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Abstract

Background Despite significant progress in primary preventide, rate of Ml has not declined
in young adults.

ObjectivesWe aimed to evaluate statin eligibility based om 2013 American College of
Cardiology / American Heart Association (ACC/AHA)idelines for treatment of blood
cholesterol and 2016 United States Preventive &sviask Force (USPSTF) recommendations
for statin use in primary prevention in a cohortadbilts who experienced a first-time myocardial
infarction (MI) at a young age.

Methods: The YOUNG-MI registry is a retrospective cohort studgrh two large academic
centers which includes patients who experiencelllaat 50 years of age or younger. Diagnosis
of Type 1-Ml was adjudicated by study physicianslBd cohort risk equations (PCE) were
used to estimate atherosclerotic cardiovascul@adis (ASCVD) risk score based on data
available prior to Ml or at the time of presentatio

Results: Of 1685 patients meeting inclusion criteria, 21P.526) were on statin therapy prior to
MI and were excludedAmong the remaining 1475 individuals, the mediaa &gs 45 years,
there were 294 (20%) women, and 846 (57%) had STBMEast one cardiovascular risk factor
was present in 1225 (83%) patients. The medianeld-%SCVD risk score of the cohort was
4.8% (interquartile range: 2.8, 8.0). Only 724 (43d 430 (29%) would have met criteria for
statin eligibility per the 2013 ACC/AHA guidelinesd 2016 USPSTF recommendations,
respectively. This finding was even more pronourineglomen, in whom 184 (63%) were not
eligible for statins by either guideline, compaveéth 549 (46%) of men (p<0.001).
ConclusionsThe vast majority of adults who present with andfla young age would not have
met current guideline-based treatment thresholdstédin therapy prior to their Ml. These
findings highlight the need for better risk assesshtools among young adults.

Keywords: young adults, myocardial infarction, preventiaak, statin

Condensed Abstract:This study evaluated how current guidelines classithe eligibility for
primary prevention statins when applied to a largieort of patients who experienced a first Ml
before or at 50 years, as would have been detedner to their Ml. Among 1475 patients,
the majority (n=1068;72%) had an ASCVD score <7.8Mly 724 (49%) and 430 (29%) met
criteria for statin eligibility (statin considered statin recommended) per the 2013 ACC/AHA
guidelines and 2016 USPSTF recommendations, regelgct Our findings suggest that current
guidelines may fail to identify at-risk young indivals, and better risk assessment tools are
needed for this population.

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 gridisease (CAD) has led to a decrease
in the incidence of myocardial infarction (MI) (BHlowever, recent reports highlight that the
reduction in the rate of Ml has not extended tongpadults, and young women in particular,
continue to have worse cardiovascular outcomesrtiem(2,3).

Identifying individuals who are at risk for cardemscular events is paramount, as such
individuals can be targeted for more aggressivaany prevention efforts.(4) Nevertheless,
predicting risk in young adults is challenging, andst risk calculators fail to identify
susceptible young adults as high risk. For instaageior study applied the National Cholesterol
Education Program (NCEP) Il guidelines (5) to awgr of young adults with MI and reported
that only 25% would have been eligible for statiarapy prior to their Ml (6).

However, risk prediction has evolved considerahhd the 2013 American College of
Cardiology/American Heart Association (ACC/AHA) deiines for cholesterol lowering (7) and
2016 United States Preventive Services Task F&& STF) recommendations for primary
prevention statin use (8) have significantly expahthe number of individuals who are
candidates for statin therapy (9).

The under-estimation of cardiovascular risk amoogng individuals, and the
subsequent lost opportunity to prevent eventsigeeming, given the disparity in reducing the
rate of MI this population (3). Therefore, we soughdetermine how contemporary guidelines
perform in identifying the need for statin therapgong a cohort of men and women who
experienced a first-time MI at a young age. In &ddj within this cohort we evaluated the
prevalence of major cardiovascular risk factorgjetermine their utility in enhancing the

identification of at-risk young individuals.
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Methods
Sudy Population

The design of the YOUNG-MI registry has been praslg described (10). In brief, this
is a retrospective cohort study from two large acaid medical centers (Brigham and Women'’s
Hospital and Massachusetts General Hospital) winicluded patients who experienced an Ml at
or before 50 years of age between 2000 and 2016eédrds were adjudicated by a team of
study physicians, as previously described (10pgithie Third Universal definition of MI.(11)
For the present analysis, only patients with Typél ivere included. Individuals with known
CAD (defined as prior Ml or revascularization) wesecluded. Individuals were also excluded if
they had missing values for lipid profiles or syistblood pressure, which are necessary
components for the Pooled Cohort Equations (PCiEggtmation of cardiovascular risk and
hence determination of statin eligibility (1®)nline Figure 1 provides a consort diagram of the
study population.
Risk Factors

Presence of cardiovascular risk factors was asoeddy a detailed review of electronic
medical records during or before the index admissiéor each risk factor, we also determined
whether it was known prior to admission or diagmodering hospitalization. Diabetes was
defined as fasting plasma glucose >126 mg/dL ordgtobin A1c>6.5% or diagnosis/treatment
for diabetes. Hypertension was defined as a sgddtdiod pressurel40 mm Hg, diastolic blood
pressure90 mm Hg, or diagnosis/treatment of hypertensioyslipidemia was defined as total
cholesterok240 mg/dL, serum triglyceridesl50 mg/dL, high-density lipoprotein cholesterol
<40 mg/dL in men or <50 mg/dL in women, or diagsf@istatment of dyslipidemia. Obesity was

defined as a body mass inde80 kg/nf or a diagnosis of obesity. Smoking was defined as
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current (tobacco products used within the last impriormer, or never. Family history of
premature CAD was defined as fatal MI, non-fataldvicoronary revascularization occurring
before 55 years of age for first-degree male famémbers and before 65 years of age for first-
degree female family members, and was capturedtbgraugh review of the electronic medical
records which included all clinic notes prior taradsion, admission history and physical,
discharge summaries and follow-up visit notes.

Assessment of Cardiovascular Risk

In order to determine whether each individual wagudlify for statin therapy prior to
their MI, we calculated the atherosclerotic cardsxular disease (ASCVD) risk score based on
data available prior to MI or at time of preseriatusing the PCE. For individuals younger than
40 years of age at presentation, an age of 40 ssagred, as PCE are only applicable to
individuals aged 40 to 79 years. For those withghyteride level of > 400 mg/dL, the method
described by Martin et al. was used to estimatedewnsity lipoprotein (LDL) cholesterol, as this
method has been shown to be more accurate comyélethe Friedewald equation in such
scenarios.(13) Risk factors that were diagnosenhguine index hospitalization for Ml were not
used for calculating the risk scores, as the indéour study was to evaluate how many patients
would have met criteria for statin thergmyor to presentation.

In addition to the ASCVD 10-year risk, we also estied the lifetime cardiovascular risk
based on the burden of traditional risk factor9.(T4e criteria used to define each risk category
is provided inOnline Table 1.The cohort was also divided into low lifetime rigioup (lifetime
risk <39%) and high lifetime risk group (lifetimesk >39%), based on prior studies (15).

Statin Eligibility
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The 2013 ACC/AHA guidelines (7) and the 2016 USP&dommendations (8) were
used to assess statin eligibility. Individuals weoasidered to be statin eligible if guidelines
indicated statins are recommended or statins argidered. Although, our goal was to evaluate
contemporary statin guidelines, we also assesaéid stigibility according to the older NCEP
Il guidelines (5). Specific criteria that werelfmied for each guideline are detaileddnline
Table 2
Data management

Study related data for all patients who meet iriolusriteria were stored on our
customized secure electronic adjudication systednREEDCap. REDCap is an encrypted,
secure, Health Insurance Portability and Accoulitalfict compliant web platform for
electronic data capture and serves as an intuitteeface to enter data with real time validation
(16). The YOUNG-MI registry has been approved gy lttstitutional Review Board at Partners
HealthCare.

Satistical analysis

Categorical variables are reported as frequencidgpeoportions, and compared with Chi
squared or Fisher’s exact test, as appropriatetitmus variables are reported as means or
medians and compared with t-tests or Mann-Whitnegdtl as appropriate.

In order to determine how the ASCVD risk scorehm 2013 ACC/AHA guidelines can
be enhanced to identify more individuals priortieit Ml, we reclassified all statin ineligible
individuals with LDL cholesterot 160 mg/dL or family history of premature cardiovalgr
disease to statin considered, as these criteria ofégred by the guidelines as additional factors

which may influence ASCVD risk (7).
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Because most patients did not have any availaliéeatalipid values prior to their Ml,
and since lipid levels can decrease at the tinMIpfve performed two separate sensitivity
analyses to determine the potential impact of ubpid values obtained at the time of MI.
First, we performed a sensitivity analysis whicliydncluded patients who had available
cholesterol measurements prior to their MI. Secarelperformed a separate sensitivity analysis
where we increased the total cholesterol levellgdaients who did not have prior cholesterol
values by 12%. This was based on the observeeassd in total cholesterol in our cohort
among patients who had measurements of total deotéprior to their Ml and upon admission.
Because blood pressure during hospitalization foc&h be labile, we also performed a
sensitivity analysis which only included patientsoahad available blood pressure measurements
prior to their MI. A two-sided p-value of <0.05 svaonsidered significant. All analyses were
performed using Stata Version 14.2 (StataCorp,&geliStation, TX).
Results
Baseline characteristics

The cohort consisted of 1685 patients who met Biclucriteria, of whom 210 (12.5%)
were on statin therapy prior to MIl. These patiemse excluded from all subsequent analyses.
The remaining cohort consisted of 1475 individwaith a median age of 45 years, of whom 294
(20%) were women and 1060 (72%) were white. Thexeg55 patients (17.3%) under the age
of 40 at the time of the MI (range 19-39 yearshédtaseline characteristics are provided in
Table 1
Prevalence and Awareness of Risk Factors

When examining the prevalence of risk factors, 1(835%6) patients had at least one of

the following: diabetes, dyslipidemia, hypertensionsmoking. Dyslipidemia was the most
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common risk factor, which was present in 818 (5%#t)ents, followed by smoking in 772
(52%) and hypertension in 649 (44%j)gure 1 shows the distribution of the most common risk
factors within our cohort, stratified by the propon of patients who are recommended,
considered, or not recommended statins by the AC3/AHA guideline.

Among the patients with dyslipidemia, 163/818 (20%3l no prior history of this
condition and were first diagnosed during the indegpitalization for MI.  Similarly, diabetes
and hypertension were first diagnosed in 55/2484Pa&nd 61/649 (9%) of patients,
respectively. When considering the three majodicaascular risk factors proposed by the
USPSTF — namely, diabetes, dyslipidemia and hypegida, 226 (21%) out of 1069 patients
were unaware of having at least one of these astofs.

Cardiovascular Risk & Satin Eligibility

The median ASCVD risk score of the population w84 (IQR 2.8-8%), with 1068
(72%) having an ASCVD risk score of <7.5%. Whensidering the lifetime cardiovascular
risk of the population, 1184 (80.3%) were at higlk (Figure 2). Online Figure 2 provides
detailed risk factor burden and lifetime risk esttes stratified by sex.

When applying the 2013 ACC/AHA guideline, only 4&8.%) would have met criteria
for initiation of statin therapy prior to their Mn additional 269 (18%) would have met criteria
for consideration of statin therapy, and the remgiir51 (51%) would not have been eligible for
primary prevention statin therag@entral lllustration) .

When applying the 2016 USPSTF recommendations, 268y(18%) would have met
criteria for initiating statin therapy, an additadri61 (11%) would have met criteria for
consideration of statin therapy, and the remaidi®dp (71%) would not have been eligible for

statin therapyCentral Illustration).
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When applying both the 2013 ACC/AHA and the 2016°TE recommendations to our
entire study population, only 742 (50%) patientsilddhave been categorized as statin eligible—
i.e., categorized as statin recommended or statisidered by either guideline -- prior to their
MI. Furthermore, 23% (52/226) and 43% (98/226) atignts with at least three of the following
risk factors - diabetes, hypertension, dyslipidearid smoking - would not have been eligible
for statin therapy according to the 2013 ACC/AHAdglines and 2016 USPSTF
recommendations, respectivéhigure 3).

The number of patients in which the variables regguifor calculating the ASCVD risk
score, were available pre-presentation, are provid®nline Table 3.When we increased the
total cholesterol of all patients without prioritipszalues, we observed a similar proportion
eligible for statin therap{s6% by 2013 ACC/AHA and 34% by 2016 USPSTF, Onlin@able
4). When we limited our analyses to patients whodazadlable cholesterol levels prior to their
MI, we observed that a greater proportion of theseents were eligible for statins compared
with the overall study populatiait3% vs. 48% by 2013 ACC/AHA; Online Table 5).This
was driven by the fact that this group had morefastors, including a higher prevalence of
diabetes and hypertension, than those who didanat hipid values obtained prior to their Ml
(Online Table 6). When we limited our analysis to patients who &edilable blood pressure
measurements prior to MI, there was no significhfiérence in statin eligibility@nline Table
7).

We also evaluated the NCEP Il guidelines, accardanwhich 347 (23%) would have
met criteria for initiating statin therapy, 160 a2l would have met criteria for consideration of

statin therapy, and the remaining 968 (66%) wouwldhave been eligible for statin therapy.

10
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(Online Table 8).Figure 4 depicts the proportion of statin eligibility ancetbverlap between
the three guidelines.
Sex Differences

When considering the prevalence of risk factorsday; there were significant
differences. When compared with men, women haxvar prevalence of hyperlipidemia (30%
vs. 59%; p<0.001), lower total cholesterol, LDL tdsterol and triglycerides, but higher HDL
cholesterol. Women also had a higher prevalenobesity (37% vs. 28%; p=0.003) and a trend
towards a higher prevalence of smoking (57% vs.;5186.068). The median ASCVD risk
score was significantly lower in women (3.2 vs.;1220.001) and 244 (83%) women had an
ASCVD score of <7.5% compared to 824 (70%) men (@D, Table 2).

When applying the 2013 ACC/AHA guidelines, over 6df4vomen would not have
been eligible for statin therapy compared with 48%nen (p<0.001jFigure 5). When
applying the USPSTF recommendations, 82% of womauldwnot have been eligible compared
with 68% of men (p=0.002). Overall, only 37% of wemwould have been eligible for statin
therapy by either the 2013 ACC/AHA or USPSTF guitkd compared with 54% of men
(p<0.001,Table 2.
Enhancement of Statin Eligibility

We estimated the effect of modifying the risk potidin and incorporating additional risk
factors to increase statin eligibility and these rovided in the Online Appendix a@uhline
Figure 3.
Discussion

To the best of our knowledge, this study is thst fio apply the 2013 ACC/AHA

cholesterol guidelines and 2016 USPSTF primarygwgon recommendations for statin therapy

11
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to a large cohort of adults who experienced an t\l young age, and one of the largest to look
at distributions of risk factors prior to Ml amoadults under the age of 50. We found that
despite the expanded use of statins advocatedelsg tiecommendations (9,17), current
guidelines did not identify most young adults wixperienced a Ml to be eligible for statins at
the time of or prior to their event. In our study.% of subjects would not have been eligible for
statin therapy prior to their Ml if the 2013 ACC/AHyuidelines were implemented and 71%
would not have been eligible by the 2016 USPTFmrenendations. Our findings were more
striking in women, where only 36% and 18% were wheteed to be eligible by the 2013
ACC/AHA guidelines and 2016 USPSTF recommendaticespectively. It is notable that the
underestimation of risk in this cohort exists desghe high prevalence of traditional
cardiovascular risk factors (with 4 out of evergdients having at least one major
cardiovascular risk factor). Furthermore, in cadtulg the ASCVD risk score we conservatively
increased the minimum age to 40, and reclassiflgghtients in the statin considered category
(i.e., ASCVD risk score of 5-7.5%) as statin ellgikas has been suggested by others as a
method for improving the applicability of theseteria to young adults. (18).
Risk prediction in young adults

In 2002, Akosah et al. (6) evaluated the statigilelity of 222 “young adults” (mert 55
and womerx 65 years) hospitalized for Ml using the NCEP Uidglines that were used at that
time and found that 82% of women and 59% of memdidmeet thresholds for
pharmacotherapy prior to their Ml, despite a higévplence of cardiovascular risk factors,
particularly among women. The authors concludetlttiexe is a need for better risk prediction
in young adults. While various guidelines havesaguently been developed, no studies have

been performed applying the various proposed @iteryoung adults. When applied to other

12
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populations, the ASCVD risk calculator based onRiE has been shown to overestimate risk
(15,19,20); however, our findings suggest that tisis score, which is highly dependent on
age(15,16), also has the potential to underestingktén younger individuals. While the 2016
USPSTF recommendations and 2001 NCEP Il guidekae$ identify a small proportion of
individuals that was not eligible by 2013 ACC/AHAlidelines, even when considering patients
who may be eligible by any of the 3 guidelinesigaiéicant proportion of at-risk population
would not have been categorized as statin eligfilgure 4).
Opportunities for enhancing risk prediction

In the current era of generic statins which areegaty well tolerated, several
mechanisms have been suggested for better ideritbicof more at-risk individuals. For
instance, Navar-Boggan et al. (18) suggested #naedsing the treatment threshold to include
the statin considered group (i.e., ASCVD risk saufr6-7.5%) would improve the sensitivity of
identifying individuals who ultimately experiencedrdiovascular events. In our cohort, this
increased statin eligibility by 18% for the ACC/ARpideline. In addition to performing these
measures, we also evaluated how including othkfaistors proposed by the 2013 ACC/AHA
statin guidelines may further enhance risk prediicti Specifically, we found that reclassifying
all patients with LDL cholesterol >160 mg/dL anthanily history of premature CAD as statin
eligible, would increase the proportion of tregpedients from 49% to 66%. However, any
criteria that would identify more at-risk individgawould lead to a higher proportion of treated
patients across the population who would not nec#g®xperience events. Thus, while our
findings suggest that incorporating the above faskors in making decisions regarding the role

of statins in young individuals may be importantufe investigations should further elucidate
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the population-level impact of such approaches diateexpanding the number of individuals
treated.

Any effort to expand the number of treated yourdjviduals should also incorporate the
following considerations: (i) While no randomizeddies have assessed the role of statins for
primary prevention among young adults, Mendeliardaanization studies suggest that a longer
exposure to low LDL cholesterol may provide longridenefits; (21) (i) while the overall risk
of most young patients is low, younger individuapresent the largest proportion of the
population who are at risk; (24) (iii) patientsovéxperience an Ml at a younger age suffer a
larger economic impact as their lifetime earningd societal contributions are affected to a
greater extent. Ultimately, in the absence of canided data, (23) and given the need to balance
the risks and benefits of treatment, together wétients’ disutility from being on statin therapy,
there is an important need to incorporate sharesida making between patients and
physicians (26).

In addition to the aforementioned efforts in idgmitig at-risk patients, our study also
reinforces the need for more primordial preven{@®27). In fact, greater than 80% of the
patients who had an MI at a young age had at tesstmodifiable risk factor, with dyslipidemia,
smoking, and hypertension being the most prevaldBBSTF has established guidelines for
screening for traditional cardiovascular risk fastm adults, and current recommendations
include: screening for hypertension annually irigras aged 40 years and above, and every 3-5
years in patients 18 to 40 years of age(30); sangesverweight or obese adults age 40 to 70
years for diabetes (31); and providing pharmacaiteor behavioral interventions to adults for
smoking cessation.(32) The USPSTF recommends sogefm dyslipidemia every 5 years in

patients aged 40 and above, but recommends n&itheor against screening patients aged 21-
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39 years, citing lack of evidence in this age gr{®)pThe 2013 ACC/AHA cholesterol
guidelines have expanded the number of individekdgble for statin therapy, and accordingly
recent data suggests that there has been a gkaduglstained increase in statin use for primary
preventions (33).
Sex Differences in Satin Eligibility

Women had significantly lower statin eligibility epared with men, even though there
were no significant differences in age or the barderisk factors between men and women.
While the more pronounced underestimation of niskwomen in our cohort cannot be explained
by differences in age or risk factors alone, itaseworthy that the PCE has been shown to
overestimate risk in women (28). Further reseasalequired to better identify risk and prevent
cardiovascular disease in women, particularly asi@mhave worse outcomes post-Ml
compared with similarly aged men (29).
Limitations

Our study is retrospective in nature and thus suibgelimitations regarding uniformity
of data collection. However, our retrospectivearblaesign is ideal for studying less frequent
conditions, such as Ml in young individuals. bidd@gion, we performed a manual review of all
admission notes rather than rely on billing or ott@ded information in order to, both adjudicate
the presence of Ml, as well as determine the peexa of various risk factors. While our
findings reinforce the need for better identificatiof risk among young individuals, a limitation
of our study is that we only evaluated individualso experienced an Ml, without considering
the overall at-risk population for this age groAp.a result, we were not able to determine the
prevalence of various risk factors across the pm of at-risk patients who did not experience

a myocardial infarction, as has previously beeredmnother population based cohorts. (36) In
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the future, use of machine learning algorithms, faaylitate other study designs, such as
retrospective case-control studies, which may pl@Wrther information in this regard.

Lipid levels maybe falsely lowered at the time of, Mowever one of the largest studies
examining this did not find a clinically meaningfthange. (31) Nevertheless, we analyzed the
change in total cholesterol for patients who haailalsle measurements before their MI and
during the index admission. In these patientstdted cholesterol decreased by 12%.
Consequently, we performed a sensitivity analygigbreasing the total cholesterol of all
patients who did not have prior cholesterol valloyed 2%, and our findings remained robust,
suggesting that any potential changes in lipid @slperi-MI did not have a significant impact on
our findings.

Guidelines recommend considering factors suchgis$ensitivity C-reactive protein,
coronary artery calcium and ankle brachial presswutex, but results from such testing were not
available for our cohort. Finally, our risk estit®s may be too conservative, as we increased the
age of some of the patients by more than 10 yearbit is likely that we would have observed
an even higher proportion of patients who werestatin eligible if we used actual age in
calculating the ASCVD risk score from PCE. Howetke PCE are derived from and thereby
applicable only to those who are 40 -79 years ef(dg).

Despite the fact that this study was conductedsscwo large academic medical centers,
our results remain generalizable to other settiag®ur study examines baseline risk level and is
not related to the treatment received. While timag be geographical differences in some
cardiovascular risk factors, these are unlikelinfluence our main results, as our population had
a high prevalence of underlying risk factors, analds their younger age, rather than failure to

capture these risk factors, that contributed tontheing classified as statin ineligible. Our study
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population was mostly white, and we recognize tieatain groups such as South Asians may
have a higher predisposition to develop prematuxB @nd risk scores may further
underestimate risk (38-40), however we did not rexfécient power to analyze sub-groups
based on race/ethnicity.
Conclusions

The vast majority of adults who present with ana¥ld young age would not have met
current guideline-based treatment thresholds &dirstherapy prior to their MIl. These findings

highlight the need for developing better risk assent tools among young adults.
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Clinical perspectives

Clinical Competencies:Providers need to be cautious when applying statommendations
endorsed by guidelines to young individuals untlerage of 50, as a low ASCVD risk score
maybe falsely reassuring in certain clinical scerzarand consequently lead to under-treatment.
We recommend that in addition to calculating theCA® risk score, clinicians consider
incorporating additional risk markers — such asrnatire family history of CAD, or clustering

of traditional and novel risk factors — when havirgk-benefit discussions with young adults in
the context of shared decision making.

Translational Outlook: Re-calibration of risk scores or development ofelaisk scores to

more accurately estimate cardiovascular risk imgpadults is needed.
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Figure Legends

Central Illustration: Guideline-based Statin Eligibility of Young Adults Prior to MI.
Contemporary statin guidelines were applied to 3 yioung adults not on statins prior to
myocardial infarction. The right panel displays stepwise implementation of the 2013
American College of Cardiology/American Heart Adation cholesterol guidelines. The left
panel displays the stepwise implementation of BE62Jnited States Preventive Services Task
Force statin recommendations. The cohort is sedtlby statin eligibility according to specified
guideline criteria into three groups—statin recomdetl (green), statin considered (gray) and
statin not recommended (red). The risk factors idemed by USPSTF guidelines include
diabetes, hypertension, dyslipidemia and smokify. £ Low density lipoprotein, ASCVD —
atherosclerotic cardiovascular disease, CV — casadicular, ACC / AHA — American College of
Cardiology / American Heart Association, USPSTFnited States Preventive Services Task
Force.

Figure 1: Prevalence of cardiovascular risk factorstratified by statin eligibility.

Distribution of the most common risk factors witlwar cohort, stratified by the proportion of
patients who are recommended (green), considerag)(gr not recommended (red) statins by
the 2013 American College of Cardiology / Ameri¢éagart Association guidelines.

Figure 2: Lifetime cardiovascular risk. Proportion of patients with high lifetime cardiocatar
risk (=39%) among young adults with MI.

Figure 3: Burden of risk factors and statin ineligbility. Proportion of patients not eligible for
statin therapy stratified by cumulative burden afdiovascular risk factors by 2013 ACC / AHA
(orange) and 2016 USPSTF recommendations (blu@ardiovascular risk factors considered

include diabetes, hypertension, dyslipidemia andksng. ACC / AHA — American College of
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Cardiology / American Heart Association, USPSTFnited States Preventive Services Task
Force.

Figure 4: Statin Eligibility of Young Adults Prior to Ml by Various Guidelines. The square
box represents the total population (n=1475) oepés who experienced a myocardial infarction
at a young age. The colored circles representribgoption of statin eligible (statins considered /
statin recommended) individuals. The size is diygmtoportional to magnitude of statin
eligibility, with the 2013 2013 ACC / AHA guidelisaepresented by the red circle, 2016
USPSTF recommendations represented by the gresa amd NCEP Il guidelines represented
by the golden circle. Overlap between circles regmnés individuals that were eligible by
multiple respective guidelines. AHA — American @gj of Cardiology/American Heart
Association, USPSTF — United States Preventivei&esviask Force, NCEP — National
Cholesterol Education Panel.

Figure 5: Sex differences in statin eligibility Classification of statin eligibility by the 2013
ACC/AHA guidelines (orange) and 2016 USPSTF reconmaagons (blue) for women (right
panel) and men (left panel). ACC/AHA — American IEgé of Cardiology / American Heart

Association, USPSTF — United States PreventiveiSssvl ask Force.
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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°®ldegree 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 (101,21y)
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 2Q0G/AHA

724 (49.1%)

Recommended / Considered for statin therapy by 2(8BSTF

430 (29.2%)

Recommended / Considered for statin therapy byedghideline

742 (50.3%)

Recommended / Considered for statin therapy by NIEP

507 (34.4%)

Numbers represent N (% of total), unless othensiated

MI — myocardial infarction, CAD — coronary arterigelase, HDL — High density lipoprotein,
LDL — Low density lipoprotein, ASCVD — atheroscléoocardiovascular disease
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Table 2: Sex differences

Male Female
Factor p-value
(n=1181, 80%) | (n=294, 20%)
Age at time of MI, median (IQR) 45 (41, 48) 46 @), 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°®ldegree 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) 18809) 0.014
HDL cholesterol mg/dL, mean (SD) 36.1 (9.5) 40.8.8) <0.001
LDL cholesterol mg/dL, mean (SD) 119.8 (45.9) 11@28.6) 0.02
Triglycerides mg/dL, median (IQR) 153 (104, 230 2186,177) | <0.001
ASCVD score, median (IQR) 5.2 (3.2,8.5) 3.2(6D) | <0.001
ASCVD Risk Group
<5% 571 (48.3%) 199 (67.7%
5-7.5 % 253 (21.4%) 45 (15.3%)
<0.001
7.5-20 % 326 (27.6%) 39 (13.3%)
>20 % 31 (2.6%) 11 (3.7%)
Recommended / Considered for statin
603 (51.1%) 102 (34.7%)| <0.001
therapy by 2013 ACC/AHA
Recommended / Considered for statin
377 (31.9%) 53 (18%) <0.00L
therapy by 2016 USPSTF
Recommended / Considered for statin
) o 632 (53.5%) 110 (37.4%)| <0.001
therapy by either guideline
Recommended / Considered for statin
o 378 (32%) 129 (43.9%)| <0.001L
therapy by NCEP Il guidelines
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Numbers represent N (% of total), unless otherstiated. Ml — myocardial infarction, CAD —
coronary artery disease, HDL — High density lipdeimo, LDL — Low density lipoprotein,
ASCVD - atherosclerotic cardiovascular disease
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Central lllustration
How many young adults would meet guideline criteria for statins prior to MI?

| Adults < 50 years with a first-time MI (N=1685) |

—)| 210 treated with statin Pre-MI |

2013 ACC/AHA | ,—N_"m—| | 2016 USPSTF
- . -~ T - .
guidelines e recommendations
LDL 2 190 mg/dL . N=43(3% v
! (3%) STATIN N=43(3%) . LDL2190mg/dL
Age > 40 years with Diabetes RECOMMENDED )
o N=127(9% > v
&LDL > 70 mg/dL (9%) 31% | 18% Ne226(15%) < 10-y ASCVD risk score >10%
v AND 1 CV risk factor
10-y ASCVD risk score 27.5 % & N=266 (18%) STATIN
LDL 270 mg/dL ' CONSIDERED

10-y ASCVD risk score 7.5-10%

! 9 % N=161(11%) ° )
10-y ASCVD risk score 5-7.5% & 18% | 11% (%] AND 1 CV risk factor

~» N=269(18%)
LDL 2 70 mg/dL

STATIN NOT

— H- -RECOMMENDED - -
_51% | 71%

Downloaded for Hospital Anzhen (bjazyytsg@126.com) at Capital University of Medical Sciences from ClinicalKey.com by Elsevier on November 19, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.



ACCEPTED MANUSCRIPT
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ACCEPTED MANUSCRIPT

STATIN INELIGIBILITY AND BURDEN OF RISK FACTORS
M 2013 ACC/AHA m 2016 USPSTF

100 98
50 88
« 80 76
=2
£ 69
=
f_t 70
[7,]
&S 60 55
[V
w
2 %0 43 42
S a0
w
[
g 30 23
R 2
1
. ]

4 (N=44) 3 (N=226) 2 (N=397) 1 (N=558) 0 (N=250)
NUMBER OF CARDIOVASCULAR RISK FACTORS*

Downloaded for Hospital Anzhen (bjazyytsg@126.com) at Capital University of Medical Sciences from ClinicalKey.com by Elsevier on November 19, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.



Statin Eligibility of Young Adults Prior to Ml by Various Guidelines
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SEX DIFFERENCES IN STATIN ELIGIBILITY
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Cardiovascular Risk and Statin Eligibility of Young Adults
Who Experience a Myocardial | nfarction:
From the Partners YOUNG-MI Registry

Supplementary material

Table of contents:

Definitions (Online Tables 1 and 2)
Sensitivity analyses (Online Tables 3-8)
Enhancement of statin eligibility

| @ N =

Online Figures 1-3

1. 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.

21 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.

21 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 2240 mg/dL, systolic
blood pressure 2160 mm Hg, diastolic blood
pressure 2100 mm Hg, smoker, or diabetic.

22 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 2 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 Il 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 factors' 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. t risk factors considered by the NCEP Ill guidelines include cigarette
smoking, hypertension or on antihypertensive medication, HDL cholesterol <40 mg/dL, family history of
premature cardiovascular disease and age 245 in men. HDL > 60 mg/dL is considered as a negative risk
factor.
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2.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 M.

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 Ml
(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 Ml

Pre- Ml lipids Pre — Ml lipids not
Risk Factor available available p-value
(N=242) (N=1233)
Age at time of MI, mean (SD) 44.0 (5.0) 43.9 (5.2) 0.82
Caucasian 164 (67.8%) 896 (72.7%) 0.12
Female 63 (26.0%) 231 (18.7%) 0.009
Diabetes 57 (23.6%) 189 (15.3%) 0.002
Hypertension 126 (52.1%) 523 (42.4%) 0.006
Dyslipidemia 138 (57.0%) 680 (55.2%) 0.59
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Current Smoking 103 (42.6%) 669 (54.3%) <0.001
Premature CAD in 1% degree relative 66 (27.3%) 358 (29.0%) 0.58
ASCVD score, median (IQR) 6.0 (3.7,10.5) 4.7(2.7,7.7) <0.001
ASCVD Risk Category

<5% 97 (40.1%) 673 (54.6%)

5-7.5% 62 (25.6%) 236 (19.1%)

<0.001
7.5-20% 60 (24.8%) 305 (24.7%)
>20 % 23 (9.5%) 19 (1.5%)

Online Table 7 — Analysis limited to patients with blood pressure available prior to Ml (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 Il guidelines

Criteria NCEP Ill guidelines
Statin Not Recommended 968 (66%)
Statin Considered 160 (11%)
Statin Recommended 347 (23%)
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3. 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).

4.0nline Figures

Online Figure 1

First Type 1 Ml at < 50 years
N=2098

» Missing blood pressure (N=184) 8.7%
Missing TC or HDL (N=229) 10.9%

Type 1 Ml with data available
to calculate ASCVD risk score
(N=1685) 80.3%

> On statin therapy pre-MI (N=210) 10.0%

Type 1 MI with data available
to calculate ASCVD risk score
& not on statin therapy prior
to M
(N=1475) 70.3%

Page 5 of 7

Downloaded for Hospital Anzhen (bjazyytsg@126.com) at Capital University of Medical Sciences from ClinicalKey.com by Elsevier on November 19, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.



Online Figure 2

BURDEN OF RISK FACTORS AND LIFETIME RISK BURDEN OF RISK FACTORS AND LIFETIME RISK
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OnlineFigure 1: Consort diagram. Of the 2098 adults with a first type 1 myocardidhiction at< 50
years of age, data on blood pressure and lipidlenefs missing in 184 and 229 patients, respdgtive
Of the remaining 1685, 210 were on statin therajyr po presentation. The final analytic cohort

consisted of 1475 patients.

OnlineFigure 2: Burden of risk factorsand lifetimerisk stratified by sex. This figure illustrates the
distribution of patients in various risk categornisgd to determine lifetime cardiovascular riske Th
height of the bars is reflective of the proportadrpatients in that risk factor category. The |aidel
percentages are the estimated lifetime risk fard¢hgegory. Categories are as defined in Onlindelrab

RF — Risk factor.

Online Figure 3: Enhancement of statin eligibility. This figure illustrates the effect of reclassifying
patients with low density lipoprotein cholesteral&0 mg/dL or family history of premature coronary
artery disease as statin considered for the 2013 AGHA guidelines. Vertical axis represents petcen
eligible for statin therapy. LDL — low density lipmtein, ACC / AHA — American College of Cardiology

/ American Heart Association.
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