. Of these people, 13.7% were aged younger 
than 50 years, 51.1% were aged 50 to 65 years, and 35.1% 
were aged 65 years or older. There were more patients <50 
years present with STEMI than NSTEMI when compared 
with those aged 50–65 years and those ≥65 years.

Risk Factors
Patients <50 years presented less with diabetes mellitus 
and previous stroke compared with patients 50–65 years 
and ≥65 years, as shown in Table 1. Young men under 50 
years old had fewer cardiovascular risk factors compared 
with the other two groups except for smoking (77.1%) and 
obesity (26%). Median peak troponin and CK-MB in 
young patients indicated that more heart muscle was 
affected in them. Although CK-MB and troponin levels 
were significantly higher in men younger than 50 years 
compared with those aged 50 to 65 years, the LVEF was 
similar between the two groups. Among men <50 years, 
BMI over 30kg/m2 was 26%, and LDL-C levels over 
120mg/dl (3.0mmol/L) was 39% (Figures 1 and 2).

Angiographic Characteristics
Coronary angiographic procedures were carried out in all 
subjects and the findings can be found in Table 1. Single- 
vessel occlusion and TIMI 0/1 coronary blood flow before 
the percutaneous coronary intervention were more com-
mon in patients <50 years (all p < 0.001). The number of 
stenosed coronary arteries increased with aging (all p < 
0.001). Besides, the most frequently affected coronary 
segment according to our study was the left anterior des-
cending coronary artery (LAD) among the 3 groups. Those 
individuals under the age of 50 were less likely to be LM, 
LAD, left circumflex artery, and right coronary artery 
disease when compared with patients ≥65 years (all p < 
0.001). Patients with IABP, ventilator and CABG were 

significantly higher in men older than 65 years compared 
with those aged younger than 50 years (p < 0.05).

Medications at Discharge
The median period of hospitalization was 7 days (25th, 75th 
percentile: 6, 9) in patients <50 years and 50–65 years, 8 
days (25th, 75th percentile: 6, 11) in patients ≥65 years old 
(p < 0.001). Patients <50 years were significantly less likely 
to be discharged on calcium channel blockers (CCB, p = 
0.002), and diuretics (p < 0.001) when compared with 
patients ≥65 years, as shown in Table 1. However, young 
patients received more prescriptions of beta-blockers. No 
differences were observed in the number of patients receiv-
ing aspirin, non-aspirin antiplatelet, ACEI or ARB, statin, 
and ezetimibe by age group (all p > 0.05).

Outcomes
Over a median follow-up period of 36.7 months (inter-
quartile range: 36.3–37.2 months), there were 194 (7.1%) 
deaths in our cohort, representing 1.9% of patients <50 
years and 13.9% of patients ≥65 years (p < 0.001). 
Mortality rates between patients ≥65 years (n = 134; 
13.9%), 50–65 years (n = 53; 3.8%) and <50 years (n = 
7; 1.9%) differed significantly. Young patients showed 
a more favorable outcome compared with the other two 
age groups. One hundred and four were dead due to 
cardiovascular-related causes, 53 as non-CV deaths, and 
37 were undetermined. Men <50 years had a higher per-
centage of respiratory failure and other causes of death 
than the elderly (Tables 2 and 3).

Figure 3 and Table 3 reveal the analysis of outcomes 
based on competition from all-cause death. The cumula-
tive occurrence of CV mortality, revascularization, non- 
fatal stroke increased significantly with elevated age 
groups except for recurrence of MI and rehospitalization 
for heart failure. After adjusting for patterns of acute 
myocardial infarction, hypertension, diabetes, dyslipide-
mia, and other confounding factors, patients ≥65 years 
still had a higher CV and all-cause mortality than patients 
<50 years. On adjusted competing risk modeling, the 
hazard ratio (HR) of CV death (HR = 3.24, 95% CI 
2.26–4.22, Gray’s test p = 0.02) and all-cause death (HR 
= 4.17, 95% CI 1.91–9.10, Gray’s test p < 0.001) remain-
ing significant.

Discussion
This retrospective analysis focused on the between-group 
comparisons of characteristics, treatment, and outcomes of 
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AMI according to age. About 52.1% presented with 
STEMI. The proportion of patients <50 years representing 
13.7% of all AMI patients in our study. We observed an 
obvious increase in younger men presenting with modifi-
able cardiovascular risk factors, including smoking, drink-
ing, and obesity which account for nearly one out of four 
patients. Compared with older men, younger men were 
less probably to be present with diabetes, previous stroke, 

or hypertension. Besides, men aged ≥50 years had more 
multi-vessel diseases. Young adults under the age of 50 
had a significantly lower CV and all-cause mortality in 
comparison to the over 65 years group. The significant 
differences still exist after adjusting baseline confounders.

Although AMI in young patients is rare, the incidence 
of AMI in this population is increasing. A 10-year follow- 
up data indicated that the prevalence of AMI was higher in 

Figure 2 Unmodifiable risk factors in patients with myocardial infarction. 
Abbreviation: CKD, chronic kidney disease.

Figure 1 Modifiable risk factors in patients with myocardial infarction. 
Abbreviations: LDL-C, low-density lipoprotein cholesterol; BMI, body mass index.
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men than women between 30 and 55 years.9 Nearly three 
in four young adults can experience symptoms of cardiac 
ischemia, which was higher in men than in women.7 

Similar results can be found in several studies.10–14 

Development of AMI at a young age is correlated with 
multiple cardiovascular risk factors files, such as smoking, 

Table 2 Causes of Death Among Patients Who Experienced Non-Cardiovascular Death

Cause of Death All (N = 90) Age < 50 (N = 2) 50 ≤ Age < 65 (N = 27) Age ≥ 65 (N = 61)

Cancer 22(24.4) 0(0.0) 7(25.9) 15(24.6)
Sepsis 4(4.4) 0(0.0) 0(0.0) 4(6.6)

Respiratory failure 8(8.9) 1(50.0) 1(3.7) 6(9.8)

Renal failure 7(7.8) 0(0.0) 2(7.4) 5(8.2)
Gastrointestinal bleed 3(3.3) 0(0.0) 0(0.0) 3(4.9)

Cerebrovascular disease 9(10.0) 0(0.0) 8(29.6) 1(1.6)

Other 37(41.1) 1(50.0) 9(33.3) 27(44.3)

Table 3 Competing Risk Model of Outcomes

Events (%) Unadjusted HR (95% CI) p value Adjusted HR (95% CI) p value

CV death

Age<50 5(1.3) Ref -/- Ref -/-
Age 50–65 26(1.9) 1.39(0.54, 3.60) 0.500 0.99(0.37, 2.60) 0.980

Age≥65 73(7.6) 5.96(2.42, 14.7) <0.001 3.06(1.12, 8.35) 0.029

Cardiac rehospitalization

Age<50 7(1.9) Ref -/- Ref -/-
Age 50–65 33(2.4) 1.12(0.49, 2.55) 0.790 1.21(0.53, 2.76) 0.650

Age≥65 34(3.5) 1.35(0.58, 3.13) 0.490 1.19(0.46, 3.08) 0.710

Non-fatal MI

Age<50 15(4.0) Ref -/- Ref -/-
Age 50–65 41(2.9) 0.67(0.37, 1.21) 0.190 0.65(0.34, 1.20) 0.170

Age≥65 36(3.7) 0.73(0.39, 1.36) 0.310 0.83(0.39, 1.69) 0.610

Revascularization

Age<50 24(6.4) Ref -/- Ref -/-
Age 50–65 99(7.1) 1.06(0.68, 1.66) 0.790 1.06(0.66, 1.70) 0.820

Age≥65 42(4.4) 0.62(0.38, 1.04) 0.069 0.75(0.41, 1.37) 0.350

Non-fatal stroke

Age<50 1(0.3) Ref -/- Ref -/-
Age 50–65 28(2.0) 7.25(0.99, 53.20) 0.052 6.21(0.85, 45.31) 0.070

Age≥65 28(2.9) 10.20(1.39, 75.00) 0.023 6.86(0.85, 55.09) 0.070

All cause death

Age<50 7(1.9) Ref -/- Ref -/-
Age 50–65 53(3.8) 2.02(0.92, 4.44) 0.079 1.40(0.63, 3.11) 0.380

Age≥65 134(13.9) 8.21(3.85, 17.51) <0.001 4.16(1.83, 9.47) <0.001

Notes: Adjusted factors included patterns of acute myocardial infarction, LM, hypertension, diabetes, dyslipidemia, previous stroke, CKD, smoking, Beta-blockers treatment, 
peak of NT-proBNP, peak of TnI, pre-PCI TIMI 0/1 flow, BMI, LVEF<50%. 
Abbreviations: CV, cardiovascular; MI, myocardial infarction; LM, left main coronary artery; CKD, chronic kidney disease; BMI, body mass index; LVEF, left ventricular 
ejection fraction.
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Figure 3 Competing risk regression curves for CV death, non-fatal MI, non-fatal stroke, cardiac rehospitalization, and revascularization for the Age<50 years group (yellow 
line), Age 50–65 years group (green line) and Age ≥ 65 years group (pink line). 
Abbreviations: CV, cardiovascular; MI, myocardial infarction.
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hypertension, dyslipidemia, overweight, and inactivity.15 

One of the most frequent causes of MI in younger indivi-
duals is plaque instability which was comparable to the 
old.16 Modifiable risk factors include smoking, obesity, 
and hyperlipidemia which were most commonly observed 
among young subjects in our study. Bentzon et al found 
that the high rate of plaque rupture coexists with the 
population of metabolic disorders.17 Smoking and hyper-
lipidemia are two important risk factors accounting for 
almost two-thirds of patients with AMI.7 The number of 
smoking was over three quarters in young patients. 
Frequent exposure to cigarette smoking can result in 
endothelial dysfunction due to the damage of arterial 
cells, especially start at an early age.18 Hyperlipidemia 
appears to be one of the most common risk factors. 
Several unconventional risk factors such as lipoprotein 
(a), inflammation, and genetic variations were also found, 
which may also explain some of the reasons for the early 
occurrence of MI.19,20 Our data showed that almost 40% 
of patients<50 years with a high level of LDL-C over 
120mg/dl. Besides, nearly half of these young adults 
with coronary heart disease are obese.21 The incidence of 
obesity in our study is 26%, 9%, 7% in the three age 
groups, respectively. The development of MI at an early 
age is associated with obesity which accelerated athero-
sclerotic progression. Increasing the prediction of BMI ≥ 
25 kg/m2 on MI in younger subjects can be observed by 
Chen et al.22 These similar observations can be found in 
previously reported studies.23–26

PCI is considered the golden criterion therapy for 
AMI. Angiography was performed in all patients in our 
study through a femoral or radial artery approach by at 
least two interventional cardiologists. A study including 
2528 patients indicated that single vessel occlusion was 
observed more prevalent in patients under the age of 40 
years.5 Additionally, they had a lower extent of plaque 
and overall plaque burden than patients aged 41 to 50. 
According to the American Heart Association, the LAD 
was the most frequently affected branch of all ages. In 
2019, a cohort study of the Germans discovered that less 
than one-third of the older patients (>40 years) had one- 
vessel disease compared with the younger group (≤40 
years).26 We found a lower prevalence of multi-vessel, 
LM, LAD, LCX, and RCA disease in men <50 years 
compared with the other two groups. In line with pre-
vious findings, the young were more frequently to have 
the single-vessel occlusion.27,28 There was an increasing 
tendency of diseased vessels with increasing age.29 One 

explanation is the multi-vessel disease occurred more 
commonly in individuals who have a history of diabetes. 
In our study, the old had a higher prevalence of diabetes. 
We also found that the young had more TIMI 0/1 flow 
before PCI. The effect of coronary collateral circulation 
is a compensation way after the block of the normal 
coronary circulation.

Several previous studies have revealed a more posi-
tive prognosis in the young than the old with 
AMI.11,12,30,31 A study from Norway showed nearly 
one in ten individuals with AMI under 45 years died 
or underwent non-obstructive coronary artery disease 
during follow-up.27 Thomas et al followed up 5873 
patients with MI who underwent PCI for 3 years and 
found that the outcome of patients ≤40 years is signifi-
cantly better when compared with older patients.26 

However, Yang et al demonstrated that very young MI 
patients (≤40 years) had similar one-year and longer 
periods results when compared to those aged 41 to 50 
despite having a lower prevalence of risk factors.5 

A study that included 26,545 ACS patients from 2006 
to 2017 revealed that subjects younger than 35 years 
were at significantly great risk of 30-day mortality.29 In 
our analysis, the CV and all-cause death in AMI indivi-
duals <50 years is significantly lower than that of 
patients ≥65 years after adjustment for confounding 
factors. For death, the gap between adults aged <50 
years and 50–65 years narrowed. One benefit of our 
study was the capability to present further assessment 
of non-CV death reasons. Respiratory failure and other 
reasons, except for cancer, sepsis, renal failure, gastro-
intestinal bleeding, and cerebrovascular disease were the 
main causes of death in young men. Patients with AMI 
may suffer from hemodynamic instability and fluid 
retention then resulting in gas exchange impairment 
and breathing difficulties.32 In our analysis, there were 
fewer patients <50 years present with the pulmonary 
disease when compared with those aged 50–65 years 
and those ≥65 years. And we also found that the number 
of using ventilators was significantly higher in patients 
older than 65 years compared with those aged younger 
than 50 years. Despite a high survival rate, 12.5% of 
young men experienced one of the adverse events (non- 
fatal stroke, reoccurrence of MI, revascularization, or 
cardiac rehospitalization) during follow-up. The role of 
beta-blockers has been proved beneficial to prognosis. 
This study highlights the significance of secondary 
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medication for coronary artery disease and the removal 
of modifiable risk factors in this group of patients.

One of the most common typical symptoms of AMI 
is acute precordial discomfort. Both atherosclerotic and 
non-atherosclerotic factors contributed to the develop-
ment of AMI. Excessive alcohol assumption is related to 
chest pain, which may result in coronary occlusion due 
to endothelial disorder.33 Besides, a growing number of 
young people are in the rapid pace of modern life living 
with depression and anxiety, especially in big cities. 
Compared with older individuals, frequent exposure to 
high stress was a positive correlation with the risk of 
myocardial infarction in younger adults.34 In addition, 
systemic inflammatory reaction, hypercoagulation, and 
endothelial disorder may also cause MI.18 The risk of 
mortality in young men is lower while they were more 
likely to have higher levels of cardiac biomarkers in our 
study. Early identification and appropriate treatment for 
AMI remain significant in young individuals. 
Underlying mechanisms are essential to be analyzed 
intensively in this population.

Limitations
Study limitations should be noted in this work. First, it is 
a retrospective single-center analysis within the prospec-
tively designed which is hard to demonstrate causal asso-
ciations between clinical characteristics and outcomes. 
Second, patients who were too ill to be hospitalized were 
not enrolled in this study. Those people may have different 
characteristics compared with the remaining patients. 
Third, we were unable to evaluate stress, substance 
abuse, or physical activity which were recognized as risk 
factors prevalent among young patients presenting with 
AMI. Fourth, the study did not continue to gather long- 
term follow-up data about prescribed medical therapies 
and risk factor modification.

Conclusions
Age differences exist in long-term prognosis, especially 
CV and all-cause death after myocardial infarction. 
Although men who suffered from first AMI under the 
age of 50 had lower mortality, they had a higher preva-
lence of modifiable risk factors and were less probably to 
be prescribed post-AMI medical drugs except for beta- 
blockers. The findings emphasize that efficient advice 
such as physical activity and smoking cessation should 
be given from public health professions and governments 
to all young AMI patients.
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