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Abstract

Objective: To evaluate the magnitude of the association between risk factors and premature myocardial
infarction (MI) (men aged 18-55 years; women aged 18-65 years).
Patients and Methods: We searched MEDLINE and other databases from inception through April 30,
2020, as well as bibliography of articles selected for data extraction. We selected observational studies
reporting the magnitude of the association of at least 1 risk factor (demographic characteristics, lifestyle
factors, clinical risk factors, or biomarkers) with premature MI and a control group. Pooled risk estimates
(random effects) from all studies unadjusted and adjusted for risk factors were reported as summary odds
ratios (ORs) with 95% CIs.
Results: From 35,320 articles of 12.7 million participants, we extracted data on 19 risk factors from 77
studies across 58 countries. Men had a higher risk of premature MI (OR, 2.39; 95% CI, 1.71 to 3.35) than
did women. Family history of cardiac disease was associated with a higher risk of premature MI (OR, 2.67;
95% CI, 2.29 to 3.27). Major modifiable risk factors associated with higher risk were current smoking
(OR, 4.34; 95% CI, 3.68 to 5.12 vs no/former), diabetes mellitus (OR, 3.54; 95% CI, 2.69 to 4.65),
dyslipidemia (OR, 2.94; 95% CI, 1.76 to 4.91), and hypertension (OR, 2.85; 95% CI, 2.48 to 3.27).
Higher body mass index carried higher risk (OR, 1.46; 95% CI, 1.24 to 1.71 for �25 kg/m2 vs <25 kg/
m2). Biomarkers associated with 2- to 3-fold higher risk were total cholesterol levels greater than 200 mg/
dL, triglyceride levels higher than 150 mg/dL, and high-density lipoprotein cholesterol levels less than 60
mg/dL (to convert to mmol/L, multiply by 0.0259).
Conclusion: Major risk factors for premature MI are mostly amenable to patient, population, and policy
level interventions. Mild elevations in body mass index and triglyceride levels were associated with higher
risk, which has implications for the growing worldwide epidemic of cardiometabolic diseases.
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N oncommunicable diseases, which
include ischemic heart disease
(IHD), are a major cause of prema-

ture mortality and claim 15 million lives annu-
ally.1 This has prompted organizations
worldwide to adopt resolutions to tackle pre-
mature mortality, defined as mortality in adults
aged 30 to 70 years.1-3 Premature IHD mortal-
ity is driven by premature myocardial infarc-
tion (MI). Despite this, there is no
comprehensive synthesis of risk factors
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associated with premature MI, a limitation
that impairs strategies to curb the burden of
IHD and premature mortality.

Premature MI generally refers to MI in
men aged 18 to 55 years or women aged 18
to 65 years.4-6 In an early study of premature
MI, American adults younger than 40 years
with coronary thrombosis were observed to
have a higher prevalence of tobacco use,
sedentary habits, and possibly higher dietary
intake of cholesterol-containing foods such
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as milk and eggs when compared with healthy
adults.7 Since then, studies in different world
regions have described risk factors associated
with premature MI and generally observed a
higher prevalence of diabetes, hypertension,
and smoking compared with adults without
MI.8-19 INTERHEART was the largest global
study to describe risk factors associated with
premature MI. Although not exclusively
focused on premature MI, age-stratified anal-
ysis in INTERHEART using age cutoff points
defined above revealed that the population
attributable risk of premature MI was more
than 90% for a combination of 9 factors:
smoking, low consumption of fruit and vege-
tables, inadequate exercise, low consumption
of alcohol, psychosocial stress, hypertension,
diabetes mellitus, abdominal obesity, and
elevated ratio of blood levels of apolipoprotein
B/apolipoprotein A1.20 Despite the vast litera-
ture on premature MI, studies vary by selec-
tion criteria of participants, age cutoff point
for premature MI, and operational definition
of risk factors. Therefore, synthesis of the liter-
ature has typically focused on the association
of individual risk factors with MI without
stratification by age.21-23 To our knowledge,
there is no synthesis of diverse risk factors
associated with premature MI.

To address this knowledge gap, we con-
ducted a systematic review and meta-analysis
of demographic characteristics, lifestyle fac-
tors, clinical risk factors, and biomarkers asso-
ciated with premature MI. Our findings
highlight the contribution of risk factors to
premature MI and could guide the develop-
ment of interventions to reduce the burden
of risk factors associated with premature MI
and premature mortality.

PATIENTS AND METHODS
The study protocol (PROSPERO: CRD420
18076862) has been described.24 This study is
reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-analysis
guidelines (Supplemental Table 1, available on-
line at http://www.mcpiqojournal.org).25,26

Eligibility Criteria
We selected studies that reported the magni-
tude of the association of at least 1 risk factor
(demographic characteristics, lifestyle factors,
clinical risk factors, or biomarkers) with
Mayo Clin Proc Inn Qual Out n August 2021
premature MI and age-matched non-MI
referent groups. We included case-control,
cohort, and cross-sectional studies and
excluded conference abstracts, review articles,
research theses, editorials, commentaries, opin-
ions, viewpoints, and case reports. We
excluded studies with fewer than 100 individ-
uals with premature MI as well as studies
without a non-MI referent group.

Risk Factors
We evaluated 19 potential risk factors from in-
formation provided on demographic charac-
teristics, lifestyle factors, clinical risk factors,
and biomarkers. We obtained information on
demographic characteristics (sex, race or
ethnicity, and family history of any cardiac dis-
ease), lifestyle factors (tobacco and alcohol),
and clinical risk factors (diabetes mellitus, hy-
pertension, body mass index [BMI, calculated
as the weight in kilograms divided by the
height in meters squared], and dyslipidemia).
We obtained information on concentration/
levels of biomarkers such as cholesterol (total
cholesterol, low-density lipoprotein [LDL]
cholesterol, high-density lipoprotein [HDL]
cholesterol, non-HDL cholesterol), triglycer-
ides, apolipoprotein A and B, C-reactive pro-
tein, and related measures (eg, HDL
cholesterol/total cholesterol ratio).

Outcome
Premature MI was defined as first or recurrent
MI in men aged 18 to 55 years or women aged
18 to 65 years.

Search Methods
The search strategy combined electronic and
manual searches (Supplemental Table 2, avail-
able online at http://www.mcpiqojournal.org).
The search strategy was developed by an
academic librarian (A.P.A.) with input from 3
investigators (S.B.D., A.A.A., and S.M.). We
searched MEDLINE (Ovid), AMED (Ovid),
Embase (Ovid), EBSCO CINAHL Plus,
ClinicalTrials.gov, and Cochrane Central Reg-
ister of Controlled Trials from inception
through September 20, 2017 and updated
our search in June 22, 2018 and April 30,
2020 to identify subsequent citations.
Searches were limited to the English language.
We conducted a manual search of the bibliog-
raphy of articles selected for data extraction.
;5(4):783-794 n https://doi.org/10.1016/j.mayocpiqo.2021.03.009
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Study Selection
Articles identified from electronic literature
databases were merged into a single database
and imported into Covidence, an online soft-
ware platform that streamlines the study using
the Cochrane Review process. For primary
screening, articles were screened by title and
abstract independently by 2 investigators.
For secondary screening, full-text articles
were independently reviewed by 2 investiga-
tors. If full-text articles were unavailable online
or through the library (Mayo Clinic in Roches-
ter, Minnesota), we made 2 attempts to con-
tact the authors by e-mail before excluding
the study. The bibliography of selected studies
was screened (by title and abstract, and full
text if necessary) for inclusion by 1 investi-
gator (S.B.D. or Y.M.H.).
Data Extraction and Management
Two investigators independently extracted
data including study characteristics, risk fac-
tors, and measures of the association with pre-
mature MI using a piloted standardized data
extraction form in Microsoft Excel. At the
conclusion of data extraction, all articles and
extracted data were reviewed by 1 investigator.
If 2 or more articles reported results using the
same data set or cohort, the study with the
largest sample size for a given risk factor was
selected. To quantify the association between
a risk factor and premature MI, we extracted
study level estimates (eg, odds ratio [OR]
and 95% CI). We did not include studies
that reported only concentrations/levels of bio-
markers as we could not derive risk estimates.
All studies reported 95% CIs except for 1
study, which reported 99% CI.20 If risk esti-
mates were not reported, we extracted a 2�2
table from the study (frequency of risk factors
with or without premature MI) and calculated
the OR and 95% CI.
Risk of Bias Assessment
Two investigators independently assessed the
risk of bias (RoB) using the Newcastle-Ottawa
Scale for case-control and cohort studies and
adapted it for cross-sectional studies
(Supplemental Method 1, available online at
http://www.mcpiqojournal.org).27 As informa-
tion on risk factors may be obtained from
different sources (eg, self-reported and medical
Mayo Clin Proc Inn Qual Out n August 2021;5(4):783-794 n https:/
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records) and are associated with different risks
of bias, we reported the RoB for each risk factor
from individual studies (Supplemental Tables 3
and 4, available online at http://www.
mcpiqojournal.org). The RoB for risk factors
was evaluated on the basis of the reported result
(eg, frequency or risk estimate),method of ascer-
tainment (eg, self-reported or verified frommed-
ical records), and whether the risk estimate was
adjusted for cardiovascular risk factors
(Supplemental Table 3). Accordingly, risk fac-
tors were categorized as having high, moderate,
or low RoB. Therefore, the RoB assessment ac-
counts for risk estimates that were unadjusted
or adjusted for risk factors (Supplemental
Table 3).
Resolution of Conflicts
Conflicts between investigators were resolved
by discussion, and if necessary, through
consultation with a third investigator.
Data Synthesis
Given variability in operational definitions
across studies, risk factors were approximated
to conventional definitions for inclusion in
meta-analysis (Supplemental Table 4). We
conducted a random effects meta-analysis to
pool results across studies as we expected vari-
ation in study setting, adjusted covariates, and
populations.28 The association between risk
factors and premature MI is reported as sum-
mary OR (95% CI). Where applicable, we pro-
vided separate estimates for risk factors on the
basis of RoB (low, moderate, and high).
Pooled risk estimates include data with or
without adjustment for cardiovascular risk
factors. We reported the I2 index test for het-
erogeneity.29 Analyses were conducted with
STATA V.15 (StataCorp LLC). Statistical sig-
nificance was defined as 2-tailed P<.05.
Patient and Public Involvement
There was no patient or public involvement in
the study design, execution, or analysis.
Ethics Approval
This study analyzed data from published
studies without individual level participant
identifiers and was exempt from review by
the Mayo Clinic Institutional Review Board
(Rochester, MN).
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58,094 articles identified through
database searching

35,320 article abstracts screened
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1,447 full-text articles assessed for
eligibility

77 articles included for data
extraction

4 articles identified through
bibliography searching

22,778 duplicates removed

33,873 articles excluded
on the basis of title and abstract

(see figure legend)

• Ineligible cohort (n=540)
• No controls (n=297)
• Ineligible publication type (n=239)
• Ineligible event/time frame (n=81)
• Ineligible risk factor(s) (n=76)
• Article overlaps with study
   published in other article (n=70)
• Only prevalence studies (n=50)
• Full-text unavailable (n=13)
• Insufficient data (n=4)

1370 articles excluded

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flowchart of articles
included for data extraction. The search strategy is provided in Supplemental Table 2 (available online at
http://www.mayoclinicproceedings.org). From 35,320 unique articles, we screened titles and abstracts and
excluded 33,873 articles that did not include all 3 concepts (risk factor, premature, and myocardial
infarction) (primary screening). The full-text of eligible articles (n¼1447) was reviewed using criteria for
primary screening to identify articles for data extraction (n¼77). All stages were conducted independently
by 2 investigators.
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RESULTS
Of 35,320 unique articles, 1447 articles met
criteria for full-text screening, of which 77
were selected for data extraction (Figure 1).
The selected studies reported 19 risk factors
in 12.7 million participants from 58 countries
in all world regions; 96% of studies (n¼74 of
77) were single country, with 24% (n¼18 of
74) in the United States. Most studies (n¼44
of 77) provided nonesex-stratified results,
Mayo Clin Proc Inn Qual Out n August 2021
whereas others were limited only to men
(n¼16 of 77) or women (n¼16 of 77).

Studies varied in participant selection
criteria, operational definition of risk factors,
and covariates adjusted in risk models
(Supplemental Tables 4-6, available online
at http://www.mcpiqojournal.org). Of these,
29 studies reported risk estimates with
adjustment for 1 or more cardiovascular
risk factor (Supplemental Table 6). Most
;5(4):783-794 n https://doi.org/10.1016/j.mayocpiqo.2021.03.009
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Nonresponse rate (exposure bias)

Same method of ascertainment for cases and controls (exposure bias)

Ascertainment of exposure (exposure bias)

Comparability of cases and controls (comparabilitiy bias)

Definition of controls (selection bias)

Selection of controls (selection bias)

Representativeness of premature MI cases (selection bias)

Adequate case definition (selection bias)

0 10 20 30 40 50 60 70 80

FIGURE 2. Risk of bias of case-control studies selected for data extraction on the basis of the Newcastle-
Ottawa Scale. Criteria to determine low (orange), medium (brown), and high (blue) risk of bias using
selection, comparability, and exposure/outcome factors are described in Supplemental Method 1 (avail-
able online at http://www.mayoclinicproceedings.org). The Newcastle-Ottawa Scale was adapted for
cohort studies (n¼3). All studies had a low risk of bias on all criteria (described in Supplemental Method
1) except 1 study, which had a high risk of comparability bias. MI, myocardial infarction.

RISK FACTORS FOR PREMATURE MYOCARDIAL INFARCTION
studies had a low risk of selection bias, a low
risk of comparability bias, but a high risk of
exposure bias (Figure 2). High and moderate
RoBs for risk factors mostly resulted from
studies that provided frequencies of self-
reported risk factors rather than adjusted
risk estimates of verified risk factors
(Supplemental Table 4, available online at
http://www.mcpiqojournal.org).
Demographic Characteristics
Men had a higher risk of premature MI (OR,
2.39; 95% CI, 1.71 to 3.35) than did women
(Figure 3). Overall, white vs nonwhite individ-
uals had a lower risk of premature MI (OR,
0.74; 95% CI, 0.55 to 0.99). A similar trend
was noted in the smaller number of studies
reporting results for nonwhite vs white
women (OR, 0.73; 95% CI, 0.51 to 1.06)
(Figure 3; Supplemental Tables 7 and 8 and
Supplemental Figures 1 and 2, available online
at http://www.mcpiqojournal.org).

Individuals reporting a positive family his-
tory of any cardiac disease had a nearly 3-fold
higher risk of premature MI (OR, 2.67; 95%
CI, 2.29 to 3.27) compared with individuals
reporting no cardiac family history (Figure 3;
Supplemental Figure 3, available online at
http://www.mcpiqojournal.org).
Mayo Clin Proc Inn Qual Out n August 2021;5(4):783-794 n https:/
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Lifestyle Risk Factors
Individuals who were current smokers vs no/
former smokers had a more than 4-fold higher
risk of premature MI (OR, 4.34; 95% CI, 3.68
to 5.12) (Figure 3; Supplemental Table 9 and
Supplemental Figures 4 and 5, available online
at http://www.mcpiqojournal.org). The risk of
premature MI in individuals with current
alcohol use vs no/former alcohol use varied
by RoB: there was a higher risk in high RoB
studies and no association in moderate RoB
studies. In men, current alcohol use vs no/
former alcohol use as well as no alcohol vs
0.1 to 30.0 g of alcohol per day were associ-
ated with a higher risk of premature MI
(Figure 3; Supplemental Tables 9 and 10 and
Supplemental Figure 6, available online at
http://www.mcpiqojournal.org).30
Clinical Risk Factors
Individuals with diabetes mellitus had a 4- to
5-fold higher risk of premature MI in men
(OR, 5.04; 95% CI, 2.56 to 9.91) and women
(OR, 3.99; 95% CI, 2.74 to 5.83) than did in-
dividuals without diabetes mellitus. Individ-
uals with hypertension and dyslipidemia had
a nearly 3-fold higher risk of premature MI
than did individuals without these risk factors
(Figure 3; Supplemental Table 11 and
/doi.org/10.1016/j.mayocpiqo.2021.03.009 787
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Supplemental Figures 7, 8, and 9, available
online at http://www.mcpiqojournal.org).

The association of BMI 30 kg/m2 or higher
vs less than 30 kg/m2 with premature MI was
reported in 16 studies (nonesex-stratified,
n¼9; men, n¼4; women, n¼3) and varied by
RoB and sex. One high RoB study31 found no
association with premature MI (OR, 0.86;
95% CI, 0.60 to 1.23), whereas 15 moderate
or low RoB studies found higher risk. This pos-
itive association was preserved in sex-stratified
analysis of men (OR, 1.94; 95% CI, 1.47 to
2.56), with a nonsignificant association in
women (OR, 1.28; 95% CI, 0.95 to 1.73).
Notably, the association of BMI 25 kg/m2 or
higher vs less than 25 kg/m2 with premature
MI was similar to that of BMI 30 kg/m2 or
higher vs less than 30 kg/m2 with premature
MI (Figure 3; Supplemental Table 11 and
Supplemental Figures 9-11, available online at
http://www.mcpiqojournal.org).

Two studies evaluated the association of
waist-to-hip ratio with the risk of premature
MI. In men, waist-to-hip ratio greater than
0.90, compared with 0.90 or less, was associ-
ated with a 10-fold higher risk of premature
MI (adjusted OR, 9.57; 95% CI, 5.52 to
16.6)30; in another study, waist-to-hip ratio
(top 2 tertiles vs lowest tertile) in nonesex-
stratified analysis was associated with a higher
risk of premature MI (OR, 1.79; 99% CI, 1.52
to 2.09), albeit to a lesser magnitude.20

Biomarkers
Thirteen studies reported the association of
measured lipids with premature MI
(Figure 3; Supplemental Tables 12-15 and
Supplemental Figures 12-14, available online
at http://www.mcpiqojournal.org). Individuals
with total cholesterol levels greater than 200
mg/dL (to convert to mmol/L, multiply by
0.0259) had a higher risk of premature MI
(OR, 3.24; 95% CI, 2.28 to 4.59) than did
individuals with total cholesterol levels 200
mg/dL or lower. Similarly, individuals with
elevated LDL cholesterol levels (cutoff point
not defined) had a higher risk of premature
MI (OR, 2.23; 95% CI, 1.62 to 3.06) as did in-
dividuals with triglyceride levels greater than
150 mg/dL vs 150 mg/dL or less (OR, 2.20;
95% CI, 1.37 to 3.54) and individuals with
HDL cholesterol levels less than 60 mg/dL vs
60 mg/dL or higher (OR, 2.96; 95% CI, 2.14
Mayo Clin Proc Inn Qual Out n August 2021
to 4.11). Biomarker measurements reported
per 0.1 increment in HDL/cholesterol ratio
and per SD increment in LDL cholesterol level,
HDL cholesterol level, and non-HDL choles-
terol level had associations similar to those
based on biomarker cutoff points.32,33 Based
on 1 study (INTERHEART) for each
biomarker, apolipoprotein A1 (OR, 0.69;
95% CI, 0.64 to 0.74) and apolipoprotein B
(OR, 1.59; 95% CI, 1.50 to 1.69) levels indi-
cated the magnitude of risk similar to their
associated cholesterol, HDL, and LDL levels.
When combined, the apolipoprotein B/apoli-
poprotein A1 ratio indicated a higher risk of
premature MI (OR, 4.35; 99% CI, 3.49 to
5.42).20 Based on 1 study for each biomarker,
total cholesterol, LDL cholesterol, and triglyc-
eride levels (top quartile vs lowest quartile, for
all) were associated with a higher risk of pre-
mature MI whereas HDL cholesterol level
was associated with a lower risk.34

DISCUSSION
In this meta-analysis of 77 studies of 12.7
million participants, modifiable risk factors
associated with a higher risk of premature
MI included diabetes mellitus and smoking
(3- to 4-fold higher risk), dyslipidemia (2- to
3-fold higher risk), and obesity (1.5-fold
higher risk). Individuals with higher levels of
total cholesterol and lower levels of HDL
cholesterol had a 2- to 3-fold higher risk of
premature MI. Notably, mild elevations in
BMI (�25 kg/m2 vs <25 kg/m2) and triglycer-
ide levels (>150 mg/dL vs lower) were associ-
ated with a higher risk of premature MI. Major
nonmodifiable risk factors associated with a
2- to 3-fold higher risk of premature MI
were male sex and a positive family history
of cardiac disease. White vs nonwhite individ-
uals had a lower risk of premature MI. The
higher risk of premature MI associated with
elevation in BMI and cholesterol levels is con-
cerning because their global prevalence is
increasing, with substantial implications for
the burden of premature MI.35,36

Our study evaluated the association of 19
risk factors with premature MI, identified arti-
cles from various electronic databases from
database inception to April 2020, and had 2
investigators independently screen articles,
extract data, and assess RoB. This allowed us
to apply a uniform rigorous methodology
;5(4):783-794 n https://doi.org/10.1016/j.mayocpiqo.2021.03.009
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Risk factor

Demographic characteristics

Sex (male vs female) 2.39 (1.72-3.35) 1,972,026 3 55.2

Lifestyle risk factors
Smoking (current vs no/former) 4.34 (3.68-5.12) 3,209,848 48 92.6

Clinical risk factors
Diabetes mellitus 3.54 (2.69-4.65) 5,174,321 42 89.9

Biomarkers
Total cholesterol level >200 mg/dL vs �200 mg/dL 3.24 (2.28-4.59) 5129 8 82.0

LDL cholesterol level, high, not specified 2.23 (1.62-3.06) 468 2 0.0

HDL cholesterol level 60 mg/dL vs �60 mg/dL 2.96 (2.14-4.11) 1283 2 0.0

Triglyceride level >150 mg/dL vs �150 mg/dL 2.20 (1.37-3.54) 1064 3 86.6

Hypertension 2.85 (2.48-3.27) 5,177,526 45 84.3

Dyslipidemia 2.94 (1.76-4.91) 3,163,027 21 98.5

BMI �30 kg/m2 vs <30 kg/m2 1.64 (1.31-2.06) 4,382,036 16 94.9

BMI �25 kg/m2 vs <25 kg/m2 1.46 (1.24-1.71) 1,821,224 15 84.4

Smoking (prior vs no/current) 1.21 (0.78-1.88) 8879 12 84.4

Alcohol (current vs no/former) 1.10 (0.82-1.46) 3,187,345 13 93.1

Alcohol (prior vs no/current) 0.74 (0.47-1.16) 4561 2 0.0

Race (white vs other) 0.74 (0.55-0.99) 5874 5 48.6

Race (black vs other) 1.14 (0.42-3.08) 7641 3 86.0

Family history of cardiac disease 2.67 (2.29-3.27) 1,990,987 35 72.8

Odds ratio
(95% CI)

Participants
(no.)

Studies
(no.)

Heterogeneity,
(%)I2

0.25 0.5

Lower risk of premature MI Higher risk of premature MI
1 2 4 8

FIGURE 3. Pooled risk estimates for risk factors associated with the risk of premature MI. Pooled risk estimates include data with or
without adjustment of cardiovascular risk factors. Given variability in the operational definition of risk factors across studies, risk factors
were approximated to conventional definitions for inclusion in the meta-analysis (Supplemental Table 4, available online at http://
www.mayoclinicproceedings.org). Details on study characteristics, risk factors, risk estimates by sex, and risk estimates by risk of
bias are given in Supplemental Tables 4 to 15 and Supplemental Figures 1 to 14 (available online at http://www.mayoclinicproceedings.
org). For family history of cardiac disease, diabetes mellitus, hypertension, dyslipidemia, and LDL cholesterol level, pooled risk esti-
mates are based on the presence vs absence of the risk factor. Diabetes mellitus includes type 1 and/or type 2 diabetes. BMI, body
mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction. SI conversion factor: To convert
mg/dL values to mmol/L, multiply by 0.0259.

RISK FACTORS FOR PREMATURE MYOCARDIAL INFARCTION
and summarize risk estimates for several risk
factors. Our study differs from studies that
evaluated single risk factors, applied time re-
strictions to the search, had independent eval-
uations at select stages in the review process,
or were narrative descriptions. One study
compared the prognosis of smokers vs non-
smokers in adults 45 years and younger with
Mayo Clin Proc Inn Qual Out n August 2021;5(4):783-794 n https:/
www.mcpiqojournal.org
MI.37 This study included articles from 2001
to 2017 and included only adults with MI;
based on 4 studies, there were no differences
between smokers and nonsmokers with in-
hospital cardiac events and major adverse car-
diovascular events.37 Recent narrative reviews
have highlighted the cardiovascular risk factor
burden in young adults.38-40 These reviews
/doi.org/10.1016/j.mayocpiqo.2021.03.009 789
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focused on primary and secondary cardiovas-
cular prevention and management in women,
on risk factors for diverse cardiovascular con-
ditions (eg, IHD and atrial fibrillation), and on
differences between young and older adults
with IHD.38-40 Consequently, the search strat-
egy and study selection criteria differed from
our study. Recently, the Atherosclerosis Risk
in Communities Study based in the United
States reported that from 1995 to 2014, the
prevalence of hypertension and diabetes melli-
tus has increased in adults aged 35 to 54 years
hospitalized with MI.41 Taken together, these
studies support our results on risk factors
associated with a higher risk of premature MI.

Risk factors identified in our meta-analysis
are a useful starting point for discussions be-
tween providers and patients but will require
formal evaluation and integration into risk
prediction scores. Current cardiovascular risk
scores such as pooled cohort equations (adults
aged 40-79 years), Reynolds risk score (adults
aged 45-80 years), Framingham risk score
(adults aged 30-74 years), QResearch risk
score (adults aged 25-84 years), Systematic
COronary Risk Evaluation (adults aged 45-
80 years), and Coronary Artery Risk Develop-
ment in Young Adults risk score (adults aged
18-30 years) use different risk factors and car-
diovascular end points, yield different esti-
mates of cardiovascular risk, and are not
validated in adults below the age cutoff points
of their cohorts.42-47 This is relevant as coro-
nary atherosclerosis begins to develop in late
adolescence or early adulthood, below the
age cutoff point of cohorts used for current
risk scores.48,49 In addition, current risk scores
emphasize conventional MI events (ie, MI in
men older than 55 years and in women older
than 65 years), but predominant risk factors in
premature and conventional MI may be
different. Recently, there were a few reports
that compared risk factors associated with pre-
mature and conventional MI. Studies such as
Framingham Heart Study and INTERHEART
found the age-related association of bio-
markers (eg, total cholesterol and apolipopro-
tein B) and cardiovascular risk.33,50 Genetic
studies have found that familial hypercholes-
terolemia mutations and polygenic scores are
associated with a higher risk of premature
MI, suggesting that the pathophysiology of
premature and conventional MI may
Mayo Clin Proc Inn Qual Out n August 2021
differ.51,52 Further studies are required to
identify these differences and guide the devel-
opment of targeted therapies, in particular for
young adults. Compared with conventional
MI, premature MI was associated with a higher
prevalence of smoking, obesity, and family
history of cardiac disease but a lower preva-
lence of diabetes mellitus and hyperten-
sion.38,53 Consistent with these findings, a
recent study found that the 25-year risk of
premature atherosclerotic cardiovascular dis-
ease (cardiovascular and cerebrovascular)
events could be predicted on the basis of sim-
ple lifestyle factors (eg, diet and physical activ-
ity).46 These results support observations from
the present study and stress the need for risk
prediction scores specific to premature MI.
Most risk prediction scores were developed
and validated in adults older than 40 years.
In adults aged 25 to 40 years, further research
is required to identify risk factors that predict
the risk of premature MI. The present study
identified demographic characteristics, lifestyle
risk factors, clinical risk factors, and bio-
markers associated with odds of premature
MI. Whether these or other factors (eg, lipo-
proteins, inflammatory biomarkers, or meta-
bolic biomarkers) can predict the risk of
premature MI should be the topic of future
studies.

Recent studies found that young women
compared with older women or similarly
aged men have a higher prevalence of myocar-
dial infarction in the absence of obstructive
coronary artery disease, a clinical entity of
MI with less than 50% coronary occlusion.54

The risk factors for myocardial infarction in
the absence of obstructive coronary artery dis-
ease are not well understood and may explain
part of the burden of MI in younger people.
Although the risk factors identified in the pre-
sent study may not explain causative factors in
atherosclerosis, future studies will be required
to identify whether other risk factors (eg, novel
biomarkers) reveal pathways involved in accel-
erated atherosclerosis.

At the global level, the higher burden of
premature MI has affected several countries
including Australia, Canada, the United
Kingdom, and the United States, in which
the rates of incidence and mortality for prema-
ture MI appear to be increasing.55-60 From
2019 to 2035, the cost of managing premature
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cardiovascular disease in the United States is
projected to increase from US$270 billion to
US$370 billion, and much more globally.61

Recently, the Disease Control Priorities 3
working group provided policymakers with
broad recommendations on cost-effective car-
diovascular interventions.62 Although not spe-
cific to premature MI, these recommendations
as well as findings from our meta-analysis may
guide local and regional interventions for pre-
mature MI. Targeting key risk factors high-
lighted in this and other studies could
reduce the number of premature cardiovascu-
lar deaths in men (from >5 million to 3.5
million) and women (from 2.8 million to 2
million) by the year 2025.63

Our study has potential limitations. We
included only English language articles, which
may alter the precision of our estimates but
not necessarily cause systematic bias.64 During
primary screening, we excluded abstracts that
did not mention risk factors or age groups of
interest; therefore, studies may have been
excluded inadvertently if this information
was not reported in the abstract. To mitigate
this, we used a broad search strategy as evi-
denced by the large number of articles ob-
tained for primary screening and had 2
authors independently screen articles. Further-
more, few studies included in the meta-
analysis used unconventional operational
definitions for risk factors or cutoff points
for biomarkers, which we approximated to
conventional definitions and cutoff points.
Also, studies differed by design (eg, cross-
sectional and cohort) and whether the risk es-
timates were adjusted for cardiovascular risk
factors and by the number of risk factors
adjusted, which could potentially alter the
magnitude of the association between risk fac-
tors and premature MI. To mitigate potential
bias, we incorporated information on whether
risk estimates were adjusted for cardiovascular
risk factors into the RoB assessment
(Supplemental Tables 3 and 6). These were
determined a priori, and we provided pooled
and subtotal estimates on the basis of RoB.
Further, we did not include studies that report
only concentrations/levels of biomarkers as
they could not be used to derive risk esti-
mates. Despite this, our study has several
strengths as it comprehensively analyzed the
association of several risk factors with
Mayo Clin Proc Inn Qual Out n August 2021;5(4):783-794 n https:/
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premature MI, applied rigorous methodology,
and identified several risk factors amenable to
interventions. To our knowledge, this study is
the most comprehensive evaluation of risk fac-
tors associated with premature MI and iden-
tifies risk factors amenable to individual and
population level interventions.

In this study, most data were from high-
income countries. Future studies should focus
on improving risk prediction in young adults,
particularly in regions such as Latin America,
Middle East and North Africa, and sub-
Saharan Africa, in which the burden of prema-
ture MI is high and there is a paucity of studies
of risk factors. Future studies should also
consider combining individual level data
from studies of biomarkers to estimate differ-
ences in premature MI and controls. Studies
should also focus on long-term outcomes of
individuals with premature MI. In this regard,
the Young-MI cohort based on 2 hospitals in
Boston, Massachusetts, has characterized risk
factors and short- and long-term outcomes in
adults younger than 55 years with
MI.11,19,65-68 Similar studies in other regions/
countries may guide clinical practice and
monitoring of individuals with premature
MI. Ultimately, success will require coordina-
tion between governmental and nongovern-
mental stakeholders to place “people first” on
any agenda that strives to reduce premature
cardiovascular mortality by the year 2030, as
prioritized in the United Nations Sustainable
Development Goals.2

CONCLUSION
This meta-analysis identified major modifiable
risk factors for premature MI, including dia-
betes mellitus, smoking, dyslipidemia, and
obesity. We also found that higher levels of to-
tal cholesterol, LDL cholesterol, and triglycer-
ides and lower levels of HDL cholesterol
were associated with a higher risk of prema-
ture MI. The significance of these risk factors
to the burden of premature MI is concerning
because the global prevalence of most of these
risk factors is increasing, with significant im-
plications for the burden of premature MI.
However, most of these risk factors are modifi-
able and amenable to interventions. We did
not identify articles related to socioeconomic
status and the risk of premature MI, and
further studies are required to determine
/doi.org/10.1016/j.mayocpiqo.2021.03.009 791
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whether socioeconomic status is associated
with the risk of premature MI. Further
research is required to develop interventions
at the person, population, and policy levels
to reduce the burden of these risk factors
and of premature MI.
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