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Background: There are few data regarding acute coronary syndrome (ACS) in young adults. ACS in young
adults may have some characteristics that are different from those in older patients.

Objective: The purpose of the present study was to assess the frequency, risk factors, presenting symptoms,
treatment, complications and in-hospital outcomes of young patients with ACS in Thailand compared with
those of older patients.

Material and Method: From the Thai ACS registry database of 9,373 consecutive patients admitted to partici-
pating hospitals between August 1, 2002 and October 31, 2005, the authors divided patients into three age
categories: < 45 years, 45-54 years and > 54 years. Risk factors, presenting symptoms, type of ACS, manage-
ment, complications and in-hospital outcomes of the 3 age groups were analyzed.

Results: Young patients comprised of 5.8% (544 patients) of all ACS patients. Discharge diagnosis in the
young group was ST segment elevation myocardial infarction (STEMI) in 67%, non-ST segment elevation
myocardial infarction (NSTEMI) 20% and unstable angina 14%. The young patients were more likely to have
an STEMI than their elder counterparts. Risk factors such as tobacco use and a family history were more
frequent in the young patients, whereas diabetes and hypertension were less frequent. Importantly, 66% of the
patients aged <45 years had a history of tobacco use. A higher percentage of the young patients underwent
coronary angiography, percutaneous coronary intervention and received aspirin, thienopyridines, GP IIb/
Illa antagonists, beta-blockers and statins. In STEMI patients, reperfusion therapy was given more frequently
in the patients aged < 45 years. Younger patients had a lower in-hospital mortality rate, lower incidence of
congestive heart failure and a shorter length of stay. Multivariable analysis of in-hospital mortality revealed
that older age remained an independent predictor of death.

Conclusion: In Thailand, 5.8% of patients with ACS are under the age of 45 years old. The frequency of risk
factors in the young patients differs from those in their elderly counterparts. The current management and
aggressive risk factor modification are quite good and the overall mortality is lower in young adults with ACS
compared to their elder counterparts. Primary preventive measures aimed at preventing our youth from
adopting tobacco use should be implemented nationally.
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The majority of acute coronary syndromes 5-10% of myocardial infarctions (MI) occur in patients
(ACS) occur in individuals > 45 years old. However, younger than 46 years old. Although MI’s in younger
patients are generally associated with a favorable prog-
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and mortality in what should be the most productive
years of life.

Previous studies have found MI in younger
adults to be more likely associated with a history of
smoking@®*9, hypercholesterolemia®%”, a family
history®® and less likely to have a history of preced-
ing angina®?. Angiographically, normal or minimal
lesion coronary anatomy was more frequently found
in the younger patients®5?,

Certain ethnic groups may have higher risks
of cardiovascular disease than others®. In Thailand,
ACS in young adults has not been extensively stud-
ied®. Thus, the Thai ACS registry provides a unique
contemporary database to study the epidemiologic pro-
file of young patients in Thailand.

In the present study, the authors divided the
patients enrolled in the Thai ACS registry into three
age categories, those <45 years old, those 45-54 years
old and those > 54 years old. With a goal to determine
the proportion of young adults with ACS and to provide
an overview of differences and similarities in frequency,
characteristics, management and in-hospital outcomes
of very young adults compared to their older counter-
parts with ACS in Thailand. These results may have
direct implications for future primary and secondary
prevention strategies in patients at risk for premature
coronary disease.

Material and Method

The Thai ACS registry is a national, multi-
center, prospective registry. Sixteen institutions across
the country (comprised of 10 Bangkok academic hos-
pitals, three regional academic hospitals and four private
hospitals) participated. Patients who presented within
14 days of chest pain or other symptoms suggestive of
ACS were prospectively and consecutively enrolled.
Data from 9,373 patients with ACS who were admitted
to a participating hospital between August 1, 2002 and
October 31, 2005, were collected. In the current study,
the authors divided the patients enrolled in the Thai
ACS registry into three age categories, those <45 years
old, those 45-54 years old and those > 54 years old.

Patients were diagnosed with one of the
following 1) ST segment elevation MI (STEMI) 2) Non-
ST segment elevation MI (NSTEMI) 3) Unstable angina
with ST-T wave changes. STEMI was diagnosed by
having elevated biochemical markers of myocardial
necrosis and ECG changes demonstrating either: 1) ST-
segment elevation > 1 mm in two consecutive leads or
2) new or presumed new left bundle branch block.
NSTEMI was determined by elevated biochemical
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markers of myocardial necrosis and either: 1) ischemic
symptoms compatible with ACS or 2) ST-segment
depression or T wave abnormalities. Unstable angina
was defined as ischemic symptoms compatible with
ACS and ST-segment depression or T wave abnor-
malities.

Data collection

Patient’s clinical, demographics, treatments
and outcome data were collected by trained cardiac
nurses and transcribed onto standard data forms and
web-base data entry forms.

Demographic variables included gender and
age. Dyslipidemia, diabetes, hypertension, history of
tobacco use and family history were used to charac-
terize risk factors. Diabetes was diagnosed when fast-
ing plasma glucose was 126 mg/dL or higher on at least
two occasions or the presence of a history of diabetes
treated either with dietary control or antidiabetic medi-
cation. Hypertension was defined as systolic blood
pressure > 140 mmHg or diastolic blood pressure > 90
mmHg or a previous diagnosis of hypertension. Dys-
lipidemia was diagnosed when total cholesterol was >
200 mg/dL, LDL cholesterol > 130 mg/dL, HDL choles-
terol <40 mg/dL or a previous diagnosis of dyslipidemia
and/or currently being treated with a lipid lowering
agent. Tobacco use was defined by the habitual use of
tobacco within two years of index hospital admission.
Presenting symptoms were recorded as typical angina,
atypical angina, dyspnea, cardiogenic shock, and/or
cardiac arrest. Reperfusion strategy in STEMI included
use of thrombolytic therapy, primary percutancous
coronary intervention (PCI) or coronary artery bypass
graft surgery (CABG). Procedural data included coro-
nary angiography, CABG and PCI. Medical management
included the use of aspirin, thienopyridine, heparin,
low-molecular weight heparin, GP IIb/I11a antagonist,
angiotensin-converting enzyme inhibitor, beta-blockers,
calcium channel blocker, angiotensin receptor blocker,
nitrates and statins. In-hospital complications included
major bleeding, congestive heart failure, cardiogenic
shock, ischemic and hemorrhagic stroke, arrhythmias
and death. Cardiac arrhythmia was classified as heart
block (at least 2" degree AV block) or ventricular
arrhythmia (either sustained ventricular tachycardia or
ventricular fibrillation). In-hospital death was catego-
rized as cardiac or non-cardiac death.

This protocol was approved by the hospital
ethics committee of each participating hospital and
is in accordance with the Declaration of Helsinki.
Informed consent was obtained from every patient.
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Statistical analysis

Categorical variables were described as fre-
quency and percentages. Continuous variables were
presented as mean + standard deviation or median
(minimum and maximal) or interquartile range as appro-
priate. Association between risk factors and age groups
was assessed by using Chi-square test. Kruskal-Wallis
one-way analysis of variance was used testing equality
of population medians among three age groups. Multi-
ple Logistic regression analyses were used to adjust
for factors influencing in-hospital death. The following
variables were examined: diabetes mellitus, use of aspi-
rin, thienopyridine, beta-blocker, angiotensin-receptor
blocker, lipid lowering agent, calcium channel and age
group. All statistical tests were 2-tailed with p-value
< 0.05 considered statistically significance. Statistical

analysis was performed using STATA version 8 (Stata
Corp, College Station, Texas).

Results

The 9,373 patients were divided into three
categories by age: < 45 years, 45-54 years and > 54
years. Fig. 1 illustrates the age distribution of the total
ACS patient population. Five hundred and forty four
(5.8%) patients were less than 45 years old and the
majority (78%) was over 54 years old. The youngest
patient in the study was 22.8 years old and the oldest
was 105.5 years old. All age groups were predominantly
male with a higher proportion of males in the young
group (Table 1).

Risk factors differed significantly among the
three age groups (Table 1). In patients < 45 years old

Table 1. Risk factors for acute coronary syndrome according to age group

Characteristics <45y 45-54y >S54y p-value
n =544, n (%) n=1,518,n (%) n=7311,n (%)
Gender (male) 464 (85.3) 1,146 (75.5) 3,995 (54.6) <0.001
Diabetes 118/536 (22.0) 572/1,494 (38.3) 3,380/7,181 (47.1) <0.001
Hypertension 163/534 (30.5) 769/1,506 (51.1) 5,005/7,247 (69.1) <0.001
Dyslipidemia 393/508 (77.4) 1,110/1,441 (77.0) 5,064/6,765 (74.9) 0.123
Tobacco use 353/536 (65.9) 744/1,480 (50.3) 1,826/7,122 (25.6) <0.001
Family history 112/475 (23.6) 228/1,300 (17.5) 533/5,988 (8.9) <0.001
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Fig. 1 Age distribution of total acute coronary syndrome patients
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66% were smokers and this percentage decreased with
increasing age (p <0.001). Younger patients were more
likely to have a family history of coronary disease (p <
0.001) and were less likely to have diabetes or hyper-
tension (p <0.001).

Presenting symptoms are illustrated in Table 2.
Younger patients were more likely to present with
typical angina (p <0.001). There were no differences in
the percentage of patients who presented with cardio-
genic shock or syncope, however, the overall numbers
were small.

Younger patients were more likely to have an
STEMI (Fig. 2). The incidence of STEMI in patients
<45 years, 45-54 years and > 54 years old were 67.3%,
54.9% and 36.0% respectively. Among young patients,
rates of STEMI, NSTEMI and UA were 67.3%, 19.3%

Table 2. Presenting symptoms according to age group

and 13.4% respectively.

Pharmacological treatment is shown in
Table 3. Patients < 45 years old were more likely to
receive aspirin, thienopyridine, GP IIb/Il]a antagonists,
beta-blockers and statins, whereas they were less
likely to receive nitrates and calcium channel blockers.
There were no significant differences in the use of
heparin, low-molecular weight heparin and ACE in-
hibitors across all age categories.

When invasive diagnostic and therapeutic
procedures were analyzed (Table 4), coronary angio-
graphy and PCI were preformed more frequently (p <
0.001) in patients aged <45 years old, whereas CABG
was performed less frequently (p =0.01). Importantly,
non-significant CAD was found more frequently in the
younger patients (p =0.001).

Symptoms <45y 45-54y >S54y p-value
n=>544,n (%) n=1,518,n (%) n="7311,n (%)
Typical angina 402/466 (86.3) 1,103/1,283 (85.9) 4,641/6,069 (76.5) <0.001
Atypical angina 42/466 (9.0) 130/1,283 (10.1) 826/6,069 (13.6) <0.001
Chest pain 519/544 (95.4) 1,450/1,518 (95.5) 6,520/7,311 (89.2) <0.001
Dyspnea 56/394 (14.2) 208/1,103 (18.9) 1,841/5,333 (34.5) <0.001
Cardiogenic shock 41/544 (7.5) 131/1,518 (8.6) 699/7,311 (9.6) 0.182
Cardiac arrest 34/544 (6.3) 80/1,518 (5.3) 281/7,311 (3.8) 0.002
Syncope 14/316 (4.4) 55/868 (6.3) 212/4,091 (5.2) 0.297
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Fig. 2 Diagnosis according to age group
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Table 3. Pharmacological treatment

Treatment <45y
n =544, n (%)

ASA 534 (98.2)
GP IIb/IIa inhibitor 97 (17.8)
Heparin 132 (24.3)
LMWH 292 (53.7)
Ca++ blocker 56 (10.3)
Nitrate 432 (79.4)
Beta-blocker 393 (72.2)
ACEI 318 (58.5)
ARB 19 (3.5)
ACEI + ARB 332 (61.03)
Statin 445 (81.8)
Other lipid lowering agents 24 (4.4)

ADP inhibitor 346 (63.6)

45-54y >S54y p-value
n=1,518,n (%) n="7311,n (%)

1,478 (97.4) 6,868 (93.9) <0.001
222 (14.6) 681 (9.3) <0.001
355(23.4) 1,679 (23.0) 0.756
905 (59.6) 4,548 (62.2) <0.001
226 (14.9) 1,629 (22.3) <0.001

1,295 (85.3) 6,122 (83.7) 0.006

1,068 (70.4) 4,392 (60.1) <0.001
920 (60.6) 4,178 (57.2) 0.043

86 (5.7) 633 (8.7) <0.001
977 (64.36) 4,601 (62.93) 0.347
1,284 (84.6) 5,760 (78.8) <0.001
64 (4.2) 273 (3.7) 0.528
949 (62.5) 4,162 (56.9) <0.001

LMWH = low molecular weight heparin, ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin receptor

blocker

Table 4. Coronary angiogram and revascularization

Angiogram <45y
n=>544,n (%)
Coronary angiogram 350 (64.3)
Patients with significant CAD 317 (90.6)
CABG 22 (4.0)
PCI 228 (41.9)

45-54y >S54y p-value
n=1,518,n (%) n=7311,n (%)

916 (60.3) 3,616 (49.5) <0.001

866 (94.5) 3,459 (95.7) <0.001

89 (5.9) 515 (7.0) 0.010

593 (39.1) 2,006 (27.4) <0.001

CAD = coronary artery disease, CABG = coronary artery bypass graft surgery, PCI = percutaneous coronary intervention

When the analysis was limited to the STEMI
patients, there was no difference in the median time
from symptom onset to hospital presentation (Table 5)
among the age groups. Reperfusion therapy in the
STEMI patients according to age group is demonstrated
in Table 5. The patients aged < 45 years tended to
receive primary PCI (p = 0.438) or fibrinolytic therapy
more frequently (p <0.001).

In-hospital mortality (Table 6) was lower in
the younger group (p < 0.001). These differences in
mortality were due to a lower incidence of both cardiac
and non-cardiac deaths in the younger group. On
multivariable analysis of in-hospital mortality (Table 7),
age > 54 years old remained an independent predictor
of death.

While congestive heart failure incidence
increased with increasing age, patients aged <45 years
had the lowest incidence (< 0.001). There was a trend
toward a lower incidence of stroke and major bleeding
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in the youngest group. Length of stay was lowest in
the youngest group and increased with advancing age
(Table 6).

Discussion

The current study indicates that 5.8% of all
Thai ACS patients are younger than 45 years old. These
findings are in accordance with previous studies that
have estimated that 5-10% of myocardial infarctions
(MI) occur in patients younger than 46 years old-.
The young patients in the present study were predomi-
nantly males with females comprising of 14.7% of all
patients <45 years. Sex distribution followed a similar
pattern observed in previous studies®®,

Cigarette smoking was an important cardio-
vascular risk factor that was inversely related to age.
Up to 66% of the presented young patients reported
a history of smoking. Alarmingly, the frequency of
tobacco use in these patients doubled those in their
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Table 5. STEMI patients

STEMI patients <45y 45-54y >S54y p-value
n =366, n (%) n =834, n (%) n=2,636,n (%)
Time to admission (hours), 5.3(2:21.3) 6.5 (2.5:30.8) 7.5(2.9:32.5) <0.001
Median (IQR)
Thrombolytic therapy 137 (37.4) 298 (35.7) 730 (27.7) <0.001
Primary PCI 89/270 (33.0) 192/609 (31.5) 572/2,066 (27.7) 0.058
Emergency CABG 9/360 (2.5) 14/803 (1.7) 71/2,537 (2.8) 0.253

CABG = coronary artery bypass graft surgery, PCI = percutaneous coronary intervention, IQR = inter quartile range

Table 6. In-hospital outcome

Outcome <45y 45-54y >S54y p-value
n =544, n (%) n=1,518,n (%) n=7,311,n (%)
Congestive heart failure 139 (25.6) 501 (33.0) 3,588 (49.1) <0.001
Cardiogenic shock (killip 4) 41/446 (9.2) 128/1,145 (11.2) 796/4,519 (17.6) <0.001
Cardiac arrhythmia 107 (19.7) 256 (16.9) 1,194 (16.3) 0.125
Stroke 7(1.3) 27 (1.8) 151 (2.1) 0.379
- Ischemic stroke 2(0.9) 14 (2.2) 46 (1.4)
- Hemorrhagic stroke 1(0.4) 1(0.2) 6(0.2)
Major bleeding 14 (2.6) 65 (4.3) 478 (6.5) <0.001
Death 40 (7.4) 109 (7.2) 1,029 (14.1) <0.001
- Cardiac death 37 (6.8) 91 (6.0) 792 (10.8)
- Noncardiac death 3(0.6) 18 (1.2) 237(3.2)
Length of stay (day), 5.0(3.0:8.2) 5.9 (3.6:9.8) 7.1(4.0:12.8) <0.001
Median (IQR)

IQR = inter quartile range
CHF = congestive heart failure

Table 7. Multivariate logistic regression analysis of in-hospital mortality

Age group Mortality rate (%) Crude OR (95% CI) Adjusted OR (95% CI)
Age<45y 7.4 1 1

Age 45-54y 7.2 0.98 (0.67-1.42) 1.03 (0.64-1.67)
Age>54y 14.1 2.06 (1.49-2.87) 1.78 (1.16-2.74)

Adjusted for variables that Stepwise Multiple Logistic regression p-remove > 0.2 and p-enter < 0.1: Gender, chest pain,
shock, post cardiac arrest, diabetes mellitus, hypertension smoking, dyslipidemia, ASA, beta-blocker, calcium antagonist,
statin, angiotensin converting enzyme inhibitor, thienopyridine, GP IIb/Illa antagonist, coronary angiogram, thrombolysis,
percutaneous coronary intervention, coronary artery bypass graft surgery, congestive heart failure, arrhythmia, stroke,
bleeding

older counterparts. Similarly, several studies found an
exceedingly high rate of tobacco use among young
patients with AMI ranging from 70% to > 90%®*67.10),
The Results of the Bogalusa Heart Study!" showed
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that the extent of fatty-streak lesions in the coronary
arteries of young adults was higher in smokers than
in nonsmokers. Thus, the present findings stress the
importance of identifying smoking as a major risk

J Med Assoc Thai Vol. 90 Suppl. 1 2007

10/24/07, 10:39 AM



factor that is modifiable and should be aggressively
targeted. Consistent with other reports in young AMI
patients, is a common family history of coronary artery
disease and lower prevalence of diabetes and hyper-
tension@+6:12.13),

The findings from the present study regard-
ing the type of ACS are similar to those published pre-
viously®!?, STEMI was more frequent in the young
patients, whereas NSTEMI was in the elderly. These
findings support the suggestion that the pathophy-
siology in these two types of ACS may differ.

Overall, medical therapy and risk factor
modification for the presented young patients with
ACS were quite good and better than in the older
patients. A high percentage of patients received
aspirin, beta-blockers and statins. The use of ACEI
was somewhat low at 58.5% and should be considered
an opportunity for improving care, particularly in
patients with heart failure or left-ventricular dysfunc-
tion419. Overall use of GPIIb/IIa inhibitors was low
but highest in the young group. These drugs have
been shown to lower ischemic events in patients with
ACS( 16-19)-

Coronary angiography and PCI were pre-
formed more frequently in patients aged <45 years old
(64.3% and 41.9%, respectively). These practices are
in concordance with those previously reported®®.
PCI in young adults®®?" has been reported to have a
favorable short- and long-term outcome compared with
older patients. These procedures result in excellent
alleviation of symptoms but must be performed in
combination with aggressive risk factor modification.

Angiographically, the authors found normal
or minimal lesion coronary anatomy more frequently in
the younger patients and consistent with others“722,
The mechanism leading to ACS in patients with insig-
nificant coronary artery disease is not fully understood.
Nonatherosclerotic coronary disease should always
be considered in a young patient with ACS such as
coronary spasm, impaired microvascular perfusion,
congenital coronary anomalies, vasculitis and drug
effects-29.

When the analysis was limited to the STEMI
patients, there was no difference in the median time
from symptom onset to hospital presentation among
the age groups. It is noteworthy that the overall time
to presentation is quite long (13.9 hours in the patients
<45 years). Thus, these findings provide an opportu-
nity for improving outcome by executing national cam-
paigns for the general population to recognize symp-
toms of ACS. Patients aged < 45 years with STEMI
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tended to receive primary PCI or fibrinolytic therapy
more frequently. Fibrinolytic treatment in young
adults has been reported to have comparable effects in
different age groups®¢27,

The incidence of in-hospital congestive heart
failure, stroke and major bleeding were lowest in the
youngest age group. The in-hospital mortality rate
was lower in the younger patients and increased with
advancing age. The advantage of young age in pre-
dicting a more favorable in-hospital outcome no longer
remained after adjustment for differences in baseline
characteristics and medication use. These results are
consistent with previous studies®*¢29, Although the
younger ACS patients generally are associated with
a favorable short-term prognosis, the personal and
societal burden of premature coronary disease is
substantial. Thus, preventative measures must be
addressed by both patients and physicians in order to
decrease long-term morbidity and mortality from coro-
nary artery disease.

Limitations

The majority of participating hospitals were
tertiary care hospitals with cardiac catheterization
laboratory facilities. Thus, the present findings may
not be generalized to patients of other hospital types.
The authors report only short-term, in-hospital out-
come, which may be inadequate to capture the true
burden of premature coronary disease from a personal
and societal point of view. Only conventional coronary
disease risk factors were identified. Several emerging
risk factors such as lipoprotein abnormalities, hyper-
coagable states, elevated homocysteine levels, markers
of inflammation and platelet glycoprotein Illa P1A?
polymorphism® were not evaluated. Furthermore,
non-atherosclerotic coronary disease, which should
be considered in young patients with ACS, were not
recorded.

Conclusion

In Thailand 5.8% of patients with ACS were
under the age of 45 years old. There were substantial
differences in the characteristics of ACS in the young
patients compared with those in their elderly counter-
parts. The current management and aggressive risk
factor modification are at acceptable rates and the
overall short-term mortality is lower in young adults
with ACS compared to their elder counterparts. These
findings may allow better risk stratification for future
primary and secondary prevention strategies in patients
at risk for premature coronary disease.
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