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1. Overview
Significant advances in primary and secondary prevention of cardiovascular disease
(CVD) have led to a large reduction in the incidence of cardiovascular events as well
as cardiovascular mortality.(1) However, the same reduction in cardiovascular
events has not been witnessed in young adults(2), and CVD remains a major cause
of death among young individuals around the world.(3)
Over the past decade, the incidence of acute myocardial infarction (MI)
among persons <55 years of age has remained stable.(2) With increasing rates of
traditional cardiovascular risk factors such as diabetes, obesity, hypertension,
hyperlipidemia and smoking, it is likely that coronary artery disease (CAD) will
become even more prevalent in this age group.(4-7) Furthermore, considerable
challenges exist in prevention of CAD among young individuals, as significant
proportions are unaware of their risk factors.(8) Current risk calculators - which are
based on older populations - are less applicable to younger patients, especially
those who are < 40 years of age.(9) Finally, young adults may have higher rates of
medication non-adherence. (10) Even among patients identified to be at high risk,
appropriate medical therapy is rarely instituted.(11)
The burden of CAD in the young is an important public health issue given the
negative impact on physical, mental, social, and financial health, and greater
healthcare utilization among affected individuals. Therefore, we set out to assess the
demographics, clinical characteristics, prevalence of high-risk phenotypes and
guideline-based eligibility for risk reduction strategies of young patients presenting
with a first-time MI.
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Abstract (315 of 300 words)
Background Despite significant progress in primary prevention, the rate of MI has
not declined in young adults.
Objectives We aimed to evaluate statin eligibility based on the 2013 American
College of Cardiology / American Heart Association (ACC/AHA) guidelines for
treatment of blood cholesterol and 2016 United States Preventive Services Task
Force (USPSTF) recommendations for statin use in primary prevention in a cohort
of adults who experienced a first-time myocardial infarction (MI) at a young age.
Methods The YOUNG-MI registry is a retrospective cohort study from two large
academic centers which includes patients who experienced an MI at 50 years of age
or younger. Diagnosis of Type 1-MI was adjudicated by study physicians. Pooled
cohort risk equations (PCE) were used to estimate atherosclerotic cardiovascular
disease (ASCVD) risk score based on data available prior to MI or at the time of
presentation.
Results Of 1685 patients meeting inclusion criteria, 210 (12.5%) were on statin
therapy prior to MI and were excluded. Among the remaining 1475 individuals, the
median age was 45 years, there were 294 (20%) women, and 846 (57%) had STEMI.
At least one cardiovascular risk factor was present in 1225 (83%) patients. The
median 10-year ASCVD risk score of the cohort was 4.8% (interquartile range: 2.8,
8.0). Only 724 (49%) and 430 (29%) would have met criteria for statin eligibility
per the 2013 ACC/AHA guidelines and 2016 USPSTF recommendations,
respectively. This finding was even more pronounced in women, in whom 184
6

(63%) were not eligible for statins by either guideline, compared with 549 (46%) of
men (p<0.001).
Conclusions The vast majority of adults who present with an MI at a young age
would not have met current guideline-based treatment thresholds for statin therapy
prior to their MI. These findings highlight the need for better risk assessment tools
among young adults.
Condensed Abstract
This study evaluated how current guidelines classified the eligibility for primary
prevention statins when applied to a large cohort of patients who experienced a first
MI before or at 50 years, as would have been determined prior to their MI. Among
1475 patients, the majority (n=1068;72%) had an ASCVD score <7.5%. Only 724
(49%) and 430 (29%) met criteria for statin eligibility (statin considered or statin
recommended) per the 2013 ACC/AHA guidelines and 2016 USPSTF
recommendations, respectively. Our findings suggest that current guidelines may
fail to identify at-risk young individuals, and better risk assessment tools are needed
for this population.
List of Abbreviations
ACC – American College of Cardiology
AHA – American Heart Association
ASCVD – Atherosclerotic Cardiovascular Disease
CAD – Coronary Artery Disease
HDL – High Density Lipoprotein
LDL – Low Density Lipoprotein
MI – Myocardial Infarction
NCEP – National Cholesterol Education Panel
PCE – Pooled Cohort Equations
STEMI – ST-segment Elevation Myocardial Infarction
USPSTF – United States Preventive Services Task Force
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Introduction
Significant progress in prevention of coronary artery disease (CAD) has led to a
decrease in the incidence of myocardial infarction (MI).(1) However, recent reports
highlight that the reduction in the rate of MI has not extended to young adults, and
young women in particular, continue to have worse cardiovascular outcomes than
men. (2, 3)
Identifying individuals who are at risk for cardiovascular events is
paramount, as such individuals can be targeted for more aggressive primary
prevention efforts.(4) Nevertheless, predicting risk in young adults is challenging,
and most risk calculators fail to identify susceptible young adults as high risk. For
instance, a prior study applied the National Cholesterol Education Program (NCEP)
III guidelines(5) to a group of young adults with MI and reported that only 25%
would have been eligible for statin therapy prior to their MI.(6)
However, risk prediction has evolved considerably, and the 2013 American College
of Cardiology/American Heart Association (ACC/AHA) guidelines for cholesterol
lowering (7) and 2016 United States Preventive Services Task Force (USPSTF)
recommendations for primary prevention statin use (8) have significantly expanded
the number of individuals who are candidates for statin therapy. (9)
The under-estimation of cardiovascular risk among young individuals, and
the subsequent lost opportunity to prevent events is concerning, given the disparity
in reducing the rate of MI this population. (3) Therefore, we sought to determine
how contemporary guidelines perform in identifying the need for statin therapy,
among a cohort of men and women who experienced a first-time MI at a young age.
8

In addition, within this cohort we evaluated the prevalence of major cardiovascular
risk factors, to determine their utility in enhancing the identification of at-risk young
individuals.
Methods
Study Population
The design of the YOUNG-MI registry has been previously described.(10) In
brief, this is a retrospective cohort study from two large academic medical centers
(Brigham and Women’s Hospital and Massachusetts General Hospital) which
included patients who experienced an MI at or before 50 years of age between 2000
and 2016. All records were adjudicated by a team of study physicians, as previously
described,(10) using the Third Universal definition of MI.(11) For the present
analysis, only patients with Type 1 MI were included. Individuals with known CAD
(defined as prior MI or revascularization) were excluded. Individuals were also
excluded if they had missing values for lipid profiles or systolic blood pressure,
which are necessary components for the Pooled Cohort Equations (PCE) for
estimation of cardiovascular risk and hence determination of statin eligibility. (12)
Online Figure 1 provides a consort diagram of the study population.

Risk Factors
Presence of cardiovascular risk factors was ascertained by a detailed review
of electronic medical records during or before the index admission. For each risk
factor, we also determined whether it was known prior to admission or diagnosed
during hospitalization. Diabetes was defined as fasting plasma glucose >126 mg/dL
9

or hemoglobin A1c ≥6.5% or diagnosis/treatment for diabetes. Hypertension was
defined as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm
Hg, or diagnosis/treatment of hypertension. Dyslipidemia was defined as total
cholesterol ≥240 mg/dL, serum triglycerides ≥150 mg/dL, high-density lipoprotein
cholesterol <40 mg/dL in men or <50 mg/dL in women, or diagnosis/treatment of
dyslipidemia. Obesity was defined as a body mass index ≥ 30 kg/m2 or a diagnosis of
obesity. Smoking was defined as current (tobacco products used within the last
month), former, or never. Family history of premature CAD was defined as fatal MI,
non-fatal MI or coronary revascularization occurring before 55 years of age for firstdegree male family members and before 65 years of age for first-degree female
family members, and was captured by a thorough review of the electronic medical
records which included all clinic notes prior to admission, admission history and
physical, discharge summaries and follow-up visit notes.

Assessment of Cardiovascular Risk
In order to determine whether each individual would qualify for statin
therapy prior to their MI, we calculated the atherosclerotic cardiovascular disease
(ASCVD) risk score based on data available prior to MI or at time of presentation
using the PCE. For individuals younger than 40 years of age at presentation, an age
of 40 was assigned, as PCE are only applicable to individuals aged 40 to 79 years.
For those with a triglyceride level of > 400 mg/dL, the method described by Martin
et al. was used to estimate low-density lipoprotein (LDL) cholesterol, as this method
has been shown to be more accurate compared with the Friedewald equation in
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such scenarios.(13) Risk factors that were diagnosed during the index
hospitalization for MI were not used for calculating the risk scores, as the intent of
our study was to evaluate how many patients would have met criteria for statin
therapy prior to presentation.
In addition to the ASCVD 10-year risk, we also estimated the lifetime
cardiovascular risk based on the burden of traditional risk factors.(14) The criteria
used to define each risk category is provided in Online Table 1. The cohort was also
divided into low lifetime risk group (lifetime risk <39%) and high lifetime risk
group (lifetime risk ≥39%), based on prior studies.(15)

Statin Eligibility
The 2013 ACC/AHA guidelines(7) and the 2016 USPSTF
recommendations(8) were used to assess statin eligibility. Individuals were
considered to be statin eligible if guidelines indicated statins are recommended or
statins are considered. Although, our goal was to evaluate contemporary statin
guidelines, we also assessed statin eligibility according to the older NCEP III
guidelines. (5) Specific criteria that were followed for each guideline are detailed in
Online Table 2.

Data management
Study related data for all patients who meet inclusion criteria were stored on
our customized secure electronic adjudication system and REDCap. REDCap is an
encrypted, secure, Health Insurance Portability and Accountability Act compliant
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web platform for electronic data capture and serves as an intuitive interface to enter
data with real time validation.(16) The YOUNG-MI registry has been approved by
the Institutional Review Board at Partners HealthCare.

Statistical analysis
Categorical variables are reported as frequencies and proportions, and
compared with Chi squared or Fisher’s exact test, as appropriate. Continuous
variables are reported as means or medians and compared with t-tests or MannWhitney U test, as appropriate.
In order to determine how the ASCVD risk score or the 2013 ACC/AHA
guidelines can be enhanced to identify more individuals prior to their MI, we
reclassified all statin ineligible individuals with LDL cholesterol ≥ 160 mg/dL or
family history of premature cardiovascular disease to statin considered, as these
criteria were offered by the guidelines as additional factors which may influence
ASCVD risk. (7)
Because most patients did not have any available data on lipid values prior
to their MI, and since lipid levels can decrease at the time of MI, we performed two
separate sensitivity analyses to determine the potential impact of using lipid values
obtained at the time of MI. First, we performed a sensitivity analysis which only
included patients who had available cholesterol measurements prior to their MI.
Second, we performed a separate sensitivity analysis where we increased the total
cholesterol level of all patients who did not have prior cholesterol values by 12%.
This was based on the observed decreased in total cholesterol in our cohort among

12

patients who had measurements of total cholesterol prior to their MI and upon
admission. Because blood pressure during hospitalization for MI can be labile, we
also performed a sensitivity analysis which only included patients who had available
blood pressure measurements prior to their MI. A two-sided p-value of <0.05 was
considered significant. All analyses were performed using Stata Version 14.2
(StataCorp, College Station, TX).

Results
Baseline characteristics
The cohort consisted of 1685 patients who met inclusion criteria, of whom
210 (12.5%) were on statin therapy prior to MI. These patients were excluded from
all subsequent analyses. The remaining cohort consisted of 1475 individuals with a
median age of 45 years, of whom 294 (20%) were women and 1060 (72%) were
white. There were 255 patients (17.3%) under the age of 40 at the time of the MI
(range 19-39 years). Other baseline characteristics are provided in Table 1.

Prevalence and Awareness of Risk Factors
When examining the prevalence of risk factors, 1225 (83%) patients had at
least one of the following: diabetes, dyslipidemia, hypertension, or smoking.
Dyslipidemia was the most common risk factor, which was present in 818 (55%)
patients, followed by smoking in 772 (52%) and hypertension in 649 (44%). Figure
1 shows the distribution of the most common risk factors within our cohort,
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stratified by the proportion of patients who are recommended, considered, or not
recommended statins by the 2013 ACC/AHA guideline.
Among the patients with dyslipidemia, 163/818 (20%) had no prior history
of this condition and were first diagnosed during the index hospitalization for MI.
Similarly, diabetes and hypertension were first diagnosed in 55/246 (22%) and
61/649 (9%) of patients, respectively. When considering the three major
cardiovascular risk factors proposed by the USPSTF – namely, diabetes,
dyslipidemia and hypertension, 226 (21%) out of 1069 patients were unaware of
having at least one of these risk factors.

Cardiovascular Risk & Statin Eligibility
The median ASCVD risk score of the population was 4.8% (IQR 2.8-8%), with
1068 (72%) having an ASCVD risk score of <7.5%. When considering the lifetime
cardiovascular risk of the population, 1184 (80.3%) were at high risk. (Figure 2).
Online Figure 2 provides detailed risk factor burden and lifetime risk estimates
stratified by sex.
When applying the 2013 ACC/AHA guideline, only 455 (31%) would have
met criteria for initiation of statin therapy prior to their MI, an additional 269 (18%)
would have met criteria for consideration of statin therapy, and the remaining 751
(51%) would not have been eligible for primary prevention statin therapy (Central
Illustration).
When applying the 2016 USPSTF recommendations, only 269 (18%) would
have met criteria for initiating statin therapy, an additional 161 (11%) would have

14

met criteria for consideration of statin therapy, and the remaining 1045 (71%)
would not have been eligible for statin therapy (Central Illustration).
When applying both the 2013 ACC/AHA and the 2016 USPTF
recommendations to our entire study population, only 742 (50%) patients would
have been categorized as statin eligible– i.e., categorized as statin recommended or
statin considered by either guideline -- prior to their MI. Furthermore, 23%
(52/226) and 43% (98/226) of patients with at least three of the following risk
factors - diabetes, hypertension, dyslipidemia and smoking - would not have been
eligible for statin therapy according to the 2013 ACC/AHA guidelines and 2016
USPSTF recommendations, respectively (Figure 3).
The number of patients in which the variables required for calculating the
ASCVD risk score, were available pre-presentation, are provided in Online Table 3.
When we increased the total cholesterol of all patients without prior lipid values, we
observed a similar proportion eligible for statin therapy (56% by 2013 ACC/AHA
and 34% by 2016 USPSTF, Online Table 4). When we limited our analyses to
patients who had available cholesterol levels prior to their MI, we observed that a
greater proportion of these patients were eligible for statins compared with the
overall study population (63% vs. 48% by 2013 ACC/AHA; Online Table 5). This
was driven by the fact that this group had more risk factors, including a higher
prevalence of diabetes and hypertension, than those who did not have lipid values
obtained prior to their MI (Online Table 6). When we limited our analysis to
patients who had available blood pressure measurements prior to MI, there was no
significant difference in statin eligibility (Online Table 7).
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We also evaluated the NCEP III guidelines, according to which 347 (23%)
would have met criteria for initiating statin therapy, 160 (11%) would have met
criteria for consideration of statin therapy, and the remaining 968 (66%) would not
have been eligible for statin therapy. (Online Table 8). Figure 4 depicts the
proportion of statin eligibility and the overlap between the three guidelines.

Sex Differences
When considering the prevalence of risk factors by sex, there were
significant differences. When compared with men, women had a lower prevalence
of hyperlipidemia (30% vs. 59%; p<0.001), lower total cholesterol, LDL cholesterol
and triglycerides, but higher HDL cholesterol. Women also had a higher prevalence
of obesity (37% vs. 28%; p=0.003) and a trend towards a higher prevalence of
smoking (57% vs. 51%; p=0.068). The median ASCVD risk score was significantly
lower in women (3.2 vs. 5.2; p<0.001) and 244 (83%) women had an ASCVD score
of <7.5% compared to 824 (70%) men (p<0.001, Table 2).
When applying the 2013 ACC/AHA guidelines, over 64% of women would
not have been eligible for statin therapy compared with 49% of men (p<0.001)
(Figure 5). When applying the USPSTF recommendations, 82% of women would
not have been eligible compared with 68% of men (p=0.002). Overall, only 37% of
women would have been eligible for statin therapy by either the 2013 ACC/AHA or
USPSTF guidelines compared with 54% of men (p<0.001, Table 2).
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Enhancement of Statin Eligibility
We estimated the effect of modifying the risk prediction and incorporating
additional risk factors to increase statin eligibility and these are provided in the
Supplement and Online Figure 3.
Discussion
To the best of our knowledge, this study is the first to apply the 2013
ACC/AHA cholesterol guidelines and 2016 USPSTF primary prevention
recommendations for statin therapy to a large cohort of adults who experienced an
MI at a young age, and one of the largest to look at distributions of risk factors prior
to MI among adults under the age of 50. We found that despite the expanded use of
statins advocated by these recommendations, (9, 17) current guidelines did not
identify most young adults who experienced a MI to be eligible for statins at the time
of or prior to their event. In our study, 51% of subjects would not have been eligible
for statin therapy prior to their MI if the 2013 ACC/AHA guidelines were
implemented and 71% would not have been eligible by the 2016 USPTF
recommendations. Our findings were more striking in women, where only 36% and
18% were determined to be eligible by the 2013 ACC/AHA guidelines and 2016
USPSTF recommendations, respectively. It is notable that the underestimation of
risk in this cohort exists despite the high prevalence of traditional cardiovascular
risk factors (with 4 out of every 5 patients having at least one major cardiovascular
risk factor). Furthermore, in calculating the ASCVD risk score we conservatively
increased the minimum age to 40, and reclassified all patients in the statin
considered category (i.e., ASCVD risk score of 5-7.5%) as statin eligible, as has been
17

suggested by others as a method for improving the applicability of these criteria to
young adults. (18)

Risk prediction in young adults
In 2002, Akosah et al. (6) evaluated the statin eligibility of 222 “young adults” (men
≤ 55 and women ≤ 65 years) hospitalized for MI using the NCEP III guidelines that
were used at that time and found that 82% of women and 59% of men did not meet
thresholds for pharmacotherapy prior to their MI, despite a high prevalence of
cardiovascular risk factors, particularly among women. The authors concluded that
there is a need for better risk prediction in young adults. While various guidelines
have subsequently been developed, no studies have been performed applying the
various proposed criteria to young adults. When applied to other populations, the
ASCVD risk calculator based on the PCE has been shown to overestimate risk (1921); however, our findings suggest that this risk score, which is highly dependent on
age(19, 22), also has the potential to underestimate risk in younger individuals.
While the 2016 USPSTF recommendations and 2001 NCEP III guidelines each
identify a small proportion of individuals that was not eligible by 2013 ACC/AHA
guidelines, even when considering patients who may be eligible by any of the 3
guidelines, a significant proportion of at-risk population would not have been
categorized as statin eligible (Figure 4).
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Opportunities for enhancing risk prediction
In the current era of generic statins which are generally well tolerated,
several mechanisms have been suggested for better identification of more at-risk
individuals. For instance, Navar-Boggan et al. (18) suggested that decreasing the
treatment threshold to include the statin considered group (i.e., ASCVD risk score of
5-7.5%) would improve the sensitivity of identifying individuals who ultimately
experienced cardiovascular events. In our cohort, this increased statin eligibility by
18% for the ACC/AHA guideline. In addition to performing these measures, we also
evaluated how including other risk factors proposed by the 2013 ACC/AHA statin
guidelines may further enhance risk prediction. Specifically, we found that
reclassifying all patients with LDL cholesterol >160 mg/dL and a family history of
premature CAD as statin eligible, would increase the proportion of treated patients
from 49% to 66%. However, any criteria that would identify more at-risk
individuals, would lead to a higher proportion of treated patients across the
population who would not necessarily experience events. Thus, while our findings
suggest that incorporating the above risk factors in making decisions regarding the
role of statins in young individuals may be important, future investigations should
further elucidate the population-level impact of such approaches aimed at
expanding the number of individuals treated.
Any effort to expand the number of treated young individuals should also
incorporate the following considerations: (i) While no randomized studies have
assessed the role of statins for primary prevention among young adults, Mendelian
randomization studies suggest that a longer exposure to low LDL cholesterol may
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provide long term benefits; (23) (ii) while the overall risk of most young patients is
low, younger individuals represent the largest proportion of the population who are
at risk; (24) (iii) patients who experience an MI at a younger age suffer a larger
economic impact as their lifetime earnings and societal contributions are affected to
a greater extent. Ultimately, in the absence of randomized data, (25) and given the
need to balance the risks and benefits of treatment, together with patients’ disutility
from being on statin therapy, there is an important need to incorporate shared
decision making between patients and physicians. (26)

In addition to the aforementioned efforts in identifying at-risk patients, our
study also reinforces the need for more primordial prevention.(27-29) In fact,
greater than 80% of the patients who had an MI at a young age had at least one
modifiable risk factor, with dyslipidemia, smoking, and hypertension being the most
prevalent. USPSTF has established guidelines for screening for traditional
cardiovascular risk factors in adults, and current recommendations include:
screening for hypertension annually in patients aged 40 years and above, and every
3-5 years in patients 18 to 40 years of age;(30) screening overweight or obese
adults age 40 to 70 years for diabetes;(31) and providing pharmacotherapy or
behavioral interventions to adults for smoking cessation.(32) The USPSTF
recommends screening for dyslipidemia every 5 years in patients aged 40 and
above, but recommends neither for nor against screening patients aged 21-39 years,
citing lack of evidence in this age group.(8) The 2013 ACC/AHA cholesterol
guidelines have expanded the number of individuals eligible for statin therapy, and
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accordingly recent data suggests that there has been a gradual but sustained
increase in statin use for primary preventions.(33)

Sex Differences in Statin Eligibility
Women had significantly lower statin eligibility compared with men, even though
there were no significant differences in age or the burden of risk factors between
men and women. While the more pronounced underestimation of risk in women in
our cohort cannot be explained by differences in age or risk factors alone, it is
noteworthy that the PCE has been shown to overestimate risk in women (34).
Further research is required to better identify risk and prevent cardiovascular
disease in women, particularly as women have worse outcomes post-MI compared
with similarly aged men. (35)

Limitations
Our study is retrospective in nature and thus subject to limitations regarding
uniformity of data collection. However, our retrospective cohort design is ideal for
studying less frequent conditions, such as MI in young individuals. In addition, we
performed a manual review of all admission notes rather than rely on billing or
other coded information in order to, both adjudicate the presence of MI, as well as
determine the prevalence of various risk factors. While our findings reinforce the
need for better identification of risk among young individuals, a limitation of our
study is that we only evaluated individuals who experienced an MI, without
considering the overall at-risk population for this age group. As a result, we were
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not able to determine the prevalence of various risk factors across the population of
at-risk patients who did not experience a myocardial infarction, as has previously
been done by other population based cohorts. (36) In the future, use of machine
learning algorithms, may facilitate other study designs, such as retrospective casecontrol studies, which may provide further information in this regard.
Lipid levels maybe falsely lowered at the time of MI, however one of the
largest studies examining this did not find a clinically meaningful change. (37)
Nevertheless, we analyzed the change in total cholesterol for patients who had
available measurements before their MI and during the index admission. In these
patients, the total cholesterol decreased by 12%. Consequently, we performed a
sensitivity analysis by increasing the total cholesterol of all patients who did not
have prior cholesterol values by 12%, and our findings remained robust, suggesting
that any potential changes in lipid values peri-MI did not have a significant impact
on our findings.
Guidelines recommend considering factors such as high-sensitivity Creactive protein, coronary artery calcium and ankle brachial pressure index, but
results from such testing were not available for our cohort. Finally, our risk
estimates may be too conservative, as we increased the age of some of the patients
by more than 10 years, and it is likely that we would have observed an even higher
proportion of patients who were not statin eligible if we used actual age in
calculating the ASCVD risk score from PCE. However, the PCE are derived from and
thereby applicable only to those who are 40 -79 years of age. (12)
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Despite the fact that this study was conducted across two large academic
medical centers, our results remain generalizable to other settings, as our study
examines baseline risk level and is not related to the treatment received. While
there may be geographical differences in some cardiovascular risk factors, these are
unlikely to influence our main results, as our population had a high prevalence of
underlying risk factors, and it was their younger age, rather than failure to capture
these risk factors, that contributed to them being classified as statin ineligible. Our
study population was mostly white, and we recognize that certain groups such as
South Asians may have a higher predisposition to develop premature CAD and risk
scores may further underestimate risk,(38-40) however we did not have sufficient
power to analyze sub-groups based on race/ethnicity.

Conclusions
The vast majority of adults who present with an MI at a young age would not have
met current guideline-based treatment thresholds for statin therapy prior to their
MI. These findings highlight the need for developing better risk assessment tools
among young adults.
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Table 1: Baseline Characteristics
Factor

N=1475

Age at time of MI, median (IQR)

45 (41,48)

Female

294 (19.9%)

White

1060 (71.9%)

ST Elevation Myocardial Infarction

846 (57.4%)

Diabetes

246 (16.7%)

Hypertension

649 (44 %)

Dyslipidemia

818 (55.5%)

Current Smoking

772 (52.3%)

Former Smoker

196( 13.2%)

Premature CAD in 1st degree relative

424 (28.7%)

Obesity

437 (29.6%)

Total cholesterol mg/dL, mean (SD)

191.3 (55.9)

HDL cholesterol mg/dL, mean (SD)

37 (10.6)

LDL cholesterol mg/dL, mean (SD)

118.4 (45.9)

Triglycerides mg/dL, median (IQR)

145 (101,217)

ASCVD score, median (IQR)

4.8 (2.8, 8.0)

ASCVD Risk Category
<5 %

770 (52.2%)

5-7.5 %

298 (20.2%)

7.5-20 %

365 (24.7%)

>20 %

42 (2.8%)

Recommended / Considered for statin therapy by 2013
ACC/AHA
Recommended / Considered for statin therapy by 2016
USPSTF
Recommended / Considered for statin therapy by either
guideline

27

724 (49.1%)
430 (29.2%)
742 (50.3%)

Recommended / Considered for statin therapy by NCEP III

507 (34.4%)

Numbers represent N (% of total), unless otherwise stated
MI – myocardial infarction, CAD – coronary artery disease, HDL – High density
lipoprotein, LDL – Low density lipoprotein, ASCVD – atherosclerotic cardiovascular
disease
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Table 2: Sex differences

Factor

Male
(n=1181, 80%)

Age at time of MI, median (IQR)

Female
(n=294,
20%)

pvalue

45 (41, 48)

46 (42,48)

0.24

White

856 (72.5%)

204 (69.4%)

0.31

Diabetes

190 (16.1%)

56 (19%)

0.22

Hypertension

517 (43.8%)

132 (44.9%)

0.74

Hyperlipidemia

702 (59.4%)

116 (39.5%)

<0.001

Current Smoking

604 (51.1%)

168 (57.1%)

0.068

Former Smoker

167 (28.9%)

29 (23%)

0.19

Premature CAD in 1st degree relative

334 (28.3%)

90 (30.6%)

0.43

Obesity

329 (27.9%)

108 (36.7%)

0.003

Total cholesterol mg/dL, mean (SD)

193.1 (57)

184.1 (50.9)

0.014

HDL cholesterol mg/dL, mean (SD)

36.1 (9.5)

40.9 (13.8)

<0.001

LDL cholesterol mg/dL, mean (SD)

119.8 (45.9)

112.8 (45.6)

0.02

Triglycerides mg/dL, median (IQR)

153 (104, 230)

122 (86,177)

<0.001

5.2 (3.2, 8.5)

3.2 (1.2, 6.0)

<0.001

<5 %

571 (48.3%)

199 (67.7%)

5-7.5 %

253 (21.4%)

45 (15.3%)

7.5-20 %

326 (27.6%)

39 (13.3%)

31 (2.6%)

11 (3.7%)

603 (51.1%)

102 (34.7%)

<0.001

377 (31.9%)

53 (18%)

<0.001

632 (53.5%)

110 (37.4%)

<0.001

ASCVD score, median (IQR)
ASCVD Risk Group

>20 %
Recommended / Considered for
statin therapy by 2013 ACC/AHA
Recommended / Considered for
statin therapy by 2016 USPSTF
Recommended / Considered for
statin therapy by either guideline
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<0.001

Recommended / Considered for

378 (32%)

statin therapy by NCEP III guidelines

129 (43.9%)

<0.001

Numbers represent N (% of total), unless otherwise stated. MI – myocardial
infarction, CAD – coronary artery disease, HDL – High density lipoprotein , LDL –
Low density lipoprotein, ASCVD – atherosclerotic cardiovascular disease
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Figure legends and captions
Central Illustration title: Guideline based statin eligibility of young adults prior to
MI

Central Illustration caption: Contemporary statin guidelines were applied to 1475
young adults not on statins prior to myocardial infarction. The right panel displays
the stepwise implementation of the 2013 American College of Cardiology /
American Heart Association cholesterol guidelines. The left panel displays the
stepwise implementation of the 2016 United States Preventive Services Task Force
statin recommendations. The cohort is stratified by statin eligibility according to
specified guideline criteria into three groups – statin recommended (green), statin
considered (gray) and statin not recommended (red). The risk factors considered by
USPSTF guidelines include diabetes, hypertension, dyslipidemia and smoking. LDL –
Low density lipoprotein, ASCVD – atherosclerotic cardiovascular disease, CV –
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cardiovascular, ACC / AHA – American College of Cardiology / American Heart
Association, USPSTF – United States Preventive Services Task Force.
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Figure 1 title: Prevalence of cardiovascular risk factors stratified by statin eligibility

Figure 1 caption: Distribution of the most common risk factors within our cohort,
stratified by the proportion of patients who are recommended (green), considered
(gray), or not recommended (red) statins by the 2013 American College of
Cardiology / American Heart Association guidelines.
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Figure 2 title: Lifetime cardiovascular risk

Figure 2 caption: Proportion of patients with high lifetime cardiovascular risk
(≥39%) among young adults with MI.
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Figure 3 title: Burden of risk factors and statin ineligibility

Figure 3 caption: Proportion of patients not eligible for statin therapy stratified by
cumulative burden of cardiovascular risk factors by 2013 ACC / AHA (orange) and
2016 USPSTF recommendations (blue). * Cardiovascular risk factors considered
include diabetes, hypertension, dyslipidemia and smoking. ACC / AHA – American
College of Cardiology / American Heart Association, USPSTF – United States
Preventive Services Task Force.
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Figure 4 title: Statin Eligibility of Young Adults Prior to MI by Various Guidelines

Figure 4 caption: The square box represents the total population (n=1475) of
patients who experienced a myocardial infarction at a young age. The colored circles
represent the proportion of statin eligible (statins considered / statin
recommended) individuals. The size is directly proportional to magnitude of statin
eligibility, with the 2013 2013 ACC / AHA guidelines represented by the red circle,
2016 USPSTF recommendations represented by the green circle and NCEP III
guidelines represented by the golden circle. Overlap between circles represent
individuals that were eligible by multiple respective guidelines. AHA – American
College of Cardiology / American Heart Association, USPSTF – United States
Preventive Services Task Force, NCEP – National Cholesterol Education Panel.
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Figure 5 title: Sex differences in statin eligibility

Figure 5 caption: Classification of statin eligibility by the 2013 ACC / AHA
guidelines (orange) and 2016 USPSTF recommendations (blue) for women (right
panel) and men (left panel). ACC / AHA – American College of Cardiology /
American Heart Association, USPSTF – United States Preventive Services Task Force.
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SUPPLEMENTAL MATERIAL
Definitions
Online Table 1 – Criteria for lifetime risk categories
Risk Category
Definition
All optimal risk factors
Defined as total cholesterol <180
mg/dL, blood pressure <120/<80 mm
Hg, nonsmoker, and nondiabetic.
≥1 Not optimal risk factor

Defined as total cholesterol 180 to 199
mg/dL, systolic blood pressure 120 to
139 mm Hg, diastolic blood pressure 80
to 89 mm Hg, nonsmoker, and
nondiabetic.

≥1 Elevated risk factor

Defined as total cholesterol 200 to 239
mg/dL, systolic blood pressure 140 to
159 mm Hg, diastolic blood pressure 90
to 99 mm Hg, nonsmoker, and
nondiabetic.

1 Major risk factor

Defined as total cholesterol ≥240
mg/dL, systolic blood pressure ≥160
mm Hg, diastolic blood pressure ≥100
mm Hg, smoker, or diabetic.

≥2 Major risk factors

2 or more criteria in major risk factor
category.

Based on Lloyd-Jones, Donald M., et al. "Prediction of lifetime risk for cardiovascular
disease by risk factor burden at 50 years of age." Circulation 113.6 (2006): 791-798.
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Online Table 2 - Specific criteria followed for each guideline
Criteria used for 2013 ACC / AHA guidelines
1. Statins were classified as recommended if any of the following
hierarchical criteria were present:
a. LDL cholesterol ≥ 190 mg/dL
b. Diabetes with age 40 years or more and LDL cholesterol ≥ 70
mg/dL
c. ASCVD risk score ≥ 7.5% and LDL cholesterol ≥ 70 mg/dL
2. Statins were classified as considered if ASCVD risk score was between 5 7.5% and LDL cholesterol ≥ 70 mg/dL
3. Statins were classified as not recommended if none of the above criteria
were met.
Criteria used for 2016 USPSTF recommendations
1. Statins were classified as recommended if any of the following
hierarchical criteria were present:
a. LDL cholesterol ≥ 190 mg/dL
b. ASCVD risk score ≥ 10% and 1 cardiovascular risk factor * was
present
2. Statins were classified as considered if ASCVD risk score was between
7.5% - 10% and 1 cardiovascular risk factor was present
3. Statins were classified as not recommended if none of the above criteria
were met.
Criteria used for NCEP III guidelines
1. Statins were classified as recommended if any of the following
hierarchical criteria were present:
a. Diabetes with LDL cholesterol ≥ 100 mg/dL
b. Framingham risk score (FRS) > 20% with LDL cholesterol ≥ 100
mg/dL
c. 2+ risk factorsƗ with FRS 10-20% with LDL cholesterol ≥ 130 mg/dL
d. 2+ risk factors with FRS <10% with LDL cholesterol ≥ 160 mg/dL
e. 0-1 risk factor with LDL cholesterol ≥ 190 mg/dL
2. Statins were classified as considered if any of the following criteria were
present:
a. Diabetes with LDL cholesterol < 100 mg/dL
b. Framingham risk score (FRS) > 20% with LDL cholesterol < 100
mg/dL
c. 2+ risk factors with FRS 10-20% with LDL cholesterol 100-129
mg/dL
d. 0-1 risk factor with LDL cholesterol 160-189 mg/dL
3. Statins were classified as not recommended if none of the above criteria
were met.
*Cardiovascular risk factors considered by the USPSTF recommendations include
hypertension, dyslipidemia, diabetes and smoking. Ɨ risk factors considered by the
NCEP III guidelines include cigarette smoking, hypertension or on antihypertensive
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medication, HDL cholesterol <40 mg/dL, family history of premature cardiovascular
disease and age ≥45 in men. HDL ≥ 60 mg/dL is considered as a negative risk factor.
Sensitivity analyses
Online Table 3
Variables in ASCVD score: Age, Sex, Race, SBP, Treatment for HTN, Total cholesterol,
HDL cholesterol, Smoking, Diabetes
Variable
Number in which available prior to
MI
Systolic Blood Pressure
269 (18.2%)
Total cholesterol \ HDL cholesterol
242 (16.4%)
Diabetes
191 / 246 (77.6%)
Not applicable for other variables.
Online Table 4 - Adjusting total cholesterol
Total cholesterol was increased by 12% for patients that did not have lipid values
available prior to MI.
Criteria
2013 ACC/AHA
2016 USPSTF
Statin Not Recommended 655 (44%)
971 (66%)
Statin Considered
300 (20%)
163 (11%)
Statin Recommended
520 (36%)
341 (23%)
Online Table 5 – Analysis limited to patients who had available data on
cholesterol values prior to MI (N=242)
Criteria
2013 ACC/AHA
2016 USPSTF
Statin Not Recommended 89 (37%)
155 (64%)
Statin Considered
56 (23%)
16 (7%)
Statin Recommended
97 (40%)
71 (29%)
Online Table 6 – Characteristics of patients with cholesterol data available
prior to MI
Pre- MI lipids
Pre – MI lipids
Risk Factor
available
not available
(N=242)
(N=1233)
Age at time of MI, mean (SD)
44.0 (5.0)
43.9 (5.2)
Caucasian
164 (67.8%)
896 (72.7%)
Female
63 (26.0%)
231 (18.7%)
Diabetes
57 (23.6%)
189 (15.3%)
Hypertension
126 (52.1%)
523 (42.4%)
Dyslipidemia
138 (57.0%)
680 (55.2%)
Current Smoking
103 (42.6%)
669 (54.3%)
st
Premature CAD in 1 degree relative
66 (27.3%)
358 (29.0%)
ASCVD score, median (IQR)
6.0 (3.7, 10.5)
4.7 (2.7, 7.7)
ASCVD Risk Category
40

p-value
0.82
0.12
0.009
0.002
0.006
0.59
<0.001
0.58
<0.001

<5 %
5-7.5 %
7.5-20 %
>20 %

97 (40.1%)
62 (25.6%)
60 (24.8%)
23 (9.5%)

673 (54.6%)
236 (19.1%)
305 (24.7%)
19 (1.5%)

Online Table 7 – Analysis limited to patients with blood pressure available
prior to MI (N=269)
Criteria
2013 ACC/AHA
2016 USPSTF
Statin Not Recommended 119 (44%)
179 (67%)
Statin Considered
57 (21%)
22 (8%)
Statin Recommended
93 (35%)
68 (25%)
Online Table 8 – Statin eligibility by NCEP III guidelines
Criteria
NCEP III guidelines
Statin Not Recommended
968 (66%)
Statin Considered
160 (11%)
Statin Recommended
347 (23%)

Enhancement of Statin Eligibility
We estimated the effect of modifying the risk prediction and incorporating
additional risk factors to increase statin eligibility. These were only applied to the
2013 ACC/AHA guidelines as, by design, it identifies more individuals than the 2016
USPSTF recommendations. When considering all statin ineligible individuals with
LDL cholesterol >160 mg/dL and a family history of premature CAD, individually
and then in combination, there was a significant increase in the proportion of
patients considered for statins, as illustrated in Online Figure 3. Specifically, the
addition of both variables increased the eligibility by 17% (n=244; p<0.001).
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<0.001

Online Figures
Online Figure 1: Consort diagram. Of the 2098 adults with a first type 1 myocardial
infarction at ≤ 50 years of age, data on blood pressure and lipid profile was missing in
184 and 229 patients, respectively. Of the remaining 1685, 210 were on statin therapy
prior to presentation. The final analytic cohort consisted of 1475 patients.

Online Figure 2: Burden of risk factors and lifetime risk stratified by sex. This figure
illustrates the distribution of patients in various risk categories used to determine lifetime
cardiovascular risk. The height of the bars is reflective of the proportion of patients in
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that risk factor category. The labeled percentages are the estimated lifetime risk for that
category. Categories are as defined in Online Table 1. RF – Risk factor.
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Online Figure 3: Enhancement of statin eligibility. This figure illustrates the effect of
reclassifying patients with low density lipoprotein cholesterol > 160 mg/dL or family
history of premature coronary artery disease as statin considered for the 2013 ACC /
AHA guidelines. Vertical axis represents percent eligible for statin therapy. LDL – low
density lipoprotein, ACC / AHA – American College of Cardiology / American Heart
Association.
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Key Points (99 of 100 words)
Question What is the prevalence of familial hypercholesterolemia (FH) and the rate of
statin utilization among patients who experience a myocardial infarction (MI) at or below
the age of 50?
Findings Among 1996 young MI patients, FH was present in 180 (9%). High-intensity
statins were prescribed in 978 (49%) patients, and at 1-year follow up, 67% had an LDL
cholesterol of ≥ 70 mg/dL.
Meaning The prevalence of clinically defined FH is high among patients who experience
an MI at a young age. There remains an opportunity for more aggressive LDL cholesterol
lowering in the majority of such patients.

Abstract (351 of 350 words)
Importance There is limited data on the prevalence and treatment of familial
hypercholesterolemia (FH) among U.S. adults who experience a myocardial infarction
(MI) at a young age.
Objective We aimed to evaluate the prevalence of clinically defined FH and examine the
rates of statin utilization and LDL cholesterol (LDL-C) achieved 1-year post MI.
Design The YOUNG-MI registry is a retrospective cohort study which includes patients
who experience an MI at a young age between 2000-2016.
Setting Two academic centers in Boston, Massachusetts, USA.
Participants Adults who experienced an MI at or below the age of 50 years. Patients
with known coronary artery disease or missing LDL-C values were excluded.
Exposure Probable or definite FH as defined by the Dutch Lipid Clinic criteria.
Main Outcomes and Measures Proportion of patients classified as probable or definite
FH. Use of lipid lowering therapy. Proportion of patients with LDL-C ≥ 70 mg/dL among
those with LDL cholesterol at 1-year follow-up.
Results The cohort consisted of 1996 adults with a median age of 45 years (IQR 42-48),
382 (19%) were women and 1081 (54%) had STEMI. Probable/definite FH was present
in 9% (95% CI 7.8% to 10.4%). Of the 1966 patients surviving until hospital discharge,
89.4% of FH patients and 89.9% of non-FH patients were discharged on statin therapy
(P=0.82). Among FH patients 63.3% were discharged on high-intensity statin therapy
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compared with 48.4% for non-FH patients, P<0.001. At 1-year follow up, the percent
reduction in LDL-C among FH patients was -51.3% (IQR -63.2% to -33.1%) compared
with -37.7% (IQR -52.0% to -15.5%, P<0.001) in non-FH patients. The proportion of
patients with LDL ≥ 70 mg/dL was higher among FH patients (82.2%) compared with
non-FH patients (64.5%, P<0.001).
Conclusions and Relevance Clinically defined FH is present in nearly 1 in 10 patients
with MI at a young age. Only two-thirds of FH patients who experience a MI under the
age of 50 are discharged on high intensity statin therapy, and the vast majority have
elevated LDL-C at 1 year. Our findings reinforce the need for more aggressive lipid
lowering therapy in both FH and non-FH patients post-MI.
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Introduction
Familial hypercholesterolemia (FH) is a common, yet under-recognized condition
that leads to premature cardiovascular disease and increased cardiovascular morbidity
and mortality.(1) However, despite advances in diagnostics and screening, FH remains
undiagnosed in greater than 90% of patients.(2) While the prevalence of FH among the
US general population ranges about from 1 in 212 to 1 in 250,(3, 4) there is limited data
on the prevalence of FH among patients who experience a cardiovascular event at a
young age.
Statin therapy has been shown to reduce cardiovascular events in patients with
elevated cholesterol, but recent data suggest that young adults including those with LDL
cholesterol (LDL-C) ≥190 mg/dL have dismally low rates of statin use, with less than
half of such patients receiving a statin, despite being at high risk of cardiovascular events
from an early age.(5) Similarly, recent data from the nationally representative National
Health and Nutrition Examination Survey (NHANES) suggest that young patients with
FH may be grossly undertreated, with only 13% of young patients with FH receiving any
lipid lowering therapy.(3) This is despite the 2013 American College of Cardiology
/American Heart Association (ACC/AHA) cholesterol guidelines and 2016 United States
Preventive Service Task Force recommendations for primary prevention advocating highintensity statin therapy for patients with LDL-C ≥ 190 mg/dL.(6, 7)
The objectives of this study were: (1) to evaluate the proportion of patients that
met clinical criteria for FH among a cohort of patients that experienced an MI at a young
age; (2) to evaluate the frequency and intensity of lipid-lowering therapy, as well as the
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LDL-C achieved 1-year post MI; (3) to compare differences in all-cause and
cardiovascular mortality among patients with and without FH.
Methods

Study Population
The design of the YOUNG-MI registry has been previously described.(8) This is
a retrospective cohort study from two large academic medical centers (Brigham and
Women’s Hospital and Massachusetts General Hospital) that included patients who were
admitted with an MI at or before 50 years of age between 2000 and 2016. The presence
and type of MI were adjudicated using the Third Universal Definition of Myocardial
Infarction.(9) For the present analysis, only patients with Type 1 MI were included.
Individuals with known CAD (defined as prior MI or revascularization) or missing LDLC were excluded.

Identification of patients with FH
The Dutch Lipid Clinic (DLC) criteria(2) was used to identify patients with FH.
This is a contemporary definition which has been widely used in most US and European
cohorts.(3, 4, 10) The DLC criteria awards points based on personal or family history of
premature coronary or vascular disease, findings of arcus cornealis or tendon xanthomas
on clinical examination, pre-treatment LDL-C levels, and presence of functional
mutations in the LDLR, apoB, or PCSK9 genes (eTable1). While the DLC criteria uses
an age cutoff of <60 years to define family history of premature CAD for first degree
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female relatives, we used an age cutoff of <65 years to conform to the definition used in
the YOUNG-MI registry, similar to other studies.(11)
A text search algorithm was used to identify patients with the following keywords
(and their variations) in their medical record – “xanthoma”, “arcus”, “familial
hypercholesterolemia”, “xanthelasma” – the records of these patients were further
adjudicated by study physicians, and points for the DLC criteria were awarded wherever
appropriate. Among patients on lipid lowering therapy at baseline, we estimated
untreated LDL-C levels by multiplying the on-treatment LDL with a correction factor
based on the type and dose of therapy, as done in other studies.(10)

Risk Factors
A detailed review of the electronic medical record was conducted to determine the
presence of cardiovascular risk factors during or before the index admission. Diabetes
was defined as fasting plasma glucose >126 mg/dL, hemoglobin A1c ≥6.5% or
diagnosis/treatment for diabetes. Hypertension was defined as a systolic blood pressure
≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or diagnosis/treatment of
hypertension. Obesity was defined as a body mass index ≥30 kg/m2 or a diagnosis of
obesity. Smoking was defined as current (tobacco products used within the last month),
former, or never. The atherosclerotic cardiovascular disease (ASCVD) score was
calculated based on data available prior to MI or at time of presentation using the pooled
cohort equations, as previously described.(12) Lipoprotein(a) testing results were
available in a subset of patients. Over time, two different assays with different reference
ranges were used. Therefore, we analyzed lipoprotein(a) as a binary variable indicating
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whether it was above or below the upper limit of normal for the specific reference range
used at that time.

Medications
A detailed review of electronic medical records was used to determine the prescription of
guideline directed medical therapy at the time of hospital discharge. Patients who died inhospital were excluded from this specific analysis, but included in other analyses.
Medications captured included aspirin, P2Y12 inhibitors, beta-blockers, angiotensin
converting-enzyme inhibitors, or angiotensin receptor blockers. In addition, lipid
lowering therapy such as statins, ezetimibe, niacin and fibrates was also captured.
Intensity of statin therapy was defined as described in the 2013 ACC/AHA cholesterol
guidelines.(6)

Outcomes
The pre-specified outcomes of interest were: (1) the proportion of patients with
probable or definite FH; (2) the proportion of patients that were discharged on any statin
therapy and on high-intensity statin therapy (3) the reduction in LDL-C achieved at 1year follow up; (4) survival free from all-cause death and cardiovascular death.
Vital status was assessed with linkage with the Partners Healthcare electronic
medical record system, the Social Security Administration’s Death Master File and the
National Death Index and censored on the date of the latest query. The cause of death
was adjudicated by two independent cardiologists using electronic health records, records
from the Massachusetts Department of Vital Statistics, and death certificates obtained
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from the National Death Index. In cases of disagreement, consensus for the cause of
death was reached by the adjudication committee. The cause of death was categorized
into cardiovascular death, non-cardiovascular death, or undetermined cause of death. If
the cause of death was undetermined, deaths were analyzed as non-cardiovascular death.
The definition of cardiovascular death was adapted from the 2014 American College of
Cardiology definition for cardiovascular endpoint events(13) and was previously detailed
in the study design publication.(8)

Data management
Study related data for all patients who meet inclusion criteria were stored on a
customized secure electronic adjudication system and REDCap. REDCap is an encrypted,
secure, Health Insurance Portability and Accountability Act compliant web platform for
electronic data capture and serves as an intuitive interface to enter data with real time
validation.(14) The YOUNG-MI registry has been approved by the Institutional Review
Board at Partners HealthCare.

Statistical Analysis
Categorical variables were reported as frequencies and proportions and compared
with Chi-square or Fischer’s exact test. Continuous variables were reported as medians or
means and compared with t-tests or Mann-Whitney U test. All analyses were performed
using Stata Version 14.2 (StataCorp, College Station, TX). Cox proportional hazards
models were constructed for survival free from all-cause death and cardiovascular death.
Proportional hazards assumption was assessed by analyzing the Schoenfeld residuals.
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Multivariable risk adjustment was performed using variables that had significant
univariate association or are known to be associated with either all-cause deth or
cardiovascular death. Waterfall plots of reduction in LDL-C at 1-year follow up were
generated using Tableau Desktop version 10.5 (Tableau Software, Seattle, WA).
We also performed a sensitivity analysis using other criteria used to define FH
including a modification of the DLC that has been used in other cohorts - which does not
consider physical examination or genetic testing,(3, 10) the Simon Broome criteria,(15,
16) and criteria proposed by the ACC(6) and AHA(17). In order to determine the yield of
screening for FH using the DLC criteria, and to allow for comparison with other
studies,(18) we evaluated the prevalence of FH among different sub-groups in our cohort,
including those that have LDL-C ≥ 160 mg/dL, those that have a family history of
premature CAD, or those who have both of the above conditions.

Results
The cohort consisted of 1996 adults with a median age of 45 years (interquartile range 42
to 48 years) who experienced an MI. Among this cohort, 382 (19.1%) were women and
1081 (54.2%) had an ST elevation MI. The likelihood of FH was categorized based on
the DLC and the cohort was divided into 4 groups – unlikely FH (n=1067, 53.5%),
possible FH (749, 37.5%), probable FH (128, 6.4%) and definite FH (52, 2.6%). For the
purposes of this analysis, patients classified as probable or definite FH were considered to
have clinically defined FH (n=180, 9%, 95% confidence interval 7.8%-10.4%).
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Baseline Characteristics
Table 1 depicts differences in baseline characteristics among patients with and without
FH. Notably, age did not differ significantly between patients with and without FH.
Patients with FH had significantly higher rates of hypertension (57.9% vs. 46%,
P=0.003) and family history of premature CAD (71.7% vs. 25.6% P<0.001). Overall, FH
patients had a significantly higher ASCVD risk score (median 6.5 vs 4.6, P<0.001).
Lipoprotein(a) was measured in 129 patients, and was found to be elevated in greater
proportion of patients with FH compared with those without FH (6.1% vs 2.3%,
P<0.006). Among patients with FH, 77 (42.8%) were not on any statin therapy prior to
their MI, suggesting they were unaware or not treated for their underlying condition.
Medical Therapy at Discharge
When examining medical therapy for patients who survived until discharge (n=1966),
1768 (89.9%) patients were prescribed statin therapy, but of these only 978 (55.3%) were
prescribed a high-intensity regimen. Patients with FH were significantly more likely to be
discharged on a high-intensity statin (63.3% vs. 48.4%, P<0.001), ezetimibe (5% vs. 1%,
P<0.001) and participate in cardiac rehabilitation (24.4% vs. 16.6%, P=0.013) compared
with those without FH (eTable 2).

LDL-C levels achieved at 1-year
Of the 1966 patients who survived until discharge, LDL-C achieved at 1 year was
available in 650. Among these patients, those with FH had a significantly higher median
LDL-C at 1 year (96 mg/dL vs. 80 mg/dL, P<0.001) despite a significantly higher
absolute (-99 mg/dL vs. -47 mg/dL, P<0.001) and percent (-51.3% vs. -37.7%, P<0.001)
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reduction in LDL-C compared to non-FH patients (Table 2). At 1 year, the proportion of
FH patients with LDL-C ≥70 mg/dL and LDL-C ≥100 mg/dL was significantly higher
compared to those without FH (82.2% vs 64.5% and 43% vs 25.2%, respectively,
P<0.001 for both). Figure 1 shows a waterfall plot of the percent reduction in LDL-C
among patients with and without FH, stratified by whether the LDL-C at 1 year was
<70mg/dL or ≥70 mg/dL. Even though there was a significant reduction in LDL-C for
FH and non-FH patients, those with FH were more likely to have LDL-C ≥70mg/dl, as
depicted in red in Figure 1. The above findings were similar when restricting only to
patients discharged on high-intensity statins, and are provided in eTable 3.

Long term follow-up
Over a median follow-up of 11.2 years, 228 (11.4%) deaths were observed, of which 104
were adjudicated to be from a cardiovascular cause. All-cause mortality was not
significantly different among those with and without FH (log-rank P value 0.85, Figure
2a). In cox proportional hazards modeling for survival free from all-cause death the
unadjusted HR for FH was 1.05 (95 confidence interval, 0.65-1.68), which decreased to
1.00 (95% CI, 0.61-1.64, P=0.9) in a multivariable model which included demographics,
cardiovascular risk factors and comorbidities, and in-hospital treatment and medications
at discharge (eTable 4). Similarly, cardiovascular death was not significantly different
among those with and without FH (log-rank P value 0.65, Figure 2b). In cox
proportional hazards modeling survival free from cardiovascular death the unadjusted HR
for FH was 0.84 (95% CI, 0.39-1.81), which increased to 0.88 (95% CI, 0.40-1.92,
P=0.75) in a multivariable model which included demographics, cardiovascular risk
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factors and comorbidities, and in-hospital treatment and medications at discharge (eTable
4).

Prevalence in sub-groups and based on other diagnostic criteria
Prevalence of FH based on other diagnostic criteria for FH is presented in eTable 5.
Among patients with a family history of premature CAD in a first degree relative
(n=594), 129 (21.7%) met criteria probable/definite FH. Among 481 patients with LDLC ≥ 160 mg/dL, 171 (35.6%) met criteria for probable/definite FH, and among patients
who had both history of premature CAD and LDL ≥ 160 mg/dL (n=193), 124 (64.3%)
met criteria for probable/definite FH.

Discussion

In this study, the largest to examine the prevalence of FH and statin use in young
patients with MI, we found the proportion of clinically defined FH to be 9%, or nearly 1
in 10. Over 40% of the FH patients were not on statin therapy prior to MI, suggesting
they were untreated or not even aware they had FH. At discharge, 10% of FH patients
were not prescribed statins, and only two-thirds were prescribed a high-intensity statin.
Despite a large reduction in LDL-C at 1 year, the vast majority of FH patients had LDLC ≥ 70 mg/dL, and nearly half had LDL-C ≥ 100 mg/dL. Over long-term follow-up, no
significant differences in all-cause mortality or cardiovascular mortality were observed in
FH patients compared with patients non-FH patients.
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Prevalence of FH in the general population
Our finding that clinically defined FH was present in nearly 1 in 10 patients with
premature CAD is nearly 20 times higher than that observed in the general US population
(See eTable 6 for a summary of studies examining the prevalence of FH across various
cohorts). de Ferranti et al. evaluated the prevalence of FH in NHANES from 1999 to
2012 and found it to be present in 1 in 250 (0.4%) US adults.(4) In a more recent
analysis, Bucholz et al. evaluated the prevalence of FH in NHANES from 1999 to 2014
and found it to be present in 1 in 212 (0.47%), or affecting nearly 1 million US adults.(3)
Both studies lacked confirmatory genetic testing, and did not include physical
examination findings suggestive of FH mentioned in the DLC criteria, therefore the true
prevalence of definite/probable FH could have been under-estimated.

Prevalence of FH among patients with ACS/MI
The diagnosis of FH is commonly missed during hospitalization for MI.(19)
Nanchen at al. evaluated the prevalence of FH, using criteria similar to the one used in
our study among nearly 4800 patients with ACS in a multi-center study in Switzerland –
Special Program University Medicine – Acute Coronary Syndrome (SPUM-ACS). They
found the prevalence of FH to be 1.6%. However, when limiting to patients with
premature ACS (defined as men ≤ 55 years, and women ≤ 60 years) the prevalence
increased to 4.8%.(10) In an analysis from the European Action on Secondary and
Primary Prevention through Intervention to Reduce Events (EUROASPIRE) IV survey,
which included 7000 patients hospitalized for ACS or revascularization procedure, the
prevalence of FH was estimated at 8.3%, which increased to 15.4% when restricting to
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the 2212 patients below 60 years of age.(11) Other smaller studies have also estimated
the prevalence of FH in different countries, e.g. Pang et al. found FH prevalence to be
14.3% among 175 patients <60 years of age admitted to a CCU in Australia,(20) while
Al-Rasadi found the prevalence to be 3.7% in a cohort of 3224 patients with ACS from
the Arabian Gulf.(21) The wide variations in the reported estimate in these studies maybe
related to variability in the true prevalence of FH across various populations, the age of
the cohort studied and the criteria used to define FH.(22)

Underutilization of statins in FH patients
In our study, there was significant underutilization of statins pre-MI (57%) as well
as subsequent to their MI. These findings have also been observed by other groups. For
example, in the NHANES study, Bucholz et al. reported that among FH patients only
15% were taking high-intensity statins, despite high rates of screening and awareness.
They also highlighted that young adults (defined as age <40 years) are at high risk of
undertreatment.(3) While the above estimates are based on data from the general
population, even when examining post-ACS patients, high-intensity statin use among FH
patients remains low.(19)
In our study, although 89% of the cohort was discharged on a statin, among
patients with FH only 63% were discharged on a high-intensity statin, and despite nearly
50% reduction in LDL-C, the vast majority had elevated LDL-C at 1 year. Specifically,
43% of FH patients had a LDL-C ≥ 100 mg/dL, and 82% FH patients had a LDL-C ≥ 70
mg/dL. In comparison, in the Swiss SPUM-ACS cohort, approximately 70% were
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discharged on a high-intensity statin, and 63% had a LDL-C ≥ 100 mg/dL while 95% had
a LDL-C ≥ 70 mg/dL.(10)
The use of non-statin lipid-lowering therapy was trivial in our study, and
represents a missed opportunity since such agents may be effective at achieving further
LDL-C reduction.(23) While our paper focused on patients with FH, it is noteworthy
that the observed underutilization of high-intensity statins was present for both FH and
non-FH patients. Our findings are in keeping with recent national data suggesting that
young adults in general are significantly less likely to be prescribed high-intensity statins
after an MI, compared with older age groups.(24)

Prognosis of FH patients
Our study did not show a significant difference in all-cause or cardiovascular
mortality over long-term follow up. Although this is the largest study of FH patients with
MI at ≤ 50 years with follow up of > 10 years, our study was likely underpowered for this
analysis given the low rate of fatal events in this young population. Studies from older
cohorts have shown the significantly worse prognosis of FH patients compared to those
without FH. In an analysis from the Swiss SPUM-ACS cohort, FH patients had a
significantly higher rate (adjusted HR 3.53; P=0.02) of recurrent cardiovascular events
over 1-year follow up.(25) Similarly, in the Arabian Gulf cohort, the authors observed a
higher rate of cardiovascular events among FH patients over 1-year.(21) The lower event
rate in our study could also have been related to the lower residual LDL-C achieved as
compared to other cohorts(25) as well the fact that our study only examined differences
in mortality while other studies also included non-fatal cardiovascular endpoints.
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Role of Genetic testing
Khera et al. evaluated the risk of CAD across strata of LDL-C, and found an FH mutation
in only 1.7% of patients with LDL-C ≥ 190 mg/dL. However, mutation carriers were at
much higher risk compared to non-carries within similar strata of LDL-C, likely
reflecting their prolonged exposure to elevated LDL-C levels.(26) Do et al, evaluated FH
mutations in a large cohort of patients with an early MI (defined as men ≤ 50 and women
≤ 60 years) and found a mutation in the LDLR gene in 3.1% of patients.(27) In contrast,
Amor-Salamanca et al. found an FH mutation in 8.7% ACS patients aged <65 years, but
their study only included individuals with an LDL-C ≥ 160 mg/dL.(18) In this study 27%
of patients met DLC criteria for definite/probable FH, which is very similar to the 36%
observed in the same sub-group (i.e. LDL-C≥ 160 mg/dL), especially when considering
the younger age of our cohort.
Because patients with FH mutations are at higher risk, young adults with
probable/definite clinical criteria for FH may benefit from genetic testing, especially
given the availability of newer therapies, such as PCSK9 inhibitors, and the fact that risk
among FH patients remains highly variable.(28) Nevertheless, as also suggested by
guidelines, all patients with severe elevation in LDL-C should be treated with high
intensity statins, even if genetic testing was not performed or is negative, especially
among those who experienced a cardiovascular event at a young age.
When considering the role of genetic testing, our study provides data on subgroups of patients that may have a higher yield for such testing (Figure 3). In addition
to genetic testing, cascade screening of patients identified with a monogenic cause of
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hyperlipidemia should be performed, as several studies have shown this to be a costeffective approach.(29-31)

Limitations
Our study has several limitations. First, we defined FH based on clinical criteria, as
genetic testing results were not available for most patients. Accordingly, patients with
clinically defined FH, may have elevations in LDL-C due to polygenic hyperlipidemia or
mixed hyperlipidemia. However, most other studies also lack genetic testing,(3, 10, 21,
25) as such testing is rarely performed in most clinical settings. In addition, a strength of
our study is that we incorporated physical examination findings, whenever available,
which was not common in other cohorts. Second, our study used the DLC criteria for our
primary analysis. Although it is less sensitive than the Simon Broome criteria, it is more
specific and has been widely used in most other recent cohorts, enabling comparison with
other studies.
We estimated untreated LDL-C whenever pre-treatment LDL-C levels were not
available for patients on lipid lowering therapy prior to MI. While such a correction has
been used in most studies, we used the specific type and dose of lipid lowering therapy
rather than relying on a fixed correction factor regardless of the dose(3, 4, 21) which may
over or underestimate LDL-C. Finally, the YOUNG-MI registry excluded patients with
prior CAD, therefore it is possible that some FH patients who had prior events outside of
our healthcare system were excluded, thus potentially underestimating the true
prevalence of FH.
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Conclusions
Clinically defined FH is present in nearly 1 in 10 patients with MI under the age of 50.
Among this group, only 63% are discharged on high intensity statin therapy, and the vast
majority have elevated LDL cholesterol at 1 year, with 43% having LDL-C ≥ 100mg/dL
and 82% having LDL-C ≥ 70mg/dL. Even among non-FH patients who experienced an
MI at a young age, 25% had LDL-C ≥ 100mg/dL and 65% had LDL-C ≥ 70mg/dL. Our
findings highlight the need for more aggressive lipid lowering therapy in both FH and
non-FH patients post-MI.
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Table 1: Baseline characteristics

Factor

Unlikely/Possible Probable/Definite
FH
FH
1816 (91%)
180 (9%)

P value

Demographics
Age at event, median (IQR)
45.0 (42.0, 48.0)
45.5 (40.5, 48.0)
0.92
Women
344 (18.9%)
38 (21.1%)
0.49
White
1330 (73.2%)
129 (71.7%)
0.66
Risk Factors
ST elevation MI
993 (54.7%)
88 (48.9%)
0.16
Diabetes
350 (19.5%)
42 (23.6%)
0.20
Hypertension
827 (46.0%)
103 (57.9%)
0.003
Obesity
527 (33.8%)
60 (39.0%)
0.21
Current Smoking
933 (51.9%)
95 (53.4%)
0.75
Family History of Premature CAD
465 (25.6%)
129 (71.7%)
<0.001
ASCVD risk score, median (IQR)
4.6 (2.6, 7.5)
6.5 (4.0, 11.6)
<0.001
Medical Therapy on Admission
Statin therapy
188 (10.4%)
103 (57.2%)
<0.001
Ezetimibe
6 (0.3%)
2 (1.1%)
0.16
Aspirin
176 (9.7%)
44 (24.4%)
<0.001
Beta Blockers
180 (9.9%)
39 (21.7%)
<0.001
ACEi/ARB
179 (9.9%)
30 (16.7%)
0.007
Biomarkers on Admission
Creatinine, mean (SD)
1.0 (0.4)
1.0 (0.4)
0.99
a
Normalized troponin, median (IQR)
42.1 (10.6, 152.2) 37.0 (9.0, 112.2)
0.13
Total-C, mean (SD)
185.8 (46.9)
259.1 (92.4)
<0.001
LDL-C, mean (SD)
113.2 (35.4)
179.8 (87.5)
<0.001
Triglycerides, median (IQR)
147 (102, 215)
169 (111, 268)
0.006
HDL-C, mean (SD)
36.9 (10.3)
36.8 (9.7)
0.95
b
Elevated Lipoprotein(a)
42 (2.3%)
11 (6.1%)
0.006
a- Normalized to times upper limit of normal for assay; b- Available for 129 patients
IQR – interquartile range, CAD – coronary artery disease, ASCVD – atherosclerotic
cardiovascular disease, ACEi – angiotensin converting enzyme inhibitor, ARB –
angiotensin receptor blocker, SD – standard deviation, C - cholesterol
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Table 2: LDL-C achieved at 1-year follow up (N=650)
Factor
LDL-C at 1 year, median (IQR)
Change in LDL-C at 1 year, mg/dL, median (IQR)
Percent change in LDL-C at 1 year, median (IQR)
Proportion with LDL-C at 1 year ≥70 mg/dL
Proportion with LDL-C at 1 year ≥100 mg/dL
IQR – interquartile range, C – cholesterol
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No FH 543 (84%)

FH 107 (16%)

80.0 (60.0, 101.0)
-47.0 (-73.0, -19.8)
-37.7% (-52.0, -15.5)
350 (64.5%)
137 (25.2%)

96.0 (75.0, 123.0)
-99.0 (-136.0, -57.0)
-51.3% (-63.2, -33.1)
88 (82.2%)
46 (43.0%)

P
value
<0.001
<0.001
<0.001
<0.001
<0.001

Figure titles and legends
Figure 1 title: Waterfall plot of % LDL-C reduction at 1 year among young adults with
MI stratified by presence or absence of FH
Figure 1 caption: Figure shows the waterfall of % LDL-C reduction at 1-year among
patients without FH (left) and patients with FH (right). BLUE color represents LDL-C at
1-year <70 mg/dL. RED color represents LDL-C at 1-year ≥ 70 mg/dL. FH patients had
significantly higher proportion of patients with LDL-C at 1-year ≥ 70 mg/dL (red).

Figure 2 title: All-cause and cardiovascular mortality among young adults with MI
stratified by presence or absence of FH
Figure 2 caption: (A) Kaplan-Meier failure curves for all-cause death. (B) Kaplan-Meier
failure curves for cardiovascular death. No significant difference was observed between
patients with and without FH in unadjusted or adjusted models for both outcomes.

Figure 3 title: Prevalence of FH across sub-groups of young adults who experienced a
myocardial infarction
Figure 3 caption: Each stick-figure represents 10% of the population. Proportion with
FH shown in RED. Yield of screening for FH would be highest in sub-groups that have a
higher prevalence.

69

Figure 1:
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Figure 2:
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Figure 3:

72

Supplementary material
eTable 1: modified Dutch Lipid Clinic Criteria
Criteria
Personal history
Patient with premature coronary artery disease
Family history
First degree relative with known premature (men <55; women <65)
coronary or vascular disease
First degree relative with tendon xanthoma or arcus cornealis
OR
Children <18 years with LDL cholesterol above 95th percentile
Physical examination findings
Tendon xanthoma
Arcus cornealis at age <45 years
Untreated LDL cholesterol levels
LDL ≥ 330 mg/dL
LDL 250-329 mg/dL
LDL 190-249 mg/dL
LDL 155-189 mg/dL
Genetic testing
LDLR, apoB or PCSK9 mutation
Diagnosis
Definite FH
Probable FH
Possible FH
Unlikely FH
Only one criterion from each group was chosen.
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Points
2
1
2
6
4
8
5
3
1
8
>8
6-8
3-5
<3

eTable 2: Management and therapy at discharge(N=1966)
No FH
1786 (91%)

Factor

FH
180 (9%)

Revascularization
Cardiac Catheterization
1717 (96.6%)
168 (96.0%)
Coronary Revascularization
1561 (86.0%)
151 (83.9%)
Coronary Artery Bypass Grafting
128 (7.0%)
18 (10.0%)
Medical Therapy at Hospital Discharge
Any statin
1607 (90.0%)
161 (89.4%)
a
Statin Intensity
No statin
179 (10.0%)
19 (10.6%)
Low-intensity/Unknown dose
64 (3.6%)
4 (2.2%)
Moderate-intensity
679 (38.0%)
43 (23.9%)
High-intensity
864 (48.4%)
114 (63.3%)
Ezetimibe
17 (1.0%)
9 (5.0%)
Niacin
34 (1.9%)
1 (0.6%)
Fibrates
54 (3%)
5 (2.8%)
Aspirin
1699 (95.1%)
170 (94.4%)
Beta Blockers
1640 (91.8%)
162 (90.0%)
P2Y12 inhibitors
1490 (83.4%)
143 (79.4%)
ACEi/ARB
1134 (63.5%)
99 (55.0%)
Diuretics
179 (10.0%)
24 (13.3%)
Cardiac Rehabilitation
302 (16.6%)
44 (24.4%)
a- Based on 2013 ACC/AHA guideline on the treatment of blood cholesterol to
reduce atherosclerotic cardiovascular risk in adults

P
value
0.66
0.43
0.17
0.80

<0.001
<0.001
0.37
1
0.72
0.40
0.18
0.029
0.16
0.013

eTable 3: LDL-C achieved at 1 year follow up among patients on high-intensity
statin therapy (N=362)
Factor

No FH 291 (80%)

FH 71 (20%)

LDL-C at 1 year, median (IQR)
Change in LDL-C at 1 year, median (IQR)
Percent change in LDL-C at 1 year, median (IQR)
Proportion with LDL-C at 1 year ≥70 mg/dL
Proportion with LDL-C at 1 year ≥100 mg/dL

73.0 (55.0, 93.0)
-55.0 (-79.0, -23.0)
-43.3 (-56.6, -21.7)
161 (55.3%)
63 (21.6%)

96.0 (76.0, 118.0)
-99.0 (-135.0, -59.0)
-52.3 (-63.5, -33.3)
60 (84.5%)
29 (40.8%)
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P
value
<0.001
<0.001
0.013
<0.001
0.001

eTable 4: Long-term outcomes
All-cause Mortality
Cardiovascular Mortality
No FH
FH
P
No FH
FH
Factor
1816 (91%)
180 (9%)
value
1816 (91%)
180 (9%)
Crude Mortality
209 (11.5%)
19 (10.6%)
0.81
97 (5.3%)
7 (3.9%)
Annualized event rate 1.12 (0.98-1.29) 1.18 (0.76-1.86) 0.78 0.51 (0.42-0.63)
0.48 (0.21-0.92)
Unadjusted HR
Ref
1.05 (0.65-1.68) 0.85
Ref
0.84 (0.39-1.81)
a
Adjusted HR
Ref
1.00 (0.61-1.64) 0.9
Ref
0.88 (0.40-1.92)
a-

Adjusted for age, sex, cardiovascular risk factors, Charlson comorbidity index, revascularization
status, medications at discharge and participation in cardiac rehabilitation

eTable 5: Prevalence of FH based on other criteria
Criteria
DLC- without physical examination or genetic
testing(3, 4, 10)
Simon Broome(15, 16)
ACC(6)
AHA(17)
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FH absent

FH present

1827 (91.5%)

169 (8.5%)

1751 (87.7%)

245 (12.3%)

1762 (88.3%)

234 (11.7%)

1864 (93.4%)

132 (6.6%)

P
value
0.48
0.70
0.65
0.75

eTable 6: Comparison of FH prevalence and statin use across selected studies
Author

N

Population

Studies in the general population
General
de Ferranti(4)
36949
population
General
Bucholz(3)
42471
population
Studies in patients with ACS
Amor103
ACS ≤ 65
Salamanca(18)

FH Criteria

Prevalence
of FH

High
Intensity
Statin Use

46.8

mDLC

0.40%

NA

NA

mDLC

0.47%

30.3%

54

Genetic/DLC

8.7%/27.1%

NA

Age (mean)
of Cohort

Al-Rasadi(21)

3224

ACS

60

mDLC

3.7%

NA

Nanchen(10)

4778

ACS

64.8

mDLC

1.6%

69.7%

Backer(11)

7044

ACS

64.8

mDLC

8.3%

NA

<60

mDLC

14.3%

NA

Studies in young patients with ACS
Pang(20)
175
CCU
Nanchena

1451

ACS

≤55 M, ≤60 F

mDLC

4.8%

NA

Backera

2212

ACS

<60

mDLC

15.4%

NA

Singh

1996

ACS

<50

mDLC

9%

63%

ACS – Acute Coronary Syndrome, NA – Not available, mDLC – modified Dutch Lipid
Clinic criteria, CCU – Coronary Care Unit, M - males, F – femlaes
a

Sub-group analysis of above study by same author
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4. Summary of Paper 1 and Paper 2 Conclusions

We evaluated the performance of commonly used risk assessment tools to
determine eligibility for guideline based therapy for primary prevention against
cardiovascular disease in a retrospective cohort of young adults under the age of 50
years who experienced their first Type 1 MI. The median age of the cohort was 45
years, 80% were men, 50% had a STEMI and the vast majority had at least one
major risk factor for cardiovascular disease. In spite of these findings and the high
prevalence of traditional risk factors, the estimated risk of a cardiovascular event
within the next 10 years was low (median ASCVD risk score 4.8%). Therefore the
vast majority were not eligible for statin therapy according the 2016 USPSTF
recommendations or the 2013 ACC/AHA guidelines.

We evaluated the prevalence of familial hypercholesterolemia using
contemporary clinical criteria, and found a much higher than expected prevalence of
9%, among a cohort of patients who experienced an MI at or below the age of 50. In
spite of the high proportion of this high-risk phenotype, 10% of the patients were
not discharged on statin therapy post-MI, and only 50% of the cohort was
discharged on high-intensity statin therapy. Among patients with FH, only 63%
were discharged on high-intensity statin therapy, and the vast majority had high
residual LDL cholesterol at follow up. These findings highlight the challenges in
cardiovascular risk prediction and risk mitigation among young adults.
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5. Discussion
Strengths and Limitations
This was a retrospective study analyzing patient encounters over the past 16
years. The long-time span introduces variability, as the disease definitions,
laboratory assays, and clinical practice have changed over time. The retrospective
nature also introduces inherent biases. As the study is limited to two large academic
centers in one region, results may not be fully generalizable to other practice
settings or other regions. While we relied on retrospective data, a strength of our
study is that we conducted individual chart review of all patients rather than relying
on coded or administrative data fields. Another major limitation is that this study
only included patients who had an event, and did not have a control group, so we
were unable to estimate the risk and prevalence of risk factors among young adults
who did not have an MI.
Future Directions
These findings highlight the current imprecision in risk prediction, especially
among young adults. As most risk calculators for coronary artery disease are heavily
influenced by age (including the pooled cohort equations), they may under-estimate
risk for young adults, even those with significant risk factors, despite overpredicting risk for older cohorts. These findings call for the development of novel
risk calculators targeted for young adults or re-calibration of existing risk
calculators. Among high-risk phenotypes such as familial hypercholesterolemia,
early and aggressive lipid-lowering therapy should be instituted to reduce residual
cardiovascular risk.
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