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Abstract
The number of young patients diagnosed with non-ST elevation myocardial infarction (NSTEMI) is increasing
and more focused research on their profile and outcome is needed. We analyzed and compared data from
173 patients younger than 45 years of age, 139 patients with STEMI and 34 with NSTEMI) admitted for AMI
between January 2009 - December 2011; they were prospectively followed for up to 4 years (mean 3±1 years).
NSTEMI patients were older (41±4 years vs 39±5, p=0.02) and had a higher prevalence of dyslipidemia (82% vs
60%, p=0.01) than the young STEMI patients who also had higher levels of troponin I (58±51 vs 11±9ng/ml,
p<0.001) and a lower mean left ventricle ejection fraction (47±10% vs 54±95, p<0.001) than the NSTEMI young
patients. The Killip class ≥ II (in 19% of STEMI vs 15% of NSTEMI patients, p=0.1) and the mean BNP at presentation (313±452 in STEMI vs 297±483pg/ml in NSTEMI patients, p=0.8) were similar. Multivessel atherosclerotic coronary disease (48% of the NSTEMI patients) and significant stenosis of the circumflex artery (56%) were
more frequent in the young NSTEMI group. The PCI rate was significantly higher in the STEMI group (87%
vs 68%, p<0.01). Young NSTEMI patients had the same inhospital complications rate (32% vs 31% of STEMI
patients, p=0.9) and a similar 3-years survival without MACE (62% vs 74%) as the young STEMI group. In our
cohort of young patients, those with NSTEMI have similar risk profile and outcome but are less likely to benefit

from early revascularization procedures compared to the young STEMI group
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Background

The leading cause of death in the world, coronary
artery disease (CAD), is largely studied worldwide
however literature focusing on premature CAD and
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especially myocardial infarction (MI) is modest (1).
Consequences of this disease in young patients are
of most importance not just for the individual but
for the entire society. The current knowledge about
MI in young population suggest different presentation, risk factors and management, better inhospital
and short-term outcome than the older MI patients
(1,2,3,4). However limited, age-specific long-term
follow-up data show higher morbidity and mortality
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in young AMI survivors than in general population (5,6). Regardless of age, there is no difference
between the short outcome and longterm survival
of patients with ST-elevation MI (STEMI) versus
non-ST elevation type (NSTEMI) but the number
of young patients diagnosed with non-ST elevation
myocardial infarction (NSTEMI) is increasing and
more focused research on their clinical profile and
outcome is needed (2,3,7).
In our country, the registry RO-STEMI is providing information about profile, treatment and
inhospital outcome of the patients with STEMI (8)
but the data focusing on young patients and especially their mid and longterm outcome after an MI,
including NSTEMI, is limited (9).
Purpose

Our study aim is to compare the clinical, biological,
imagistic, therapeutic characteristics and the long
term outcome in patients younger than 45 years of
age with STEMI and NSTEMI.
Materials and Methods
Study group and data collection
Between 1 January 2009 and 31 December
2011, patients admitted in the two acute cardiac
units of “Sf. Pantelimon” Emergency Hospital and
Bucharest Emergency Hospital were screened and
173 consecutive patients met our study inclusion
criteria: age less than 45 years old, residence in
Romania, a diagnosis of acute myocardial infarction using the appropriate criteria established by
the current European guidelines (10) and complete
index event data. All of the studied patients provided an informed consent and agreed to participate in the follow-up. The study complied with the
Declaration of Helsinki regarding investigations
in humans and had the ethical approval of our
hospitals.
Our retrospective-prospective cohort study consisted of two phases: the index event hospitalization
and the post-discharge, yearly follow-up period. In
order to minimize data collection biases, the initial
AMI data were collected in a standardized form
from the patient’s original files:
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• for biological profile of the patients, only blood
samples collected immediately upon admission and
in the first 24 hours after the AMI onset and determined in the certified laboratories of both hospitals; were appropriate, normalization of the results
was done using the “location scale” formula (11);
• the electrocardiograms (ECG) were interpreted
by the same physician and only validated recordings performed at admission (prior to any treatment), after the revascularization procedure and
at discharged were used;
• echocardiographic parameters were measured
before discharge, according to the specifications
of the European Association of Cardiovascular
Imaging (12);
• diagnostic and therapeutic coronarographic
data were obtained from cath labs certified for
primary angioplasty
• the index event treatment, inhospital death rate
and complications (recurrent ischemia, arrhythmias, acute heart failure), the duration of hospitalization were also recorded
All discharged patients were followed up yearly, for
2 to 4 years, either by clinic visits or by phone/email.
When patients were not accessible data were obtained
from other medical resources or the National Medical Assurance Integrated Information System. The
patients with unknown or incomplete outcome information were not included in the survival analysis.
The cohort of young patients with AMI was
divided in two groups: patients that fulfilled the
criteria for ST elevation MI (STEMI) and another
group of patients diagnosed with non-ST elevation
MI (NSTEMI).
The primary clinical endpoint pursued was a composite of major cardiovascular adverse events (MACE):
cardiovascular death, subsequent myocardial infarction, and revascularization (percutaneous coronary
intervention - PCI or coronary artery bypass grafting
– CABG) and emergency cardiac readmissions.
Statistical analysis
The Microsoft Excel and SPSS software (Chicago, Illinois; Version 18.0) were used for all statistical analyses. Continuous variables are presented as
means ± standard deviation or medians with interquartile range (IQR). Categorical variables are presented as percentages and counts. For continuous
©The Author(s) 2019
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variables, the unpaired t-test or the Mann-Whitney
u test were employed according to their distribution. The likehood ratio, chi-square and the Fisher’s exact tests were used to account for differences
between categorical variables. The survival without
MACE was described using the Kaplan-Meyer survival function and the comparison between the two
studied groups was done with log-rank test. P value
of < 0.05 was considered significant.
Results

Between 2009 - 2011, 173 consecutive young
patients admitted for AMI in the two selected

emergency hospitals were included in the study; 139
(80%) patients met the criteria for STEMI and 34
patients (20%) had NSTEMI. The baseline characteristics and the comparisons between the two studied groups are summarized in Table 1.
NSTEMI patients were older and had a significantly higher prevalence of dyslipidemia than the
young STEMI patients. Female gender had the same
incidence in both groups. Regarding past medical
history of ischemic heart disease or peripheral arteriopathy, we found no difference between the two
groups but the patients with NSTEMI reported a
higher incidence of chronic kidney disease. Ischemic preconditioning has been demonstrated to influence the infarcted area and the degree of necrosis

Table 1. Comparison between baseline characteristics of young patients with STEMI versus NSTEMI
STEMI
(n=139)

NSTEMI
(n=34)

p-value

39±5

41±4

0.02

91 (127)

91 (31)

0.5

Family history of premature CVD % (no)

14 (20)

21 (7)

0.3

Hypertension

39 (54)

50 (17)

0.2

Dyslipidemia

60 (84)

82 (28)

0.01

Diabetes mellitus

13 (18)

15 (5)

0.5

Smoking % (no)

92 (128)

85 (29)

0.6

BMI ≥ 30 kg/m2 % (no)

34 (47)

44 (15)

0.5

Ischemic Heart disease %

10

15

0.3

Peripheral Artery disease %

6

9

0.3

Chronic kidney disease %

3

12

0.04

27 (38)

56 (19)

<0.01

19%

15%

0.1

Systolic Blood Pressure on admission (mean±SD,mmHg)

137±29

119±43

0.09

Diastolic Blood Pressure on admission
(mean±SD,mmHg)

82±18

88±13

0.01

Age (mean ± SD, years)
Male gender % (no)
Risk factors

Medical history

Preinfarction angina % (no)
Killip class ≥ 2

SD=standard deviation; no=number; CVD=cardiovascular diseases; BMI=body mass index; EMS=emergency medical system;
FMC=first medical contact (initial medical evaluation); IQR=interquartile range; *treatment=ballon/needle (STEMI) and anticoagulant therapy
(NSTEMI)
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(13); in our study, preinfarction angina (defined as
the appearance or aggravation of angina-like thoracic pain in the last week prior to AMI onset) was
present in more than half of the NSTEMI patients,
significantly more frequent than in the STEMI
group. Mean systolic blood pressure was similar
between groups but diastolic BP was significantly
lower in the STEMI group.
As expected, the young STEMI patients had
higher levels of troponin I and a lower mean left
ventricle ejection fraction than the NSTEMI young
patients but the Killip class ≥ II and the mean BNP
at presentation were similar. Elevated inflammatory markers are associated with rupture prone
atherosclerotic plaques and our young patient with
STEMI had higher levels of WBC and fibrinogen
compared with the NSTEMI group; admittance glucose was also higher even though the glycemic status was similar between the two groups. NSTEMI
patients were found to have a higher MPV which
is a marker of increased platelet activation and adhesivity. Serum Uric Acid is considered to be an

independent prognostic marker of cardiovascular
events and its level was also significantly higher in
the NSTEMI young patients (Table 2).
Regarding percutaneous intervention, we found
that the percentage of young patients with NSTEMI
treated invasively was lower than in the STEMI group
despite the fact that multivessel disease was significantly more often found in the young patients diagnosed with NSTEMI. There was a difference in the
culprit artery as well: left anterior descending artery
in the STEMI patients and circumflex artery in the
NSTEMI group which may partly explain the lack of
ST-elevation patterns in these patients (Table 3).
We found no difference between the in hospital event rates of the NSTEMI and STEMI young
patients (32% vs 31% of STEMI patients, p=0.9)
(Table 4).
After discharge, 80% of STEMI patients and
91% of the NSTEMI group were followed up for
3±1 years. Higher numbers of cardiovascular death,
subsequent MI and CABG were registered in the
NSTEMI group although the statistical significance

Table 2. Biological and imagistic profile of studied patients
STEMI
(n=139)

NSTEMI
(n=34)

p-value

12666±3988

10622±2973

<0.01

7.3±1.8

8.1±1.7

0.01

Fibrinogen (mean±SD, mg/dl)

429±194

303±100

<0.01

Blood glucose at presentation (mean ± SD, mg/dl)

147±74

119±43

<0.01

Fasting Blood glucose (mean ± SD, mg/dl)

100±2.8

109±42

0.4

Serum Uric Acid (mean±SD, mg/dl)

6.1±1.5

9.6±2.4

<0.001

Maximum Troponin I (mean±SD, ng/ml)

58±51

11±9

<0.001

313±452

297±483

0.8

LVEF (mean±SD, %)

47±10

54±9

<0.001

WMI (mean±SD)

1.5±0.4

1.2±0.3

<0.001

10

3

0.3

Lab findings
Admission White Blood Cell count (mean±SD, /
mm3)
Mean Platelet Volume (mean±SD, fL)

BNP (mean±SD, pg/ml)
Echocardiographic parameters

Mitral Regurgitation ≥ II/IV degree (%)

BNP=brain natriuretic peptide; LVEF=left ventricle ejection fraction; WMI=wall motion index
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Table 3. PCI and coronary significant lesions* characteristics according to the type of AMI
STEMI
(n=139)

NSTEMI
(n=34)

p-value

87 (121)

68 (23)

<0.01

Primary/early invasive PCI % (no)

47 (66)

3 (1)

<0.0001

Delayed PCI % (no)

16 (22)

27 (9)

0.1

Elective PCI % (no)

24 (33)

38 (13)

0.08

9 (11)

13 (3)

0.5

1 (1)

0 (0)

0.7

Left anterior descending artery

57 (43)

22 (2)

0.04

Circumflex artery

19 (14)

56 (5)

0.01

Right coronary artery

23 (17)

22 (2)

0.9

Multivessel disease % (no)

30 (35)

48 (11)

0.03

Any PCI % (no)

Coronary anatomy
No significant coronary lesions % (no)
Culprit artery % (no)
Left main

*= coronary stenosis > 50%; Any PCI =emergency and/or elective percutaneous coronary intervention for the initial AMI;
Primary/early invasive PCI= performed in the first 24 hours after symptom’s onset; Delayed PCI=PCI performed during the index hospitalization;
Elective PCI=PCI performed after the index hospitalization

was not met possible due to the relative low overall event rates that we found in the studied cohort
(Table 4).
Overall (inhospital + follow up) mortality was
9% in both AMI groups and there was a a similar 3-years survival without MACE (62% in the
NSTEMI group vs 74% in the young STEMI patients) (Figure 1)

In our study, which triggered data from two important emergency hospital in our country’s capital,
one fifth of patients was diagnosed with NSTEMI,
similar with the rates reported by other authors of

Discussion

Although youngs with AMI associate with greater
social and economical burden than older patients
there are few studies which analyze this population
characteristics and fewer that provide follow-up data.
Myocardial infarction in patients younger than 45
years of age accounts for less than 10 % of all hospitalized AMI worldwide (1,2,3,4); in Romania, 8.5%
of STEMI patients are young and to the present
there are no reported data regarding the incidence
of young patients with NSTEMI in our country (9).
©The Author(s) 2019

Figure 1: Survival without MACE according to AMI type
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Table 4. Index hospitalization and follow-up MACE
STEMI
(n=139)

NSTEMI
(n=34)

p-value

Death % (no)

4 (6)

0 (0)

0.2

Recurrent ischemia % (no)

12 (16)

15 (5)

0.6

Heart failure % (no)

16 (22)

12 (4)

0.5

Arrhythmias % (no)

11 (16)

12 (4)

0.9

n=111

n=31

Cardiovascular Death % (no)

4 (4)

10 (3)

0.1

Subsequent AMI % (no)

6 (7)

10 (3)

0.5

New revascularization % (no)

15 (17)

16 (5)

0.9

PCI % (no)

12 (13)

7 (2)

0.4

CABG % (no)

4 (4)

10 (3)

0.1

30 (33)

39 (12)

0.3

9 (10)

9 (3)

0.7

Index event hospitalization

Follow-up

Emergency cardiac readmissions % (no)
Overall mortality % (no)

MACE=major adverse cardiovascular events; PCI=percutaneous coronary intervention; CABG=coronary artery bypass grafting

approx. 25-30% (2,3,7). Most of the baseline characteristics between the two MI groups were similar,
with male predominance and clustering of atherosclerotic risk factors. Our NSTEMI patients were
older, more dyslipidemic and associated significant
comorbidities, like high diastolic blood pressure
and chronic kidney disease, which may explain also
the higher prevalence of multivessel involvement
found at PCI.
Compared with the data reported by other studies, our young patients with MI have similar rates
for hypertension (40% Poland, 45% USA), diabetes
(7% Poland, 19% USA) and obesity (21% Poland,
48% USA) but hyperlipidemia (56% USA, 33%
Poland) and smoking (52% USA, 74%- Poland) are
much more frequently in our patients (2,4), suggesting that targeted intervention to reduce smoking
and dyslipidemia may be needed in our young population to prevent CAD.
The laboratory findings in our MI patients, with
increased inflammatory and glycemic response in
the acute phase in STEMI patients and high uric
96

acid and platelet activation in NSTEMI patients,
sustain the hypothesis that there may be a different,
unknown trigger for the rupture of atherosclerotic
plaque and MI (14,15).
We found a significant disparity between the
mean LVEF of STEMI (47%) and NSTEMI (54%)
young patients, that is mild decline versus normal
systolic function. The values are similar to those reported by other authors, regardless of the region or
date of the study: 51% (Hoit, 1986), 47.6% (Doughty,
2002), 48.4% (Bangalore, 2012), 48% (Puricel, 2013),
52% (Jaquemin, 2010) (16,17,18,19, 20).
Regarding coronary catheterization and PCI,
our study showed some important aspects; first, a
definite, significant increase in the primary PCI
in STEMI young patients compared with the data
from RO-STEMI 1997-2009 (47% versus 7.37%,
9) but this value is still lower than the figures reported by USA (92%) and Poland (72%) (2,4). Other
important finding is that the young patients with
NSTEMI benefited much less of acute or elective
PCI even though they have a more extensive and
©The Author(s) 2019
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severe coronary atherosclerotic disease. Our rate
(68%) is much lower than that reported in other
young NSTEMI cohorts (91%, 2) and may explain
the MACE rate in short and longterm follow-up.
There is an open debate on early invasive versus
delayed PCI in young patients with NSTEMI who
usually have low TIMI risk but are also under-represented in clinical trials, therefore TIMI-based approach may not be valid for these patients (1,2).
The inhospital mortality (0% and 4% for NSTEMI
and STEMI group) is lower than that reported for
older STEMI Romanian patients (13.39%) but similar to that reported for the young subset of patients
in RO-STEMI (4.4%) and other studies (USA- 2.6%
and 3.4% for NSTEMI and STEMI young patients,
Poland- 1.6%, 3.7% - Spain) (21, 2,4,6)
There were no differences between the cumulative and singular MACE rate of young patients with
NSTEMI compared with those with NSTEMI, finding analogous with other studies (2,3,4,7).
Prior studies of long-term follow-up of young MI
patients demonstrated a higher mortality (25-30%)
than the general population of the same age which was
predicted by diabetes, smoking, LVEF less than 45%
and the presence of peripheral artery disease (5,6).
In our study, after a mean 3 year follow up
the death rate was 4% and 10% in STEMI and
NSTEMI patients and the survival without MACE
was also impaired (Figure 1), similar with Japanese
and American reports (22,23).
Our study is a retrospective-prospective, observational analysis of the baseline characteristics,
management and medium-term outcome of a cohort of young Romanian patients with AMI. The
results are comparable with those already published
worldwide, suggesting that AMI in young population has the similar features regardless of race or
location.
Also, we have demonstrated for the first time
in Romania that despite different management,
the inhospital and long-term prognosis of young
NSTEMI patients is comparable to that of young
STEMI patients, consistent with worldwide prior
reports (2,3,4,22).
There are several limitations of our study. We
included a relative small number of patients (especially young women), but comparable to that of
other similar studies. The patients were collected
from only two emergency hospitals in the same city
©The Author(s) 2019

even though they attend a larger array of population.
Some patients were transferred from other hospitals
so admission data were lacking or they didn’t met
the protocol criteria. Because of the observational
character of this survey some parameters regarding
the underlying etiology, metabolic and rheological
profile of young patients were not available. In conclusion we can not generalize our findings to the
entire young Romanian AMI patients.
Conclusion

In our cohort of young patients, those with NSTEMI
have similar risk profile, inhospital and long-term
outcome but are less likely to benefit from early revascularization procedures compared to the young
STEMI group
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