International Journal of Cardiovascular Sciences. 2019; [online].ahead print, PP.0-0

1

REVIEW ARTICLE

Risk Factor Differences in Acute Myocardial Infarction between Young and Older
People: A Systematic Review and Meta-Analysis
Liu Lei and Zeng Bin
Renmin Hospital of Wuhan University, Wuhan Shi, Hubei Sheng - China

Abstract
Acute myocardial infarction (AMI) is less frequent
in young individuals (≤ 45 years) than in older ones
(> 45 years). Young AMI patients differ from older AMI
patients in different ways. This article aims to assess
the differences between young and older AMI patients.
A search was made in the database of Cochrane Library,
PubMed, BioMed Central and Embase, sence their
establishment to December 2016, using the key words:
risk factors, clinical characteristics, acute myocardial
infarction and young. Meta-analysis was performed
by using the Review Manager 5.3 software, pooled
odds ratios and 95% confidence intervals were used
to assess the strength of differences. Eight studies
with fairly quality, enrolling 13,358 patients in the
analysis. Compared with older AMI patients, young
AMI patients had a higher rate of smoking and obesity
(OR = 2.71,95%CI:1.87 to 3.92; OR = 1.76,95%CI:1.13 to
2.74), higher rate of family history of coronary artery
disease and alcohol consumption (OR = 2.36,95%CI:1.22
to 4.59; OR = 1.76,95%CI:1.04 to 2.97). Moreover,
Young AMI patients had a lower rate of hypertension
and diabetes mellitus (OR = 0.52,95%CI:0.37 to 0.73;
OR = 0.58,95%CI:0.50 to 0.67). No significant differences
were observed in hyperlipidemia, a subgroup dataanalysis showed a higher total cholesterol, triglyceride
lipase, and low-density lipoprotein levels (p < 0.05), and
lower levels of high-density lipoprotein (p < 0.01) in
young AMI patients. Smoking, family history of coronary
artery disease, obesity and alcohol consumption are the
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most main risk factors of AMI among young individuals,
and young AMI patients have better prognosis than
older ones.

Introduction
Cardiovascular disease (CVD) is a global health
problem that has reached epidemic proportions in both
developed and developing countries.1 Even though the
rates of death caused by CVD have declined, yet the
burden of disease remains high. Mortality data have
showed that CVD accounted for almost 32.8% of all
deaths, i.e., 1 of every 3 deaths was caused by CVD in
the United States. CVD has become the leading cause
of death in both developed and developing countries.2,3
Acute myocardial infarction(AMI) is less frequent
in young adults (≤ 45 years) than in older individuals
(> 45 years) as it occurs in only 2% to 6% in the younger
population.4 In recent years, the rate of AMI in young
adults has begun to rise. Studies showed that young AMI
patients differed from older AMI patients in several ways,
including risk factors, clinical characteristics, coronary
angiographic characteristics and prognosis.5 AMI in young
individuals can cause death and disability in the prime of
life, in addition to being an increasing economic burden for
both the patients’ family and the government. Because of
the potential of premature death and long-term disability
in young AMI patients, clinical interest in young adults is
increasing.6 Identifying the major risk factors for AMI in
this group of young individuals is of vital significance to
develop effective prevention strategies.
Young AMI patients have different clinical
characteristics and pathophysiology when compared to
older patients.7 Previous studies reported that smoking,
diabetes mellitus, family history of CAD, hypertension,
hyperlipidemia and obesity contribute to the set of main
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risk factors for AMI in young patients.7,8 This article
aimed to assess the differences in risk factors and clinical
characteristics between young and older AMI patients.

Methods
Data sources and search strategies
A search was made in the database of Cochrane
Library, Pubmed, BioMed Central and Embase, since
their establishment to December 2016. An experienced
searcher used the key words: risk factors, clinical
characteristics, young people and acute myocardial
infarction, with the Boolean operators AND and OR.
We searched for comparative studies of risk factors and
clinical characteristics in myocardial infarction between
young and older patients. The search was limited to
observational studies on humans of the randomized
controlled trial (RCT) type. For the meta-analysis, we
only used articles published in English.

Study selection and extraction criterion
Most studies used an age cutoff of 40 to 45 years to
define young patients diagnosed with AMI, thus we
chose patients aged 45 or less as the limit for young AMI
patients, while patients aged older than 45 years were
defined as older AMI patients. We reviewed the list of
identified articles and extracted data from the selected
ones; subsequently we selected studies with abstracts
suggesting they were relevant. Studies were eligible if:
(1) the study design was a cohort or case-control study
and all the studies were RCTs; (2) the study compared
young AMI patients with older AMI patients; (3) the
study reported risk factors or clinical characteristics
of young AMI patients, including any ethnicities and
nationalities. Initial abstract screening excluded nonrelevant and non-original studies, then full-text review
excluded ineligible studies as follows: (1) studies without
comparison between young and older AMI patients;
(2) age-definition for the young AMI patients was older
than 45 years or less than 44 years; (3) studies with
abstract only or studies without full-text available; (4)
studies lacking complete important information or
those with no reply from the contact author; (5) smoking
patients were defined as current smokers, and former
smokers were excluded.
For each study, we recorded the following
information: first author, year of publication, number
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of cases of young and older AMI patients, risk factors
and clinical characteristics. Risk factors of AMI were:
smoking, Hypertension, family history of CAD, obesity,
hyperlipidemia, diabetes mellitus, alcohol consumption.
We defined Hyperlipidemia as a condition with
elevated serum lipid levels, including high levels of
total cholesterol (TC) or elevated levels of low-density
lipoprotein (LDL), or high triglycerides (TG). To better
assess the effect of serum lipids on myocardial infarction
in young people, we also compared high-density
lipoprotein (HDL) levels in young and older AMI
patients. Clinical characteristics were: chest pain, left
ventricular ejection fraction (LVEF) value (%), all-cause
mortality and outcome of coronary angiography (CA).

Literature quality assessment
We assessed the literature quality using the standard
bias risk assessment of the Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0,9 of
which scale consists of: random sequence generation,
allocation concealment, blinding of participants and
personnel, complement of outcome data, incomplete
outcome data, other bias resource. The risk bias of each
study uses “High risk”, “Low risk” and “Unclear risk”
for each scale.

Statistical analysis
We used the Review Manager 5.3.0 software for
comprehensive meta-analysis. We used the X 2 test
and I2 statistics (ranging from 0% to 100%) to estimate
the percentage of total variation across studies. When
p ≥ 0.1 and I2 valued 50% or less, the data showed low
heterogeneity and we used the fixed-effect model to pool
results across studies. When p < 0.1 and I2 values were
higher than 50%, the data showed high heterogeneity
and the random-effect model was used to pool the
results from studies, and a subgroup data analysis was
also performed. When an extremely high heterogeneity
influenced the determination of its resource, the
description analysis was used as presentation. For each
risk factor compared between young and older AMI
patients, we calculated the adjusted odds ratio (OR) and
corresponding 95% confidence interval (95%CI) in each
study. Funnel plots were used to estimate publication
bias. All P values were two-tailed, and a p value < 0.5
was considered significant.
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Results
We retrieved 781 citations from the initial search and
excluded 525 studies that did not meet the inclusion
criteria; subsequently, we excluded 200 articles based
on the initial abstract review. Afterwards, we excluded
46 articles through full-text review, and finally 8 eligible
studies10-17 were selected for the meta-analysis (figure 1).
The assessed 13,358 patients included 1,122 young AMI
patients and 4,766 older AMI patients. Table 1 shows the
general characteristics of these selected studies.

Bias risk assessment
According to the Cochrane Risk of Bias Tool for
Randomized Controlled Trials, 8 selected studies
had different bias risks. All eight studies referred to
“randomized controlled trial”, but no detailed description
was mentioned in these studies. All 8 studies reported the
outcome completely without selective reporting. None of
the studies reported blinding and allocation concealment.
One study13 had a selection bias, and two studies12,15 might
have other bias. According to bias risk graph (figure 2)
and bias risk summary (figure3), Yunyun et al.12, Chua et
al.15 and Anderson et al.13 had high risk, while the other
studies10,11,14,16,17 had a relatively low risk.

Meta-analysis outcome
Risk factors
Eight studies10-17 compared smoking (figure 4) in
young and older AMI patients. The studies showed
high heterogeneity (p < 0.001, I2=85%), thus the randomeffect model was used to perform the statistical analysis.
Significant differences were observed in the outcome
(OR = 2.71, 95%CI: 1.87 to 3.92). The rate of smoking in
young AMI patients was much higher than that in older
AMI patients (71.51% vs 40.43%). Six studies10-12,14,16,17
compared a family history of CAD in young and older
AMI patients (figure 4), and the studies showed high
heterogeneity (p < 0.001, I2 = 89%), and thus the randomeffect model was used to perform the analysis. Significant
differences were observed between the two groups
(OR = 2.36, 95% CI: 1.22 to 4.59) and young AMI patients
had a higher rate of family history of CAD than older
AMI patients (43.48% vs 28.27%).
Five studies 10,13-15,17 compared obesity (figure 4)
between young and older AMI patients. The studies

showed heterogeneity (p = 0.0002, I2 = 82%), and so the
random-effect model was used to perform the analysis.
There were significant differences in the outcome
(OR = 1.76, 95% CI: 1.13 to 2.74), and the rate of obesity
in young AMI patients was higher than that in older
AMI patients (36.21%vs 31.95%). Only three studies11,12,16
compared alcohol consumption in young and older AMI
patients (figure 4). The studies showed heterogeneity
(p = 0.10, I2 = 56%), and thus random-effect model was
used to perform the analysis. Significant differences
were observed in the outcome (OR = 1.76, 95% CI: 1.04
to 2.97); young AMI patients showed a much higher rate
of alcohol consumption than older AMI patients (34.16%
vs 24.97%).
Eight studies10-17 compared hypertension in the two
groups (figure 4). The studies showed heterogeneity
(p < 0.001, I2 = 83%), and thus random-effect model we
was used to perform the analysis. Significant differences
were observed in the outcome (OR = 0.52, 95% CI: 0.37 to
0.73), the rate of hypertension in young AMI patients was
lower than that in older AMI patients (34.48% vs 51.2%).
Eight studies10-17 compared diabetes mellitus between
the two groups; low heterogeneity was observed in the
studies (p = 0.52, I2 = 0%), and thus the fixed-effect model
was used to perform the statistical analysis. Significant
differences were observed between the two groups
(OR = 0.58, 95% CI: 0.50 to 0.67), and young AMI patients
had a lower diabetes mellitus incidence than older AMI
patients (17.02% vs. 24.9%).
Four studies11,13-15 compared hyperlipidemia (figure
4) between young and older AMI patients. The studies
showed high heterogeneity (p < 0.001, I2 = 94%) and,
therefore, the random-effect model was used to perform
the analysis. The outcome showed no significant
differences between the two groups (p = 0.45). Then, we
performed a subgroup data analysis (figure 5), comparing
serum levels of TC, LDL, TG and HDL between the two
groups. The random-effect model was used to perform
the analysis. We found that young AMI patients had
comparatively higher levels of serum TG (p = 0.01), LDL
(p = 0.001), TC (p = 0.002) and lower levels of serum HDL
(p = 0.008) than older AMI patients.

Clinical characteristics
Three studies13,14,17 compared LVEF values in young
and older AMI patients (figure 6) and low heterogeneity
was observed regarding the outcome (p = 0.43, I2 = 0%)
and thus, the fixed-effect model was used to perform the
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articles
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Number of articles after
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(n = 256)
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based on basis
of initial abstract
review (n=200)

No outcome of
interest reported
(n=9)

No age cut-off of
40-45 years (n=4)

Figure 1 - Flow chart for selection of eligible studies.
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Figure 2 - Bias risk of selected studies.

analysis. No significant differences were observed in the
analysis (p = 0.07), as there were no obvious differences
between young and older AMI patients regarding LVEF
values. Three studies10,14,15 reported chest pain in AMI
patients (figure 6), and heterogeneity was observed
regarding the outcome (p = 0.01, I2 = 77%). Thus, the
random-effect model was used to perform the analysis.
No significant differences were found between the two
groups (p = 0.13). There were no obvious differences
regarding the incidence of chest pain between young
and older AMI patients.
Three studies13,15,17 reported all-cause mortality in AMI
patients (figure 6), with low heterogeneity being observed
in the studies (p = 0.65, I2 = 0%); thus, the fixed-effect
model was used to perform this analysis. Significant
differences were observed in the analysis (OR = 0.09,
95% CI: 0.07 to 0.12). When compared with older AMI
patients, young AMI patients had obviously a lower rate
of all-cause mortality (6.43% vs 41.57%).
Five studies11,14-17 compared the outcome of coronary
angiography (CA) between young and older AMI
patients. Significant differences were observed between
the two groups (figure 7). Compared with older AMI
patients, single-vessel disease was more prevalent in
young AMI patients (OR = 2.48, 95% CI: 1.87 to 3.29).
A total of 42.86% of young AMI patients had single-vessel
disease, which was more prevalent than that in older
AMI patients (18.71%). While multiple-vessel disease was

more common in older AMI patients (OR = 0.42, 95% CI:
0.28 to 0.61), with 38.77% of older AMI patients exhibiting
multiple-vessel disease, which was a higher incidence
than that in young AMI patients (34.28%). Moreover, we
compared the coronary artery disease location in young
and older AMI patients, which included left Anterior
descending artery (LAD), right coronary artery (RCA)
and left circumflex artery (CX). No significant differences
were observed in the coronary artery disease location of
LAD (p = 0.22), RCA (p = 0.36) and CX arteries (p = 0.11)
between young and older AMI patients.

Discussion
The incidence of AMI in young individuals was once
as low as 2-6%,4 but it has been increasingly rising.14
Young AMI patients differed from older AMI patients
in several ways including risk factors, clinical, coronary
angiographic characteristics and prognosis.8 Yunyun
et al.12 said that AMI tend to occur suddenly in young
patients; most young people do not experience a warning
before its onset, and the first occurrence often leads to
a large infarction size.18,20. Zimmerman et al.,21 reported
that males show an absolute predominance among
young AMI patients; however, there is a tendency for
the incidence of myocardial infarction to be equal in both
sexes with increasing age. In our meta-analysis, male
patients were predominant among young AMI patients,
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Figure 3 - Bias risk of selected studies.

ranging from 64.7% to 94.8%, while the proportion of
male patients seemed to decrease in older AMI patients.
Several studies reported that chest pain is the most
frequent symptom in young AMI patients,22 while “silent”
AMI tends to be more frequent in older patients.23 Our
study revealed that there was no significant difference in
the rate of chest pain between young and older patients
with AMI. Data from the meta-analysis showed that the
all-cause mortality rate of young individuals after AMI

is significantly lower than that of older people, which
is in line with previous studies.24-26 Although young
AMI patients had better long-term survival than older
AMI patients, they fared worse than their age-matched
contemporaries in the general population.27
Our data analysis suggested that single-vessel
coronary artery disease was more common in young
AMI patients than in older ones, while multiple-vessel
coronary artery disease was less prevalent in young
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older patients

1.1.6 F. alcohol consumption

older patients

Figure 4 - Forest plot showing results of the comparison between young and older AMI patients for (A) risk factor of smoking; (B) risk
factor of family history of CAD; (C) risk factor of obesity; (D) risk factor of alcohol consumption; (E) risk factor of hypertension;
(F) risk factor of diabetes mellitus; (G) risk factor of hyperlipidemia.
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Older patients

older patients

Figure 5 - Subgroup of hyperlipidemia showing results of comparison between young and older AMI patients regarding serum levels
of HDL, LDL, TG, TC.

AMI patients. That might also explain why young
individuals have a better prognosis than older ones after
AMI. Previous studies reported that among young AMI
patients with general CA, single-vessel disease was the
most prevalent, with the lesion most commonly located
in the LAD.28,29 However, our data showed no obvious
differences in the location of coronary artery lesion
between the two groups when comparing the lesion
location in the LAD, RCA or CX arteries.
Our analysis showed that the rate of smoking in
young AMI patients was much higher than that in
older ones (71.51% vs 40.43%), which is consistent with

previous studies.20,30 Young individuals are more likely
than older people to be smokers, and ST-segmentelevation myocardial infarction (STEMI) patients are
getting increasingly younger, which is accompanied by
an increasing proportion of young smokers.31 Smoking
is actually the most important risk factor for AMI in
young individuals. Previous studies suggested that in
young AMI patients, coronary artery spasm might lead
to temporary occlusion of the vessel or thrombus, or a
combination of them, as a result of smoking.32 Smoke
cessation could reduce the risk for AMI compared
with current smoking, especially in young people.33
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a

b

c

Figure 6 - Forest plot showing results of comparison between young and older AMI patients for (a) LVEF values; (b) chest pain;
(c) all-cause mortality.

Additionally, the benefit of quitting is associated with the
number of smoked cigarettes,34 thus identifying cigarette
smoking as a major risk factor for young people in AMI
is of vital significance. Moreover, creating an awareness
of the advantages of smoking cessation may be effective
in this group of people to prevent AMI.
A positive family history of CAD has often been
reported as being another major risk factor for AMI
among young patients. 35 Our analysis showed that
43.48% of young AMI patients has a family history of
CAD, which is higher than that in older AMI patients
(28.27%). Family history of CAD is certainly a major risk
factor for young AMI patients. Patients with a family
history of CAD have more severe disease progression and
more lipid metabolism disorders than those without such
a history36 and are more likely to have insulin resistance
and more likely to be obese, possibly resulting from
hereditary factors.37
The analysis suggested that young patients had a
higher rate of obesity compared with older patients
with AMI (36.58% vs 31.93%). Obesity can double the
prevalence of cardiovascular disease.38 Kragelund et al.39
said that abdominal obesity appears to be an independent

predictor of all-cause mortality in AMI patients. The
changes in life and eating habits, and adopting unhealthy
habits such as eating fast food or high-fat food can
lead to dyslipidemia and abdominal obesity in many
young individuals. Previous studies reported that an
unhealthy diet, rich in carbohydrates and low in fruits
and vegetables are a major risk factor for CVD.40 Several
studies reported that young people tend to consume
more red meat with a high fat content and a significantly
lower amount of fruits and vegetables compared to the
older group.41,42 Effective interventions, which include a
healthy diet and life-style, as well as moderate exercise
practice to control body weight may help prevent AMI
in young individuals.
Diabetes mellitus and hypertension are important
risk factors for CAD and are more likely to be associated
with older myocardial infarction patients.43 Our analysis
showed that compared with older AMI patients, young
AMI patients had a lower rate of hypertension (34.48%
vs. 51.2%) and diabetes mellitus (17.02% vs. 24.9%),
which is consistent with other studies.44,45 Anderson
et al.13 said that even though hypertension is more
prevalent in older AMI patients, the hazard associated
with this risk factor is higher in the young patients.
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Figure 7 - Outcome of CA in AMI patients comparing young and older AMI patients.

Thus, the early diagnosis of hypertension and effective
medical intervention may reduce AMI in young people.
Many studies reported that non-diabetic AMI patients
have increased blood sugar, compromised glucose
tolerance and insulin resistance. 46,47 Yunyun et al.,12
found that many young patients had a higher baseline

fasting blood sugar and HbA1c levels, suggesting
that a higher proportion of young AMI patients had
undetectable diabetes or pre-diabetes. Yunyun et al12
also found that the HbA1c level was an independent risk
factor for myocardial infarction in young patients. So,
the early identification of young people with diabetes
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or pre-diabetes and early effective medical intervention
might help prevent AMI in young individuals.

Conclusion

In the present study, no significant differences were
observed regarding hyperlipidemia between young
and older AMI patients. Hyperlipidemia, especially
high serum LDL levels, have been regarded as a major
risk factor in patients with AMI, and lowering LDL
levels has been a main target in medical treatment.
HDL is often accepted as a protective factor to prevent
the development of atherosclerosis and cardiovascular
events. However, low HDL levels have drawn more
attention in AMI.48 A study reported that low HDL was
associated with significantly higher risk of in-hospital
mortality in STEMI.49 Our study revealed that young
AMI patients had higher levels of serum TG, LDL, TC
and lower levels of serum HDL, compared with older
AMI patients. Moreover, the prevalence of undiagnosed
dyslipidemia and borderline levels of cholesterol in
young people were really high. Data have suggested
that the prevalence of undiagnosed dyslipidemia in
young people was 16.8%, which was higher than the
diagnosed group.50 Thus, these young people may have
fewer coronary collaterals, which might cause severe
acute myocardial infarction in this group of young
individuals. Identifying hyperlipidemia at a younger age,
while paying early attention to serum HDL levels, lipid
profile control and distal protection in young individuals
can prevent AMI in this population.

The meta-analysis showed that there were differences
in risk factors between young and older AMI patients.
Smoking, family history of CAD, obesity and alcohol
consumption are the main risk factors in young AMI
patients, with smoking being the most important one
for young individuals with AMI. Young individuals
tend to have a better prognosis than older ones with
AMI and have more single-vessel coronary artery
disease than older AMI patients. Even though there is
no difference in hyperlipidemia between young and
older AMI patients, young AMI patients had higher
levels of serum TG, LDL, TC levels and lower serum
HDL levels than older AMI patients. According to our
analysis, there were no obvious differences regarding
chest pain and LVEF values between young and older
AMI patients. Thus, making young individuals aware
of these risk factors and their early detection, as well
as effective intervention may help prevent acute
myocardial infarction in young people.

In our analysis, only three studies11,12,16 compared the
risk factor of alcohol consumption. Our data showed
that young AMI patients had higher rates of alcohol
consumption than older AMI patients. Previous studies
showed that alcohol consumption is directly associated
with hyperuricemia,51 which is associated with CAD
severity 52 and the amount of alcohol consumed is
associated with AMI.53 Heavy alcohol consumption
tended to be associated with an increasing risk of heart
failure, cardiac arrest/sudden death and ischemic
attack after CAD.54 Although moderate levels of alcohol
consumption are associated with a lower risk of morbidity
and mortality from CAD, young individuals tend to
have an excessive alcohol intake. Thus, making young
individuals aware of the risk of alcohol consumption and
encourage moderate alcohol intake might help prevent
acute coronary syndrome.
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