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Abstract

Acute myocardial infarction (AMI) in young patients is very rare, but 
the incidence has increased over years past at younger ages, likely due 
to the presence of multiple risk factors. We present the first known 
case of ST-elevation AMI (STEMI) in a young man. A 22-year-old 
Japanese man was transferred to our hospital due to suddenly oc-
curred anterior chest pain. An electrocardiogram revealed ST eleva-
tion in anteroseptal leads together with reciprocal ST depression in 
inferior leads. An emergency coronary angiogram was performed, 
revealing a 100% occlusion at segment 6 of the coronary artery and 
we established a diagnosis of STEMI. The lesion was expanded to 0% 
stenosis through plain old balloon angioplasty, after which a third-
generation drug-eluting stent was installed there. Afterwards, the pa-
tient was discharged on day 17. In this case, a combination of mild 
six risk factors plus family history of hypertension might lead to this 
atypical event.
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Introduction

Acute myocardial infarction (AMI) is the leading worldwide 
cause of cardiovascular events, and angina is commonly seen 
before AMI [1, 2]. AMI is extremely rare in young patients: 
in one study in Poland, individuals under age 40 represented 
only 1-6% of all AMI patients [2-5]. The rate of incidence has 
increased over years past in younger patients (< 35 years old) 
compared to older patients, and the age of onset is gradually 

falling, likely due to the following multiple risk factors such 
as smoking, obese, hypertension, diabetes, hyperlipidemia 
(higher level of low-density lipoprotein-cholesterol (LDL-C)), 
higher level of uric acid, history of coronary artery disease, 
family history of premature AMI, non-obstructive coronary 
artery disease (CAD), and genetic polymorphisms related to 
blood coagulation, fibrinogen, homocysteine, being present 
[3, 6-9]. Among previous reports, current age of onset was 19 
years old [3, 6-9]. Age range between 19 and 29 years, and 
female sex were the only categories in which the number of 
patients with angiographically normal coronary arteries was 
higher than those with atherosclerotic CAD [3]. This could 
mean that patients with normal coronary anatomy may not be 
having an acute coronary syndrome (ACS) and could be pre-
senting with symptoms due to other conditions, or out of fear 
that they may be experiencing an ACS [3].

Etiological factors among the younger population are less 
studied and in patients under age 35 who have AMI, the ather-
osclerotic burden is very low [2, 5, 9]. Of these, young ST-ele-
vation AMI (STEMI) patients aged 18 - 35 were characterized 
as being male, obese, smokers, and having a family history of 
ischemic heart disease, though there is also a prevalence of 
cardiometabolic risk factors [10-12]. To date, there have been 
no reports of STEMI in a young man with no previous clinical 
history of angina nor hereditary disease; therefore, we report 
the first such case, together with a brief review of literature.

Case Report

Investigations

A 22-year-old Japanese man was transferred to our emergency 
department (ED) due to anterior chest pain. This symptom 
suddenly occurred at rest in the afternoon, and it was degree 
10/10 (0: no pain, 10: worst pain imaginable), oppressive, per-
sistent, and without cold sweat. He had never experienced this 
symptom, and it persisted at our ED for 50 min after the onset 
of symptoms. On the other hand, it was not accompanied by 
cold sweat, nor respiratory fluctuation. Furthermore, he had 
not caught a cold in the days before.

The patient’s medical history included an operation for 
a left inguinal hernia when he was 5 years old, essential hy-
pertension, and grade 1 right hydronephrosis when he was 22 
years old. He was given 80 mg of nifedipine and 4 mg of doxa-
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zosin mesylate for essential hypertension on a regular basis, 
and his blood pressure was well controlled.

The patient had no history of smoking nor drinking alco-
hol. No abnormal findings had been found on his regular medi-
cal exams. The patient worked part-time at a coffee shop, three 
times a week, and was allergic to dust and cedar pollen. He did 
not need any assistance for everyday life activities. His older 
brother, father, and grandfather all suffered from hypertension, 
and they took antihypertensive drugs. On the other hand, the 
patient had no family history of malignant disease. None of his 
family members had been diagnosed with familial hypercho-
lesterolemia (FH).

The patient was 173 cm tall and weighed 77 kg (body 
mass index (BMI): 25.7). At our ED, his vital signs were nor-
mal other than hypertension, with blood pressure of 147/87 
mm Hg, heart rate of 69 regular beats/min, body temperature 
of 36.5 °C, oxygen saturation of 100% in ambient air, and res-
piratory rate of 16/min; his Glasgow Coma Scale score was 15 
points (E4V5M6). A 3 cm surgical scar was confirmed in the 
left inguinal region, but nothing else abnormal was detected 
upon physical examination, including skin and neurological 
findings.

Diagnosis

A routine laboratory examination, taken 60 min after the on-
set of symptoms, revealed increased values of alkaline phos-
phatase, urea nitrogen, creatinine, uric acid, C-reactive pro-
tein, LDL-C, plasma glucose, N-terminal prohormone of brain 
natriuretic peptide, high-sensitivity troponin T, and deceased 
values of potassium and high-density lipoprotein cholesterol 
(HDL-C). On the other hand, other values, including complete 
blood count and biochemistry, were normal (Table 1).

An electrocardiogram (ECG) taken 60 min after the onset 
of symptoms revealed ST elevation in anteroseptal leads (V1-
V4), together with reciprocal ST depression in inferior leads 
(II, III, and aVF), and these findings were new compared to a 
previous ECG at the time of medical checkup taken a month 
ago (Fig. 1a and b, respectively). A transthoracic echocardiog-
raphy confirmed severe hypokinesis of anteroseptal motion, 
and the left ventricular ejection fraction (LVEF) was about 20-
30%; however, other findings were normal. A plain computed 
tomography (CT) of the chest had normal results, with no evi-
dence of a pulmonary embolism.

At this point, the patient was referred to cardiologists, with 
a suspected diagnosis of STEMI in the anteroseptal region. An 
emergency coronary angiogram (CAG) was carried out, using 
the left radial artery approach with a 6 French sheath, and it 
revealed an occlusion in the left anterior descending coronary 
artery (LAD): 100% occlusion at segment 6 (Fig. 2a). In addi-
tion, no abnormal findings, such as coronary artery aneurysm, 
were confirmed through the CAG. An intravascular ultrasound 
confirmed rich unstable plaque at the lesion. Raman spectros-
copy revealed that the coronary plaque consisted of particu-
larly lipid and calcium. On the other hand, the patient did not 
meet the criteria for FH. In addition, secondary hypertension 
was excluded by laboratory and imaging test including CT and 

magnetic resonance imaging.
We established a diagnosis of STEMI in the anteroseptal 

region (100% occlusion at segment 6).

Treatment

The lesion was expanded to 0% stenosis through plain old bal-
loon angioplasty (Fig. 2b), after which a third-generation drug-
eluting stent (the Ultimaster® 3.5 mm diameter/24 mm length 
sirolimus eluting coronary stent) was installed there. The dura-
tion from arrival at our ED to coronary artery recanalization, 
or “door to balloon time”, was 2 h, and the duration from the 
onset of symptoms to coronary artery recanalization was 2 h 
and 50 min. The patient was stable after percutaneous coronary 
intervention (PCI), and started a routine of 100 mg of aspirin, 
75 mg of clopidogrel, 40 mg of telmisartan, 2.5 mg of biso-
prolol fumarate, 4 mg of pitavastatin calcium, and 10 mg of 
ezetimibe, 1 day after PCI.

Follow-up and outcomes

The maximum value of creatine kinase was 5,815 U/L, at 4 
h and 30 min after PCI, and it gradually decreased after that 
point. The patient was discharged from the intensive care unit 
on the third hospital day without post ventricular arrhythmia or 
heart failure, and was stable afterward during his hospitaliza-
tion. He was discharged on day 17. Afterwards, we confirmed 
that his post-PCI progress was satisfactory 14 days later. At 
that time, we performed ECG and it did not reveal atrial fibril-
lation. Therefore, paroxysmal atrial fibrillation that may cause 
coronary embolic obstruction might have been ruled out. The 
clinical course of the patient is shown in Figure 3.

Discussion

We present the first known case of STEMI in a young man 
with no previous clinical history of angina, who did not have 
hereditary disease. The most important discussion point is why 
this 22-year-old man with well-controlled hypertension had an 
STEMI. STEMI cases in young population are very rare and 
the patients were all female [13, 14]. Furthermore, this patient 
suffered from neither hereditary diseases, including FH, nor 
cardiovascular diseases, including previous anginal attack or 
Kawasaki diseases. In this case, suspected STEMI risk factors 
include obesity, hypertension, renal dysfunction, hyperurice-
mia, dyslipidemia, and abnormal glucose tolerance. In addi-
tion, he had a family history of hypertension and it also may 
be a risk factor of STEMI. We cannot declare mention clear 
reason why he had STEMI, but suspected reason is as follows. 
Though these were all mild, a combination of these six risk 
factors plus family history of hypertension might lead to this 
type of event. On the other hand, thrombogenesity examina-
tion using routine blood sample before heparinization was 
normal, therefore it could not lead to this atypical event. We 
suspect it is unique among young age and there is value in 
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reporting this event.
Among these risk factors, patients with FH have a ten-

dency to develop AMI at earlier ages, and patients with FH 
have double risk of cardiovascular events compared to non-
FH patients, even for patients undergoing high-intensity lipid-
lowering therapy [15, 16]. High LDL-C levels since birth are 

known to have a correlation with early atherosclerotic disease 
onset [15]. Approximately one subject in 250 carries a genetic 
mutation that determines FH; there should be more represen-
tation of FH among subjects who have a documented CAD 
diagnosis [15]. Therefore, identifying these subjects earlier 
could lead to improved management of their high cardiovas-

Table 1.  Routine Emergency Department Laboratory Examination of the Patient

Parameter (unit) Measured value Normal value
White blood cells (× 103/µL) 6.9 3.9 - 9.7
  Neutrophils (%) 60 37 - 72
  Lymphocytes (%) 28 25 - 48
  Monocytes (%) 5 2 - 12
  Eosinophils (%) 6 1 - 9
  Basophils (%) 1 0 - 2
Red blood cells (× 106/µL) 5.21 4.3 - 5.67
Platelets (× 103/µL) 278 153 - 346
Aspartate transaminase (IU/L) 17 5 - 37
Alanine aminotransferase (IU/L) 18 6 - 43
Lactic acid dehydrogenase (U/L) 140 124 - 222
Alkaline phosphatase (U/L) 116 38 - 113
Gamma-glutamyl transpeptidase (IU/L) 29 0 - 75
Total bilirubin (mg/dL) 0.5 0.4 - 1.2
Total protein (g/dL) 7.4 6.5 - 8.5
Albumin (g/dL) 4.5 3.8 - 5.2
Creatine kinase (U/L) 83 57 - 240
Blood urea nitrogen (mg/dL) 24 9 - 21
Creatinine (mg/dL) 1.73 0.6 - 1
Amylase (IU/L) 98 43 - 124
Sodium (mEq/L) 138 135 - 145
Potassium (mEq/L) 3.4 3.5 - 5
Chloride (mEq/L) 104 96 - 107
C-reactive protein (mg/dL) 0.64 0 - 0.29
Plasma glucose (mg/dL) 153 65 - 109
Glycated hemoglobin (NGSP) (%) 5.2 4.6 - 6.2
Low-density lipoprotein cholesterol (mg/dL) 148 70 - 139
High-density lipoprotein cholesterol (mg/dL) 39 40 - 70
Triglyceride (mg/dL) 96 30 - 149
Activated partial thromboplastin time (s) 28 23 - 36
Prothrombin time (international normalized ratio) 1.07 0.85 - 1.15
Fibrinogen (mg/dL) 353 200 - 400
Fibrinogen and fibrin degradation products (µg/mL) 2.5 0 - 10
High-sensitivity troponin T (ng/L) 24 0 - 14
Brain natriuretic peptide (pg/mL) 14.2 0 - 18.4
N-terminal pro-brain natriuretic peptide (pg/mL) 230.1 0 - 125
High-sensitivity cardiac troponin T 24 0 - 14
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cular risk, and identify possible FH relatives through cascade 
screening [15]. On the other hand, despite broad warnings and 
public information campaigns, smoking is still the most com-
mon modifiable risk factor in young adult STEMI patients [17, 
18]. A significant decrease was seen in age-standardized AMI 
hospitalizations after a smoking ban was introduced, in a long-
term follow-up in both younger and older patients, both male 
and female, though with differences regarding place of resi-
dence [19]. In addition, young patients have a low proportion 
of hypertension and diabetes, but these patients have high lev-
els of LDL-C, uric acid, and homocysteine [12]. There was a 

3-4‰ postnatal risk of Kawasaki disease, increasing with eve-
ry birth year; patients with the disease face a significant risk 
of major cardiac events during childhood, such as AMI [20]. 
There was more frequent recurrence in younger patients, with 
a 1.9% probability of a major cardiac event (infarction, under-
going PCI or coronary artery bypass grafting, or death) by the 
time patients reach adolescence [20]. In addition, in younger 
women, spontaneous coronary artery dissection (SCAD) has 
come to be increasingly recognized as a cause of myocardial 
infarction (MI), but treatment is often conservative because of 
revascularization risks [21, 22]. STEMI-SCAD is an important 

Figure 2. Coronary angiogram findings, caudal view. (a) Pre-PCI. A 100% occlusion at segment 6 is confirmed. (b) Post-PCI. 
Removal of the vascular obstruction together with recanalization, namely 0% stenosis is confirmed. PCI: percutaneous coronary 
intervention.

Figure 1. Electrocardiogram findings. (a) In emergency room. ST elevation in anteroseptal leads (V1-V4) is confirmed together 
with reciprocal ST depression in inferior leads (II, III, and aVF). (b) One month prior to admission. Normal findings.
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subset of STEMI, particularly among younger women, and 
generally brings a significantly higher frequency of left main 
or LAD culprit and cardiogenic shock compared to STEMI 
atherosclerosis [22]. Long-term exposure to air pollution and 
traffic noise has also been variably associated with the inci-
dence of acute vascular events, including AMI [23]. Notably, 
in this case, emergency service workers did not suspect AMI, 
despite the symptoms, due to the young age of the patient. In 
consideration of this, clinicians should include AMI as a dif-
ferential diagnosis when they see patients suffering from chest 
pain, regardless of risk factors and age.

Similarly, even when traditional risk factors are not pre-
sent, it is crucial to test aggressively for procoagulant markers 
in young patients who present with chest pain at high altitudes 
[24]. Introducing various highly sensitive cardiac troponin as-
says, as a part of clinical practice, has provided a new tool 
to help clinicians diagnose AMI [25]. In addition, compared 
to older age groups, young ACS patients had higher rates of 
STEMI, less extensive CAD, and more favorable prognoses 
[26, 27]. However, implementing sex-specific cutoffs for ACS 
diagnosis and management still has unclear clinical utility 
[25]. On the other hand, a study from China of young STEMI 
patients (< 35 years old) found that coronary artery stenosis 
was common, with stenosis more likely to occur in the LAD 
branch [12]. In another report on young MI (< 35 years old), 

patients were found to have increased whole blood viscosity 
compared to the healthy control group [28]. When comparing 
the ECG characteristics of men versus women (≤ 55 years old) 
with AMI, it was found that women did not have a different 
frequency of sinus rhythm from men, but that women did have 
shorter PR and QRS intervals and longer QTc intervals [29]. 
There was no difference between genders in intraventricular 
conduction disturbances [29]. Women showed a greater ten-
dency to have abnormal anterior lead Q waves, and lower Q 
wave frequency in other territories, compared to men [29]. 
Among STEMI patients, women had lesser magnitude and 
extent of ST-segment elevation than men, causing STEMI 
diagnosis to be less common in women than in men [29]. In 
summary, significant differences were found among young pa-
tients by gender in ECG presentations of AMI [29].

The readmission risk trends with age vary by specific 
cause [30]. Age-targeted initiatives are therefore warranted in 
order to reduce the incidence of preventable readmissions in 
AMI patients who are undergoing PCI [30]. While younger 
patients (18 - 54 years old) had the lowest readmission rate 
(7.27%), younger patients had a greater risk of readmission 
than patients aged 55 - 64, both for all causes and for specific 
causes, such as AMI or chest pain (both cardiac and non-spe-
cific) [30, 31]. Among young patients with AMI, the likelihood 
of readmission was higher for women and for patients who had 

Figure 3. Clinical course of the patient. The patient was transported to our hospital and diagnosed as STEMI, afterwards he was 
performed PCI and admitted on day 1. Afterwards, he was stable during his hospitalization. He was discharged on day 17 and we 
confirmed that his post-PCI progress was satisfactory on day 31. PCI: percutaneous coronary intervention; CK: creatine kinase; 
ECG: electrocardiogram.
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a prior AMI, increased depressive symptoms, longer inpatient 
length of stay, or diabetes [31]. Patients aged 65 - 74 had a low-
er risk of readmission for all causes [30]. Older patients (≥ 75 
years old) had a lower risk of readmission for chest pain, but a 
greater risk of readmission caused by heart failure or infection 
[30]. On the other hand, notably, in young AMI patients, sev-
eral readmission predictors were psychosocial characteristics, 
rather than AMI severity markers [31].

The clinical outcomes of patients with plaque erosion 
may be affected by the distinct variance, by age, in demo-
graphic, clinical, angiographic, and plaque phenotypes [24]. 
Worldwide cardiovascular disease mortality is increasing, 
and onset age is gradually dropping [9]. STEMI is associated 
with significant mortality, which leads to a loss of productive 
years of life, particularly in younger patients [11]. In younger 
patients with STEMI, the mortality rate is lower, but not neg-
ligible [11]. Young patients also experience higher rates of 
cardiogenic shock, out-of-hospital cardiac arrest, and STEMI 
[27]. The risk factors associated with worse outcomes need 
to be investigated as soon as possible [26]. Shock, contrast-
induced nephropathy, HF with Killip class 2, and decreased 
LVEF served as particularly potent predictors of both adverse 
outcomes and long-term mortality [26]. STEMI patients were 
found to have larger infarct sizes, correlating to higher peak 
high-sensitivity cardiac troponin I, and to have worse Killip 
scores [26]. Unsurprisingly, patients who had normal coro-
nary angiography were found to have better prognoses than 
those with stenosis [12]. Furthermore, a high BMI value was 
found to be an independent predictor of all-cause AMI mor-
tality in the younger age group [32]. For these reasons, public 
health efforts are necessary, with the goal of reducing preva-
lence of these risk factors among the segments of the popula-
tion that are constitutionally susceptible [11]. Short-term mor-
tality outcomes favored younger women over older women, 
though in-hospital management was similar for both groups 
[33]. Compared to younger men, younger women (≤ 65 years 
old) with STEMI were less likely to receive guideline-recom-
mended pharmacotherapy and revascularization during hospi-
talization, and these younger women also had greater 1-year 
and in-hospital mortality rates [10, 13, 29, 34-37]. Among 
adults with AMI, there was a higher risk of in-hospital mortal-
ity for younger adults with BMIs of 35.0 - 39.9 or ≥ 40, com-
pared to non-obese patients [38]. Existing work suggests that 
the differences in outcome are likely multifactorial in cause, 
but they may be at least partially explained by factors such as 
atypical presentation, delayed presentation, under-recognition 
of STEMI at initial medical contact, and underuse of medica-
tions due to concern regarding increased bleeding risk [34]. A 
stepwise increase was seen in long-term mortality from young 
to middle-age and older; compared to older age groups, young 
patients (< 45 years old) with STEMI have a more favorable 
prognosis [5, 8, 26, 27, 39-40]. More specifically, patients 
aged ≥ 65 have an in-hospital mortality that is three times 
higher [39]. There has been a more pronounced and persistent 
decline in emergent condition ED visits among older adults 
compared to younger patients, with fewer ED deaths [27]. 
This is cause for concern, given that this age group faces a 
greater prevalence and risk of poor outcomes for emergent 
conditions that are amenable to time-sensitive ED diagnosis 

and treatment; this may explain, in part, the excess mortality 
seen among older adults during the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) era [27]. It is addi-
tionally clear that there is great potential for improvements to 
AMI care without serious sequelae among the younger patient 
age group [5, 39].

One important strategy for preventing CAD in the young-
er population is preventing or treating modifiable risk factors 
to reduce cardiovascular risk, such as smoking cessation, and 
aggressive lipid and weight control [9, 26, 33]. For smoking in 
particular, it is very important to better understand the harms 
of smoking, and there is a need to enhance tobacco control 
education and guidance for quitting smoking, targeting young 
women [17]. Additionally, studies in many countries have 
documented correlations between reduced AMI hospitaliza-
tions and anti-smoking policies [41]. Specifically, cigarette tax 
policy and anti-smoking laws were associated with reductions 
in young adult hospitalizations for AMI [41]. To ensure the 
effectiveness of these policies, anti-smoking laws need to be 
strictly enforced, and tobacco taxes need to be high enough to 
increase cigarette prices above and beyond the rate of infla-
tion, to discourage cigarette purchases [41]. On the other hand, 
particularly among the youngest age group, AMI survivors re-
main a high-risk group, reinforcing the need for both primary 
and secondary prevention, including effective patient educa-
tion, to help improve long-term AMI patient prognoses [5, 40].

When comparing STEMI and non-STEMI (NSTEMI) 
among younger patients, the young STEMI group had, as 
its most prominent young-population risk factors: male sex, 
smoking, dyslipidemia with lower HDL-C level and hypertri-
glyceridemia, obesity, and a positive family history [26, 27]. 
On the other hand, in young adults, particularly the NSTEMI 
group, diabetes mellitus and hypertension remain potent CAD 
contributors [26]. In addition, across the whole group, and 
in both the STEMI and NSTEMI patient subgroups, no cor-
relation was found between LVEF and protein carbonyl [42]. 
Both the STEMI and NSTEMI groups had significantly higher 
plasma-soluble extracellular matrix metalloproteinase inducer 
levels, compared to both the stable CAD and healthy control 
groups [43]. Furthermore, another study confirmed a hemor-
heological pattern impairment in young MI patients, which 
was partially influenced by infarction type (STEMI or NSTE-
MI); whole blood viscosity was higher in STEMI patients 
than NSTEMI patients, and persisted for long term [28]. In 
NSTEMI patients, the frequency, magnitude, and extent of ST-
segment depression were consistent across genders, but wom-
en were less likely to have anterior ST-segment depression 
and more likely to have anterior negative T waves than men 
[29]. Prognoses were worse for younger patients presenting 
with STEMI than for those presenting with NSTEMI [27]. In 
addition, younger-age hospitalization was reported to have no 
differences by gender between STEMI; on the other hand, the 
similar result was not reported between NSTEMI [44]. There 
was also no long-term mortality difference between STEMI 
and NSTEMI, though short-term mortality and morbidity were 
greater in STEMI than NSTEMI patients [26, 27].

This case study has a limitation: it only reviews a single 
case report and case series of STEMI in young person with 
no previous clinical history of angina nor hereditary disease. 
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Therefore, the actual situation and nature of the disease may 
differ from the results of the literature review, as a result of 
reporting bias. Additional studies are needed to further evalu-
ate the impact of gender on clinical presentation, treatment 
patterns, and outcomes of AMI in young patients. In addition, 
to better understand this rare case, a biopsy of the occlusion 
would help; however, it was not performed. The measured 
level of LDL-C was relatively high for his age and we should 
have ruled out sitostorolemia.

In conclusion, we present the first case of STEMI in a 
young man with no previous clinical history of angina nor he-
reditary disease. Like our case, STEMI could occur in a young 
man who has risk factors.

Learning points

Physicians should control all coronary risk factors favorably, 
even if in a young case. In addition, this case also suggests the 
need for urgent and careful examinations when encountering 
patients presenting with chest pain, in order not to miss dis-
eases for which immediate diagnosis and treatment would be 
necessary.
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