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There are several differences between younger and older adults with acute coronary 
syndrome (ACS). However, few studies have evaluated these differences. We 
analysed the pre-hospital time interval [symptom onset to first medical contact 
(FMC)], clinical characteristics, angiographic findings, and in-hospital mortality in 
patients aged  ≤50 (group A) and 51–65 (group B) years hospitalised for ACS. We 
retrospectively collected data from 2010 consecutive patients hospitalised with ACS 
between 1 October 2018 and 31 October 2021 from a single-centre ACS registry. 
Groups A and B included 182 and 498 patients, respectively. ST-segment elevation 
myocardial infarction (STEMI) was more common in group A than group B (62.6 and 
45.6%, respectively; P < 0.001). The median time from symptom onset to FMC in 
STEMI patients did not significantly differ between groups A and B [74 (40–198) and 96 
(40–249) min, respectively; P = 0.369]. There was no difference in the rate of sub- 
acute STEMI (symptom onset to FMC > 24 h) between groups A and B (10.4% and 9.0%, 
respectively; P = 0.579). Among patients with non-ST elevation acute coronary 
syndrome (NSTE-ACS), 41.8 and 50.2% of those in groups A and B, respectively, 
presented to the hospital within 24 h of symptom onset (P = 0.219). The prevalence 
of previous myocardial infarction was 19.2% in group A and 19.5% in group B (P =  
1.00). Hypertension, diabetes, and peripheral arterial disease were more common in 
group B than group A. Active smoking was more common in group A than group B (67 
and 54.2%, respectively; P = 0.021). Single-vessel disease was present in 52.2 and 
37.1% of participants in groups A and B, respectively (P = 0.002). Proximal left 
anterior descending artery was more commonly the culprit lesion in group A 
compared with group B, irrespective of the ACS type (STEMI, 37.7 and 24.2%, 
respectively; P = 0.009; NSTE-ACS, 29.4 and 21%, respectively; P = 0.140). The 
hospital mortality rate for STEMI patients was 1.8 and 4.4% in groups A and B, 
respectively (P = 0.210), while for NSTE-ACS patients it was 2.9 and 2.6% in groups A 
and B, respectively (P = 0.873). No significant differences in pre-hospital delay were  
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found between young (≤50 years) and middle-aged (51–65 years) patients with ACS. 
Although clinical characteristics and angiographic findings differ between young and 
middle-aged patients with ACS, the in-hospital mortality rate did not differ between 
the groups and was low for both of them.

Introduction

The prevalence of acute coronary syndrome (ACS) among 
young adults is increasing.1–7 The time from symptom 
onset to treatment predicts the long-term outcomes of 
these patients.8–10 However, this time differs according 
to age.

In general, older patients (aged > 65 years) have longer 
pre-hospital delays compared with younger patients. 
However, previous studies have shown conflicting 
results, with some showing no age-related difference 
and others showing longer pre-hospital delays among 
younger compared with older patients.11–13

Although the clinical outcomes of older patients with 
ACS differ according to their clinical and angiographic 
characteristics, less is known about such differences in 
younger patients.11,13–16

We conducted a retrospective analysis of the difference 
in time from symptom onset to first medical contact 
(FMC), clinical and angiographic characteristics, and 
in-hospital outcome in younger (aged  ≤50 years) and 
middle-aged (aged 51–65 years) patients hospitalised in a 
high-volume percutaneous coronary intervention (PCI) 
centre in central Europe.

Methods

A prospective registry of consecutive ACS patients admitted to the 
University Hospital Královské Vinohrady Cardiocentre in Prague, 
Czech Republic, was created in September 2018 and has been 
described previously.17 We defined ACS based on the European 
Society of Cardiology guidelines for ST-segment elevation 
myocardial infarction (STEMI) and ACS without persistent ST 
elevation acute coronary syndrome [(non-ST elevation acute 
coronary syndrome (NSTE-ACS)].18,19 STEMI patients with a time 
between symptom onset and FMC [including the time spent 
performing an electrocardiogram (ECG)] > 24 h and typical 
features were considered to have sub-acute STEMI.

We retrospectively analysed the medical records and 
angiographic findings of patients aged  65 years diagnosed with 
ACS between 1 October 2018 and 31 October 2021. We 
calculated the time from symptom onset to FMC based on the 
time to first ECG in STEMI patients and time to first documented 
medical contact in NSTE-ACS patients. Patients with Takotsubo 
syndrome or missing basic anamnestic data were excluded.

Symptom onset was defined based on the anamnestic data as 
initial chest or epigastric pain or discomfort lasting  ≥ 15 min. 
Patients were screened for out-of-hospital cardiac arrest 
(OHCA). We analysed the anamnestic data and previous 
symptoms reported by family members and/or bystanders to 
identify patients with OHCA as the first manifestation of ACS.

The time from symptom onset to FMC in STEMI patients was 
calculated (in min) for up to 24 h. NSTE-ACS patients were divided 
into six subgroups based on the time from symptom onset to FMC 
(<12 h, 12–24 h, 25–48 h, 49–72 h, 3–7 days, and  >7 days).

The angiograms were independently re-evaluated and the 
culprit lesion was defined based on the ECG, echocardiographic, 
and angiographic findings. The SYNTAX score was used to 
identify the culprit vessel segments. In cases with an extended 
lesion, the proximal segment was selected. The severity of the 
lesion was estimated by visual inspection.

Patients were categorised into younger (group A; aged  ≤ 50 
years) and middle-aged (group B; aged 51–65 years) groups.20

We compared the pre-hospital time interval (symptom onset to 
FMC), clinical characteristics, angiographic findings, and 
in-hospital mortality between the groups.

Statistical analysis
Continuous variables are presented as means and standard 
deviations in figures and tables. Differences between the groups 
were tested using Student’s t-test or the Mann–Whitney U-test. 
Chi-square test or Fisher’s exact test was used to detect 
differences in categorical variables between the groups. P <  
0.05 was considered statistically significant. Statistical analyses 
were performed using SPSS software (version 26.0; IBM Corp., 
Armonk, NY, USA). Graphical analyses were performed using 
SigmaPlot (version 14.0; SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics
The study registry included 2010 consecutive patients 
diagnosed with ACS during the 3-year study period. We 
further evaluated 182 patients aged  ≤50 years (group A) 
and 498 patients aged 51–65 years (group B). Table 1
presents the clinical characteristics of the study 
participants. Non-ST elevation acute coronary syndrome 
and its risk factors, such as diabetes, arterial 
hypertension, and peripheral arterial disease, were 
more common in group B than group A. Active smoking 
was more common in group A than group B.

Interestingly, the frequency of previous myocardial 
infarction was comparable between groups A and B (19.2 
and 19.5%, respectively; P = 1.00). Out-of-hospital 
cardiac arrest was similar between the groups (Table 1).

Time from symptom onset to first medical 
contact
For patients with acute STEMI, the median time from 
symptom onset to FMC was 74 (40–198) min in group A 
and 96 (40–249) min in group B (P = 0.369; Figure 1). The 
prevalence of sub-acute STEMI was similar between 
groups A (10.4%, n = 19) and B (9.0%, n = 45; P = 0.579).

The time of symptom onset was unknown in 8.8% (n = 10) 
and 11% (n = 20) of patients in groups A and B, respectively. 
Similarly, 3.5% (n = 4) and 3.8% (n = 19) of patients with 
STEMI in groups A and B, respectively, presented with 
OHCA as the first manifestation of ACS without prior 
symptoms reported by family members and/or bystanders.
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There were no differences in pre-hospital delay between 
NSTE-ACS patients. In groups A and B, 41.8% (n = 28) 
and 50.2% (n = 136) of patients, respectively, presented 
to the hospital within 24 h of symptom onset (P = 0.219). 
More detailed distribution of pre-hospital delay in 
NSTE-ACS patients is presented in Figure 2.

Angiographic findings
Single-vessel disease was more common in group A than 
group B, as indicated in Table 1. The proximal left 
anterior descending (LAD) artery was the culprit lesion 
for STEMI more often in younger than middle-aged 
patients [37.7% (n = 43) in group A and 24.2% (n = 55) in 
group B; P = 0.009], while there was no significant 
difference between younger and middle-aged patients 
with NSTE-ACS [29.4% (n = 20) in group A and 21.0% (n =  
57) in group B; P = 0.140]. Table 2 presents detailed 
angiographic analysis of culprit segments according to 
participant age and ACS type.

Treatment strategy
Primary PCI for STEMI was performed in 94.7% (n = 108) 
and 93.8% (n = 213) of patients in groups A and B, 
respectively (P = 0.737). The PCI rate for NSTE-ACS was 
79.4% (n = 54) and 74.5% (n = 202) for patients in groups 

A and B, respectively. Surgical revascularization for 
NSTE-ACS was performed in 13.2% (n = 9) and 22.5% (n =  
61) of patients in groups A and B, respectively (P = 0.091).

In-hospital mortality
ST-segment elevation myocardial infarction patients in 
group A had a statistically non-significant lower 
mortality rate (1.8%, n = 2) compared with those in 
group B (4.4%, n = 10; P = 0.210). The mortality rate for 
NSTE-ACS patients was similar between groups A and B 
[2.9% (n = 10) and 2.6% (n = 7), respectively; P = 0.873].

The overall mortality rate for ACS was 2.2% (n = 4) in 
group A and 3.4% (n = 17) in group B (P = 0.430).

Discussion

Our single-centre registry analysis had several important 
findings regarding younger patients with ACS.

First, several patients have known risk factors of ACS and 
one-fifth of patients had a history of previous myocardial 
infarction, suggesting the need to improve primary and 
secondary prevention in the central European region.

A previous Asian registry showed an incidence of 7.5% of 
acute myocardial infarction in young patients (aged  ≤50 
years) with STE-ACS.21 A subgroup of New Zealand and 

Table 1 Baseline characteristics

Group A Group B P value
n = 182 (%) n = 498 (%)

Age (mean) 45.3 years 58.8 years
Male 142 (78.0) 401 (80.5) 0.47
Type of ACS <0.0001
STEMI 114 (62.6) 227 (45.6)
NSTE-ACS 68 (37.4) 271 (54.4)
Hypertension 86 (47.3) 300 (60.2) 0.003
Dyslipidemy 59 (32.4) 199 (40.0) 0.075
Peripheral artery disease 2 (1.1) 34 (6.9) 0.002
History of myocardial infarction 35 (19.2) 97 (19.5) 1.00
Pulmonary disease 14 (7.7) 54 (10.8) 0.25
Diabetes 30 (16.5) 131 (26.3) 0.008
Diet 8 (4.4) 23 (4.6)
Oral anti-diabetics 15 (8.2) 78 (15.7)
Insulin 7 (3.8) 30 (6.0)
History of stroke 3 (1.6) 28 (5.6) 0.035
Smoking 0.021
Active 122 (67) 270 (54.2)
Ex-smoker 27 (14.8) 98 (19.7)
No. vessel disease 0.002
Single vessel 95 (52.2) 185 (37.1)
Two vessel 45 (24.7) 156 (31.3)
Three vessel 42 (23.1) 157 (31.5)
Ejection fraction—mean % (standard deviation) 49.2% (±10.3) 48.6% (±11.1) 0.257
OHCA 12 (6.6%) 39 (7.8%) 0.742
Killip class 0.065
I 167 (92.8) 429 (86.1)
II 5 (2.8) 33 (6.6)
III 1 (0.6) 13 (2.6)
IV 7 (3.8) 23 (4.6)

ACS, acute coronary syndrome; NSTE-ACS, non-ST elevation acute coronary syndrome; OHCA, out-of-hospital cardiac arrest; STEMI, ST elevation 
myocardial infarction.
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Figure 1 Symptoms onset to first medical contact in acute ST elevation myocardial infarction.

Figure 2 Symptoms onset to first medical contact in non-ST elevation acute coronary syndrome.
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Middle East populations showed a higher incidence of 
previous acute myocardial infarction in ACS patients 
aged  <50 years (10.4 and 14.1%, respectively).22,23 The 
large ISACS-TC registry showed an incidence of previous 
acute myocardial infarction of 10.7% among patients 
aged ≤ 45 years. In contrast, a small registry of patients 
with a median age of 50 years showed an incidence of 
previous acute myocardial infarction of 27%.24 Compared 
with previous studies, our study revealed a higher 
incidence of arterial hypertension among ACS patients 
aged  ≤50 years, suggesting that the young patients in 
our registry have a substantially high risk of coronary 
artery disease. This is explained by the fact that the 
Czech Republic is a high-risk country for cardiovascular 
mortality (≥150/100 000 per year).25

Second, pre-hospital time delays from symptom onset 
were acceptable and similar in both groups of STEMI 
patients. Additionally, almost half of the NSTE-ACS 
patients had their FMC within the first 24 h.

STEMI patients have shorter pre-hospital delays 
compared with NSTE-ACS patients. The median total 
ischaemic time for STEMI patients was 185–200 min in 
large UK and Swedish registry studies and randomised 
trials.10,26 Older age, hypertension, diabetes, left 
circumflex artery as the culprit vessel, and female sex 
are associated with longer total ischaemic time.10,27

However, the total ischaemic time is significantly 
influenced by medical system-related variables. 
Therefore, analysis of the time from symptom onset to 
FMC can be used to explore the patients’ role in 

pre-hospital delays. Despite significant efforts aimed at 
public education and interventions with encouraging 
results,28,29 the large REACT trial, a 4-year multi-site 
community intervention study, did not observe a 
significant reduction in pre-hospital delay, suggesting 
limited power of such interventions.30

In STEMI patients, the time from symptom onset to FMC 
is around 70 min with additional delays observed in 
patients aged  >65 years. In NSTEMI patients symptom 
onset to FMC exceeding 120 min.31–33 Erol et al.27 found 
that the median time from symptom onset to FMC was 
47 min, which was further increased in patients aged  
>55 years. Canadian and Egyptian STEMI registry studies 
showed a median difference between the time from 
symptom onset of 88 min, suggesting a role of 
socio-economic factors.34

Our results revealed a slightly longer mean time from 
symptom onset to FMC for STEMI patients in both age 
groups. Importantly, there is no clear definition of 
sub-acute STEMI. European guidelines define sub-acute 
STEMI as presentation within 12–48 h after symptom 
onset.24 However, previous registries vary in their 
definition of sub-acute STEMI. Therefore, the use of a 
cut-off time of 24 h to define sub-acute STEMI may have 
caused a mild increase in the delay, which does not 
necessarily indicate an overall increase in the delay in 
our study population compared with available data.

Of the 6544 NSTEMI patients included in the Korea Acute 
Myocardial Infarction Registry, 27.9% had a time from 
symptom onset to FMC  ≥24 h. Predictors of pre-hospital 

Table 2 Angiography characteristics of culprit lesions

Type of ACS STEMI NSTE-ACS

Group A Group B Group A Group B
n = 114 (%) n = 227 (%) n = 68 (%) n = 271 (%)

Coronary segment
Left main 0 (0.0) 4 (1.8) 1 (1.5) 10 (3.7)
Proximal LAD 43 (37.7) 55 (24.2) 20 (29.4) 57 (21.0)
Mid-LAD 9 (7.9) 35 (15.4) 6 (8.8) 29 (10.7)
Distal LAD 1 (0.9) 2 (0.9) 2 (2.9) 3 (1.1)
First diagonal 6 (5.3) 8 (3.5) 5 (7.4) 17 (6.3)
Second diagonal 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.7)
Proximal Cx 5 (4.4) 11 (4.8) 6 (8.8) 29 (10.7)
Intermediate 1 (0.9) 3 (1.3) 2 (2.9) 6 (2.2)
First marginal 7 (6.1) 13 (5.7) 7 (10.3) 29 (10.7)
Second marginal 3 (2.6) 3 (1.3) 4 (5.9) 7 (2.6)
Distal Cx 2 (1.8) 4 (1.8) 0 (0.0) 5 (1.8)
Left posterolateral 1 (0.9) 3 (1.3) 0 (0.0) 1 (0.4)
Posterior descending (LCA) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0)
Proximal RCA 11 (9.6) 36 (15.9) 6 (8.8) 28 (10.3)
Mid-RCA 14 (12.3) 29 (12.8) 5 (7.4) 32 (11.8)
Distal RCA 6 (5.3) 13 (5.7) 2 (2.9) 11 (4.1)
Posterior descending 2 (1.8) 5 (2.2) 1 (1.5) 2 (0.7)
Posterolateral (RCA) 3 (2.6) 2 (0.9) 1 (1.5) 3 (1.1)

Severity of lesion
100% 64 (56.1) 116 (51.1) 12 (17.6) 44 (16.2)
90–99% 42 (36.8) 98 (43.2) 32 (47.1) 151 (55.7)
70–89% 8 (7.0) 13 (5.7) 24 (35.3) 76 (28.0)

ACS, acute coronary syndrome; Cx, circumflex artery; LAD, left anterior descending; LCA, left coronary artery; NSTE-ACS, non-ST elevation acute 
coronary syndrome; RCA, right coronary artery; STEMI, ST elevation myocardial infarction.
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delay were older age, female sex, atypical chest pain, 
dyspnoea, diabetes, and no use of emergency medical 
service.35 The higher all-cause mortality rate in this 
subgroup was independent of age, sex, and other risk 
factors, such as hypertension, diabetes, chronic kidney 
disease, and left ventricular dysfunction. Our analysis 
showed that a substantially higher percentage of 
patients with NSTE-ACS had a time from symptom onset 
to FMC  ≥24 h, irrespective of age. Almost half (49.8%) of 
the patients aged  >50 years and 58.9% of those aged   
<50 years had a time from symptom onset to FMC  ≥24 h. 
However, according to guidelines,25 our study population 
also included patients with unstable angina pectoris.

Out-of-hospital cardiac arrest affects 6.8–7.5% of STEMI 
patients and only around half of patients have prodromal 
symptoms. This is in accordance with our findings, in 
which OHCA was the first manifestation of STEMI and 
there was no evidence of prodromal symptoms in 3.5 and 
3.8% of the patients in groups A and B, respectively.36–38

Third, angiographic findings differ between age groups. 
The culprit lesions are more commonly located in proximal 
segments,39 with the LAD artery being the most frequently 
involved. There is a higher incidence of LAD artery culprit 
lesions in younger patients (45.6–61.6%); typically in 
patients with STEMI.14,16,40 Our data suggest that 
single-vessel disease and proximal LAD culprit segment 
are more common in younger than middle-aged patients, 
irrespective of ACS type.

Finally, younger patients with ACS had a very low 
in-hospital mortality rate. Age is one of the factors that 
influences in-hospital mortality. It is reported a very low 
in-hospital mortality rate in patients with ACS  <40 years 
(<1%).40 Patients aged  <45 years with STEMI have an 
in-hospital mortality rate around 1%, however, including 
only patients treated by PCI.14,15 Previous national 
registry studies of myocardial infarction reported 
in-hospital mortality rates of 5.8–8.8%.26 Our analysis 
revealed a lower in-hospital mortality rate in younger 
STEMI compared with middle-aged patients, albeit 
without statistical significance. In contrast, the 
mortality rate of NSTE-ACS patients did not differ 
according to age.

Limitations

Our study had several limitations. First, this was a 
single-centre retrospective analysis based on data 
collected from consecutive ACS patients over 3 years; 
therefore, the study had a small sample size and the 
number of participants varied among age groups. 
Second, our analyses may have been biased. Patients 
without sufficient anamnestic data were excluded from 
the analysis, although this was applicable to  <10% of 
patients. Finally, each episode of ACS was recorded as an 
event; therefore, the same patient may have been 
included in the analysis repeatedly if another ACS has 
occurred within the study period. Larger multi-centre 
registries may need to be analysed to verify the results.

Conclusion

We performed a single-centre registry study of 
consecutive patients with ACS from a central European 

country during a 3-year follow-up. The prevalence of 
myocardial infarction was high among young patients. 
There were no significant differences in the time from 
symptom onset to FMC between young and middle-aged 
STEMI patients. A high prevalence rate of traditional 
risks factors of ACS and risk of a second cardiovascular 
event in younger patients highlight the need to improve 
primary and secondary prevention in our region. 
Although the clinical characteristics and angiographic 
findings differ between younger and middle-aged 
patients with ACS, the in-hospital mortality rate did not 
differ and was very low in both groups.
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