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SUMMARY

Introduction/Aim. The incidence of acute myocardial infarction (AMI) is declining in developed countries
due to better prevention and more effective treatment of risk factors, however, the proportion of younger
patients with AMI is increasing. The aim of the research was to compare patients under the age of 45 years
with acute myocardial infarction at a ten-year interval, to detect changes in frequency and risk factors of
AML

Material and methods. The retrospective study included patients under the age of 45 years, hospitalized at
the Cardiology Clinic, University Clinical Center Ni§, with a diagnosis of AMI during 2023 and 2013. The
frequency of AMI, risk factors for coronary artery disease, the way of presentation and prevalence of
coronary artery disease in both groups were compared.

Results. During the ten-year period, the total number of patients annually hospitalized with AMI
increased (985 vs 1691). The proportion of younger patients increased significantly from 18 (1.7%) in 2013
to 57 (3.4%) in 2023, p = 0.008. The youngest patient with AMI in 2013 was 31 years old and in 2023, 25
years. The groups differed significantly in average age (43.3 years in 2013 vs 33.2 years in 2023, p = 0.02).
Significantly more patients had dyslipidemia (89.8% vs 47.1%) and positive family history (87.8% vs 47.1%)
in the 2023 group. The majority of patients in both groups presented with ST-segment elevation
myocardial infarction (STEMI) and the majority had single-vessel disease. During 2023, the number of
younger patients with three-vessel disease increased (5.3% vs 0%).

Conclusion. The proportion of patients aged up to 45 years among patients with AMI in our community
has increased over the last ten years, and the average age and the minimum age of this patient group have
decreased, with a higher frequency of dyslipidemia, heredity, and three-vessel coronary disease.
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INTRODUCTION

The incidence of acute myocardial infarction
(AMI) is declining in developed countries due to
better prevention and more effective treatment of
risk factors, nevertheless, cardiovascular and ce-
rebrovascular diseases are still the leading cause of
death, more than malignancies and chronic respi-
ratory diseases combined (1 - 3). However, the pro-
portion of younger patients with AMI is increasing,
which may lead to long-term serious socioeconomic
consequences (4).

Based on the observation that the number of
younger patients with AMI is increasing in our com-
munity, the aim of the study was to compare youn-
ger patients with AMI in a ten-year interval to show
whether the incidence of AMI has really increased
and whether there are changes in risk factors that we
could influence.

PATIENTS AND METHODS

The retrospective study included 1,691 pa-
tients hospitalized at the Cardiology Clinic, Univer-
sity Clinical Center Nis, with a diagnosis of myo-
cardial infarction in 2023, and 985 patients who were
hospitalized with the same diagnosis in 2013. We
considered younger patients to be patients aged up
to 45 years. Patients up to 45 years of age were se-
lected from both calendar years and then the fre-
quency of myocardial infarction, risk factors for
coronary disease, the way of presentation, and pre-
valence of coronary disease were compared in both
groups. We investigated traditional risk factors: age
(we included patients up to 45), sex, history of smo-
king, family history (this parameter was considered
positive if a patient's male first-degree relative de-
veloped cardiovascular disease-myocardial infarc-
tion, coronary revascularization or stoke before the
age of 55, or if their female first-degree relative had
developed it before the age of 65), history of hy-
pertension (this parameter was considered positive if
a patient had already been on antihypertensive the-
rapy), diabetes mellitus (this parameter was con-
sidered positive if a patient had already been taking
antidiabetic medications), dyslipidemia (this para-
meter was considered positive if a patient knew that
he had elevated blood fats or has already been on
antilipemic therapy or they had elevated lipid values
an admission) and BMI (this was calculated by
Quetelet formula, by dividing an individual' s
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weight in kilograms by their height in meters squa-
red). The absolute values of blood pressure, blood
glucose, and lipid levels were not taken into con-
sideration because some patients controlled those
values with regular therapy.

The collected data was processed in SPSS (Sta-
tistical Package for Social Science), Statistics for Win-
dows, Version 13 (SPSS Inc., Chicago, 111, USA). The
normality of the distribution of the continuous vari-
ables was tested using the Shapiro-Wilk test. Para-
meter values between groups with normal distribu-
tion were compared using a Student's t-test for inde-
pendent samples and ANOVA analysis of variance -
Kruskal Wallis and Post Hoc Test. In case of devi-
ation from normal distribution, Mann-Whitney test
was used. The values of p <0.05 were considered sta-
tistically significant.

RESULTS

Out of 985 patients hospitalized for acute
myocardial infarction in 2013, 18 (1.7%) were under
the age of 45. Out of 1,691 patients hospitalized for
acute myocardial infarction in 2023, 57 of them
(3.4%) were under the age of 45 years. Over the 10-
year period, the total number of patients who are
annually hospitalized with AMI increased. The pro-
portion of younger patients in the total population of
AMI patients increased significantly from 1.7% to
3.4%, p =0.008, Figure 1.

The demographic characteristics of the exam-
ined groups are shown in Table 1.

The youngest patient with AMI in 2013 was 31
years old, and in 2023, 25 years old. The groups dif-
fered significantly in average age, 2013 — 43.3 years,
2023 - 33.2 years, p = 0.02. (Figure 2, 3 and 4).

The statistical results of comparing the groups
according to the investigated parameters are shown
in Table 1.

The groups did not differ significantly by gen-
der (men 83.3% vs 87.7%, NS).

A high percentage of smokers was observed in
both groups (82.4% vs 89.2%).

In the group of younger patients from 2023,
the frequency of hypertension is almost twice as
high (42.1% vs. 23.5%), but statistical significance
was not reached.
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in 2013 in 2023

= younger than 45 years = older than 45 years = younger than 45 years = older than 45 years

Figure 1. The proportion of younger patients in the total population of AMI patients in 2013 and 2023

Table 1. The demographic characteristic and statistical results of the comparison of the groups
according to the investigated parameters

Parameters In 2013 (N =18) In 2023 (N =57) Significance p
value
Men 15 (83.3%) 50 (87.7%) 0.146
43.3+4.1 332+524
Age Min 31 Min 25 0.002*
Max 45 Max 45
ACS presentation 0.008*
STEMI 15 (82.4%) 45 (78.9%) 1.000
NSTEMI 3 (17.6%) 12 (21.1%) 0.383
Diabetes mellitus NA Type 1-2(3.5%) 0.668
Type 2 — 4 (7%)
Hypertension 4 (23,5%) 24 (42,1%) 0.534
. Current smokers 12 (70.6%) | Current smokers 47 (82.1%
Smoking Non-smokers 6 (1;.6%) ) Non-smokers 6 (15).8%) ) 0768
Dyslipidemia 8 (47.1%) 52 (89.8%) 0.001*
Family history 8 (47.1%) 50 (87.8%) 0.009*
BMI 27.15 27.46 0.749
Vessel involved (number)
MINOCA 0 (0%) 11 (19.3%)
1 11 (57.9%) 34 (57.9%) 0.002*
2 7 (47.1%) 8 (12.3%)
3 0 (0%) 4 (5.3%)
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Figure 2. The frequency of age in which patients had myocardial infarction in 2013
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Figure 3. The frequency of age in which patients had myocardial infarction in 2023
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Figure 4. Minimum and average age in which patients had myocardial infarction in 2013 and in 2023

In the 2023 group, significantly more patients
had dyslipidemia (89.8% vs 47.1%) and a positive fa-
mily history (87.8% vs 47.1%).

Although there was no significant difference
in BMI between the groups (27.15 vs 27.46, NS), the
majority of patients in both groups were overweight
but not obese.

The majority of patients in both groups pre-
sented with ST-segment elevation myocardial infar-
tion (STEMI) (82.4% vs. 78.9%, NS) and the majority
had single-vessel disease (57.9% in both groups). In
2023, the number of younger patients with three-
vessel disease increased (5.3% vs 0%), but there were
also patients with myocardial infarction non-ob-
structive coronary artery (MINOCA), which was not
diagnosed in 2013.

DISCUSSION

It used to be an encouraging fact that mortal-
ity from AMI is decreasing. Now the frequency of
AMI in the world is also decreasing. In the USA, the
number of heart attacks has been continuously de-
creasing since 2002 until today (1-3). However, in
our community, the overall incidence is still grow-
ing, and the increase in the proportion of younger
patients proportional to the total number of patients
with AMI is even more worrying. In the majority of
previous studies, younger heart attack patients were
considered to be those under 50 years of age (5, 6). In
research by Chinese and Japanese authors, a pre-
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mature heart attack was considered to be one under
the age of 55 in men and under 65 in women (7, 8)
The increase in the number of patients under the age
of 45 with AMI is alarming data (9), which is why we
also decided to single out this category of patients as
younger.

The average age of patients in our research de-
creased over a 10-year period (from 43.3 to 33.2
years), which indicates that coronary atherosclerosis
develops earlier and faster. It used to be referred to
as a premature coronary disease, but is now referred
to as a rapidly progressing form of the disease (10).
In addition to smoking, dyslipidemia and diabetes,
alcohol and cocaine use, obesity, level of lipoprotein
a and homocysteine, oral contraceptive use, hyper-
coagulable states, systemic connective tissue disease,
and hereditary factors are increasingly identified as
contributing factors (10). Emotional stress is an in-
sufficiently studied factor. MSIMI2 study has shown
that psychological and physical stress is twice as
likely to lead to myocardial ischemia in women after
myocardial infarction (MI) than in men, in the age
group up to 61 years, which is explained by more
frequent microvascular dysfunction and peripheral
vasoconstriction (11). Our respondents included a
significant number of individuals with severe emo-
tional and physical stress, depression, and steroid
abuse during exercise. This is not shown in the re-
sults because these data were collected in 2023, but
not in 2013, so we could not compare them. Other
authors have come to similar conclusions (9).
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Among the younger patients with AMI, more
than 80% are men in both groups studied, which is
similar to data from the literature (6) and corre-
sponds to the well-known fact that coronary disease
occurs 7 — 10 years later in women than in men. In
the USA, the average age of men at their first heart
attack is 65.6 years, while women are 72 years old.
(1) Data from a three-year analysis of over 875,000
MI patients in Germany shows that women are 7 —
12 years older at the time of AMI, but also that the
total number of patients with AMI is decreasing (12),
which is not the case in our study. However, in a
study by Chinese authors of over 9,000 patients un-
der the age of 45 with AMI, 93.9% were male (13),
which means that in our community there are still
slightly more women suffering of premature AMI
compared to the data from the literature, although
there are some similar results to ours (4). Women are
increasingly exposed to the same risk factors as men
and at an earlier age.

The groups did not differ significantly in the
percentage of smokers, but smoking was the domi-
nant and unchanged risk factor in the younger AMI
patient population in both 2013 and 2023. A study by
Palmer et al. showed that male smokers aged 18 — 49
years have a 9-fold increased risk of MI compared to
non-smokers of the same age. For female smokers,
the risk is even 13 times higher (14). The prevalence
of smoking as a risk factor in our younger respon-
dents is over 80% of current and former smokers and
is much higher than in other similar studies in the
world, where it ranges from only 12% in Germany in
the total population of patients with MI to 65.7% in
China and 67.6% in Japan in younger patients (7, 8,
12). In New Zealand, the prevalence of smokers in
patients up to 50 years of age with AMI is about
47%, and in the USA 52.5% (6, 15). In all studies, the
percentage of smokers in the group of younger pa-
tients with AMI is significantly higher than in the
group of older patients. Smoking accelerates the pro-
gression of atherosclerosis as it leads to endothelial
dysfunction and increases the risk of thrombosis (16,
17). Smokers experience their first MI more than ten
years earlier than non-smokers (18).

In our study, the incidence of dyslipidemia is
increasing significantly in younger patients with
AMIL. In 2023, 89.8% of patients up to 45 years of age
with AMI have dyslipidemia. Furthermore, data
from the literature shows that dyslipidemia is a risk
factor prevalent in patients with premature myo-
cardial infarction in the range of 45%-82% (7, 8, 13).
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This tells us that it is necessary to start treating dys-
lipidemia earlier, especially considering that our
country belongs to the category of countries with a
very high risk of cardiovascular morbidity and
mortality, according to the ten-year risk tables for
fatal or non-fatal cardiovascular events (19, 20). In
the European recommendations for the prevention
of cardiovascular disease, patients under the age of
50 are classified as younger (21).

Positive family history as a risk factor for pre-
mature AMI is widespread in our study, even in
87.8% of younger patients from 2023, in contrast to
younger patients from 2013 (47.1%) as well as data
from the literature, where it ranges from 7% (7) to
over 20%-25% (13). This calls for more serious re-
search into the genetic predisposition to premature
AML

The prevalence of hypertension in the 2023
patient group is almost twice as high as in the 2013
group, although no statistical significance was
achieved. According to our results, hypertension is a
less significant risk factor for premature AMI than
dyslipidemia, smoking and positive family history.
Other authors have shown similar results (7, 13).

Diabetes rarely occurs in our patients with
premature AMI and is consistent with data from the
literature (7, 13). The explanation for this is that type
2 diabetes is a more common and significant risk
factor for coronary disease than type 1 diabetes and
that it occurs in the older population.

Excess body weight was found in both groups
of our subjects, but the groups did not differ in terms
of BML In some studies, obesity was identified as a
risk factor for AMI in a higher percentage of younger
patients than in older patients (6).

Overall, hypertension and diabetes are less
common in patients with premature myocardial in-
farction than in older patients, and smoking, dysli-
pidemia, and a positive family history are more com-
mon risk factors.

We did not examine blood homocysteine le-
vels, which could be a significant risk factor for pre-
mature MI (13).

In both groups of younger patients, the acute
coronary event presented as STEMI in approxima-
tely 80% of patients, and angiographically, single-
vessel coronary disease was predominant, which is
similar to other studies (5, 13). The increase in the
number of patients with three-vessel coronary dis-
ease in the younger patients in 2023 is concerning,
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indicating a more aggressive progression of athero-
sclerosis.

In addition to the traditional risk factors pre-
sent at the earlier age, the increasing number of
younger patients with AMI may be influenced by
substance abuse and hypercoagulable conditions (9,
10), indicating the need for this type of screening in
the younger population.

CONCLUSION

The proportion of patients up to 45 years of
age among patients with AMI in our community has
increased over the ten-year period, and the mini-
mum number of years in which the disease occurs
and the average age of this patient group have de-
creased. The prevalence of smoking is consistently
high, and dyslipidemia and heredity are signifi-
cantly more common, as is coronary three-vessel dis-
ease in younger people in 2023. The results suggest
that AMI is occurring in younger patients and that
better and earlier primary prevention is needed -
tackling smoking and starting treatment for dyslipi-
demia earlier, as well as screening for coronary dis-
ease in patients with positive family history and
investigating and preventing many new less recog-
nized risk factors.

Study limitations

Our single-center investigation included pa-
tients with acute myocardial infarction from NiSava
county but also the southeast part of Serbia who
were referred to our Cardiology Clinic in the acute/
subacute phase of myocardial infarction from 2013 —
2023. Our Clinic is the only healthcare facility with a
catheterization laboratory in this part of Republic of
Serbia, and we have been accepting patients from
other counties for decades now. We do not have pre-
cise information on the incidence of ACS regarding
the whole country for this period and this was not
the focus of our investigation. Regarding the preva-
lence of MINOCA in 2013, it is possible that patients
were misdiagnosed as myocarditis, since this entity
was recently introduced in clinical practice (increa-
sed awareness). It is undoubtful that those patients
need to be screened for other non-traditional risk fac-
tors and this paper is a part of our endeavor to start
investigating them as thrombophilia, homocysteine,
and more.
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Akutni infarkt miokarda kod bolesnika starosti do cetrdeset pet
godina: Sta se promenilo za deset godina?
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SAZETAK

Uvod/Cilj. Premda incidencija akutnog infarkta miokarda (AIM) u razvijenim zemljama opada zbog bolje
prevencije i efikasnijeg lecenja faktora rizika, povecava se udeo mladih bolesnika sa AIM-om. Cilj ovog
istrazivanja bio je da uporedi bolesnike starosti do 45 godina koji su doziveli akutni infarkt miokarda u
razmaku od deset godina kako bi se pokazalo da li se ucestalost AIM-a kod mladih povecala i da li je doslo
do promena u vezi sa faktorima rizika.

Materijal i metode. Retrospektivnim istrazivanjem obuhvaceni su bolesnici hospitalizovani na Klinici za
kardiologiju Univerzitetskog klinickog centra u Nisu sa dijagnozom AIM-a postavljenom u toku 2023. i 2013.
godine. Izdvojeni su bolesnici starosti do 45 godina iz obeju kalendarskih godina, a potom su uporedeni
ucestalost infarkta, faktori rizika za pojavu koronarne bolesti, na¢in prezentovanja i rasprostranjenost
koronarne bolesti zabeleZeni u pomenutim grupama.

Rezultati. Za deset godina povecao se ukupan broj bolesnika sa AIM-om koji se godiSnje hospitalizuju (985 :
1691). Znacajno je povecan udeo mladih bolesnika, od 18 (1,7%) 2013. godine na 57 (3,4%) 2023. godine (p =
0,008) i smanjena njihova prosecna starost (43,3 godine 2013 : 33,2 godine 2023; p = 0,02). Najmladi bolesnik sa
AIM-om 2013. godine imao je 31 godinu, a 2023. 25 godina. Znacajno je veci broj bolesnika iz grupe iz 2023.
godine koji je imao dislipidemiju (89,8% : 47,1%) i pozitivhu porodicnu anamnezu (87,8% : 47,1%). Kod
vecine bolesnika u obema grupama prepoznat je infarkt miokarda sa elevacijom ST- segmenta (engl. ST-
elevation myocardial infarction — STEMI). Takode, vecina je imala jednosudovnu bolest. U toku 2023. godine
povecan je broj mladih bolesnika sa trosudovnom boles¢u (5,3% : 0%).

Zakljucak. Udeo bolesnika starosti do 45 godina medu bolesnicima sa AIM-om u nasoj sredini povecao se u
prethodnih deset godina, dok su se minimalni broj godina u kojima se bolest javila i prosecna starost ove
grupe bolesnika smanjili. Takode, zabeleZena je veca ucestalost dislipidemije, herediteta i trosudovne
koronarne bolesti.

Kljucne reci: infarkt miokarda, mladi bolesnici, faktori rizika
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