
Listen to this manuscript’s

audio summary by

Editor-in-Chief

Dr. Valentin Fuster on

JACC.org.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 7 3 , N O . 1 9 , 2 0 1 9

ª 2 0 1 9 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R
Familial Hypercholesterolemia Among
Young Adults With Myocardial Infarction

Avinainder Singh, MD, MMSC,a Ankur Gupta, MD, PHD,a Bradley L. Collins, MD,a Arman Qamar, MD,b

Keri L. Monda, PHD,c David Biery, BS,a J. Antonio G. Lopez, MD,d Sarah D. de Ferranti, MD, MPH,e Jorge Plutzky, MD,b

Christopher P. Cannon, MD,b James L. Januzzi, JR, MD,f Marcelo F. Di Carli, MD,a Khurram Nasir, MD, MPH,g

Deepak L. Bhatt, MD, MPH,b Ron Blankstein, MDa
ABSTRACT
ISS

Fro

Sch

Me

De

Sch

Me

Ha

su

of

Ce

Am

fun

ser

Bo

Sa

ser

Re

con

co

Ca

an
BACKGROUND There are 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.

OBJECTIVES This study aimed to evaluate the prevalence of clinically defined FH and examine the rates of statin

utilization and low-density lipoprotein cholesterol (LDL-C) achieved 1-year post MI.

METHODS The YOUNG-MI registry is a retrospective cohort study that includes patients who experience an MI at or

below age 50 years between 2000 and 2016 at 2 academic centers. Probable or definite FH was defined by the Dutch

Lipid Clinic criteria. Outcomes included the proportion of patients classified as probable or definite FH, use of lipid-

lowering therapy, and LDL-C achieved 1-year post MI.

RESULTS The cohort consisted of 1,996 adults with a median age of 45 years; 19% were women, and 54% had ST-

segment elevation MI. Probable/definite FH was present in 180 (9%) of whom 42.8% were not on statins prior to their

MI. Of the 1,966 patients surviving until hospital discharge, 89.4% of FH patients and 89.9% of non-FH patients were

discharged on statin therapy (p ¼ 0.82). Among FH patients, 63.3% were discharged on high-intensity statin 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 �44.4% compared with �34.5% (p ¼ 0.006) in non-FH patients. The proportion of patients with LDL-C $70 mg/dl

was higher among FH patients (82.2%) compared with non-FH patients (64.5%; p < 0.001).

CONCLUSIONS Clinically defined FH was present in nearly 1 of 10 patients with MI at a young age. Only two-thirds of

FH patients were discharged on high-intensity statin therapy, and the vast majority had elevated LDL-C at 1 year. These

findings reinforce the need for more aggressive lipid-lowering therapy in young FH and non-FH patients post-MI.

(J Am Coll Cardiol 2019;73:2439–50) © 2019 by the American College of Cardiology Foundation.
N 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2019.02.059
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F amilial hypercholesterolemia (FH) is
a common, yet under-recognized
condition that leads to premature

cardiovascular disease and increased car-
diovascular morbidity and mortality (1).
However, despite advances in diagnostics
and screening, FH remains undiagnosed in
>90% of patients (2). While the prevalence
of FH among the U.S. general population
ranges from approximately 1 in 212 to 1 in
250 (3,4), there are limited data regarding
prevalence of FH among patients who
experience a cardiovascular event at a
young age.
SEE PAGE 2451
Statin therapy reduces cardiovascular
events in patients with elevated cholesterol
(5), but recent data suggest that young adults,
including those with low-density lipoprotein choles-
terol (LDL-C) $190 mg/dl, have low rates of statin use,
with less than one-half of such patients receiving a
statin despite their high risk of atherosclerotic events
from an early age (6). Similarly, recent data from
the nationally representative NHANES (National
Health and Nutrition Examination Survey) suggest
that young patientswith FHmay be undertreated,with
only 13% of young patients with FH receiving any lipid-
lowering therapy (3). This pattern of clinical manage-
ment runs counter to the new 2018 guideline on the
management of blood cholesterol, which recognizes
severe hypercholesterolemia (LDL-C $190 mg/dl) as a
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group at very high risk of future events and recom-
mends initiation of maximally tolerated statin therapy
without additional risk calculations (7).

Given this context, the objectives of this study
were: 1) to evaluate the proportion of patients that
met standard clinical criteria for FH among a cohort of
patients that experienced a myocardial infarction
(MI) at a young age; 2) to evaluate the frequency and
intensity of lipid-lowering therapy, as well as the
LDL-C achieved 1-year post MI; and 3) to compare
differences in long-term, all-cause, and cardiovascu-
lar 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 2 large academic
medical centers (Brigham and Women’s Hospital and
Massachusetts General Hospital) that included pa-
tients 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 MI (9). For the present anal-
ysis, only patients with type 1 MI were included. In-
dividuals with known coronary artery disease (CAD)
(defined as prior MI or revascularization) or missing
LDL-C were excluded.

IDENTIFICATION OF PATIENTS WITH FH. The Dutch
Lipid Clinic (DLC) Network criteria (2) was used to
identify patients with FH. This is a contemporary
definition that has been widely used in most U.S. and
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European cohorts (3,4,10). The DLC criteria scores
points based on personal or family history of prema-
ture coronary or vascular disease, findings of arcus
cornealis or tendon xanthomas on clinical examina-
tion, pre-treatment LDL-C levels, and presence of
functional mutations in the LDLR, apoB, or propro-
tein convertase subtilisin/kexin type 9 (PCSK9) genes.
According to these criteria (Online Table 1), probable
FH was assigned for patients with 6 to 8 points,
whereas definite FH was assigned for patients with
>8 points. For the purposes of this analysis, and as
has been done in most studies, patients classified as
probable or definite FH were considered to have
clinically defined FH (3,4,10).

Whereas the DLC criteria uses an age cutoff of <60
years to define family history of premature CAD for
first-degree female relatives, we used an age cutoff
of <65 years to conform to the definition used in the
YOUNG-MI registry, similar to the one currently used
in guidelines (7) and other studies (11).

A text search algorithm was used to identify pa-
tients with the following keywords (and their varia-
tions) in their medical record: “xanthoma,” “arcus,”
“familial hypercholesterolemia,” and “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 pres-
ence 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 or
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) 10-
year risk score was calculated based on data available
prior to MI or at time of presentation using the pooled
cohort equations, as previously described (12). Lip-
oprotein(a) testing results were available in a subset of
patients. Over time, 2 different assays with different
reference ranges were used. Therefore, we analyzed
lipoprotein(a) as a binary variable indicating 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 med-
ical records was used to determine the prescription of
guideline-directed medical therapy at the time of
hospital discharge. Patients who died in-hospital
were excluded from this specific analysis; but not
from other analyses. Medications captured included
aspirin, P2Y12 inhibitors, beta-blockers, angiotensin-
converting enzyme inhibitors, or angiotensin recep-
tor blockers. In addition, use of lipid-lowering ther-
apy such as statins, ezetimibe, niacin, fibrates, and
proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors was also captured. Intensity of statin
therapy was defined as described in the 2013 Amer-
ican College of Cardiology (ACC)/American Heart As-
sociation cholesterol guidelines (13).

OUTCOMES. The pre-specified outcomes of interest
were: 1) the proportion of patients with probable or
definite FH; 2) the proportion of patients discharged
on any statin therapy and on high-intensity statin
therapy; 3) the reduction in LDL-C achieved at 1-year
follow-up; and 4) survival free from all-cause death
and cardiovascular death. For LDL-C reduction, we
specifically evaluated the proportion of patients at 1
year with LDL-C $70 mg/dl, LDL-C $100 mg/dl,
and $50% reduction in LDL-C, as these have been
identified as subgroups for whom additional thera-
pies such as ezetimibe and PCSK9 inhibitors may be
considered per the 2018 guidelines on the manage-
ment of blood cholesterol (7).

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 was censored
on the date of the latest query. The cause of death
was adjudicated by 2 independent cardiologists using
electronic health records, records from the Massa-
chusetts Department of Vital Statistics, and death
certificates obtained 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 cardiovas-
cular death, noncardiovascular death, or undeter-
mined cause of death. If the cause of death was
undetermined, deaths were categorized as non-
cardiovascular death. The definition of cardiovascular
death was adapted from the 2014 ACC definition for
cardiovascular endpoint events (14) and was previ-
ously detailed in the study design publication (8).

DATA MANAGEMENT. Study-related data for all pa-
tients 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

https://doi.org/10.1016/j.jacc.2019.02.059


TABLE 1 Baseline Characteristics

Unlikely/Possible FH
(n ¼ 1,816, 91%)

Probable/Definite FH
(n ¼ 180, 9%) p Value

Demographics

Age at event, yrs 45.0 (42.0–48.0) 45.5 (40.5–48.0) 0.92

Women 344 (18.9) 38 (21.1) 0.49

Race

White 1,338 (73.7) 129 (71.7) 0.11

Black 129 (7.1) 14 (7.8)

Hispanic or Latino 123 (6.8) 20 (11.1)

Asian 67 (3.7) 3 (1.7)

Missing/other 159 (8.8) 14 (7.8)

Risk factors

ST-segment 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 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

ACE inhibitor/ARB 179 (9.9) 30 (16.7) 0.007

Biomarkers on admission

Creatinine, mg/dl 1.0 � 0.4 1.0 � 0.4 0.99

Normalized troponin (x ULN assay)* 42.1 (10.6–152.2) 37.0 (9.0–112.2) 0.13

Total cholesterol, mg/dl 185.8 � 46.9 259.1 � 92.4 <0.001

LDL-C, mg/dl 113.2 � 35.4 179.8 � 87.5 <0.001

Triglycerides, mg/dl 147 (102–215) 169 (111–268) 0.006

HDL-C, mg/dl 36.9 � 10.3 36.8 � 9.7 0.95

Elevated lipoprotein(a), n (%)† 42 (38.5) 11 (55.0) 0.169

Values are median (interquartile range), n (%), or mean � SD. *Normalized to times upper limit of normal for
assay. †Elevated above upper limit of normal for assay. Available for 129 patients.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; ASCVD ¼ atherosclerotic car-
diovascular disease; CAD ¼ coronary artery disease; FH ¼ familial hypercholesterolemia; HDL-C ¼ high-density
lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction.
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Act–compliant web platform for electronic data cap-
ture and serves as an intuitive interface to enter data
with real time validation (15). 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 the chi-square or Fisher exact test.
Continuous variables were reported as medians or
means and compared with Student’s t-tests or the
Mann-Whitney U test. All analyses were performed
using Stata version 14.2 (StataCorp, College Station,
Texas). Cox proportional hazards models were con-
structed for survival free from all-cause and cardio-
vascular death. Proportional hazards assumption was
assessed by analyzing the Schoenfeld residuals.
Multivariable risk adjustment was performed using
variables that had significant univariate association
or are known to be associated with either all-cause or
cardiovascular death. The unimputed LDL-C at base-
line was used as reference to calculate change at 1
year. Waterfall plots of reduction in LDL-C at 1 year
follow-up were generated using Tableau Desktop
version 10.5 (Tableau Software, Seattle, Washington).

We also performed a sensitivity analysis using
other criteria used to define FH, including a modifi-
cation of the DLC criteria that has been used in other
cohorts, which does not consider physical examina-
tion or genetic testing (3,10), the Simon Broome
criteria (16,17), and criteria proposed by the ACC (13)
and American Heart Association (18). To determine
the yield of screening for FH using the DLC criteria,
and to allow for comparison with other studies (19),
we evaluated the prevalence of FH among different
subgroups in our cohort, including those who have
LDL-C $160 mg/dl, a family history of premature
CAD, and both of the above conditions.

RESULTS

The cohort consisted of 1,996 adults with a median
age of 45 years (interquartile range: 42 to 48 years)
who experienced a type I MI. Among this cohort,
382 (19.1%) were women and 1,081 (54.2%) had an
ST-segment elevation MI. The likelihood of FH
based on the DLC was as follows: unlikely FH
(n ¼ 1,067; 53.5%), possible FH (749; 37.5%), prob-
able FH (128; 6.4%) and definite FH (52; 2.6%).
Therefore, a total of 180 patients (9%; 95% confi-
dence interval [CI]: 7.8% to 10.4%), met criteria for
clinically defined FH.

BASELINE CHARACTERISTICS. Table 1 depicts dif-
ferences in baseline characteristics among patients
with and without FH. Physical examination findings
among patients with FH are provided in Online
Table 2. Notably, age did not differ significantly be-
tween patients with and without FH. Patients with
FH had significantly higher rates of hypertension
(57.9% vs. 46%; p ¼ 0.003), family history of pre-
mature CAD (71.7% vs. 25.6%; p < 0.001), and a
significantly higher 10-year ASCVD risk score (median
6.5 vs. 4.6; p < 0.001). Overall, statin use prior to MI
was low, and most patients (n ¼ 1,705; 85.4%) were
not on any lipid-lowering therapy prior to their MI.
Even among patients with FH, 77 (42.8%) were not on
any statin therapy prior to their MI, suggesting that
they were unaware or not treated for their underlying
condition. The above baseline characteristics strati-
fied by the 4 categories of increasing likelihood of FH
are provided in Online Table 3.

https://doi.org/10.1016/j.jacc.2019.02.059
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TABLE 2 Management and Therapy at Discharge (N ¼ 1,966)

No FH (n ¼ 1,786, 91%) FH (n ¼ 180, 9%) p Value

Revascularization

Cardiac catheterization 1,717 (96.6) 168 (96.0) 0.66

Coronary revascularization 1,561 (86.0) 151 (83.9) 0.43

Coronary artery bypass grafting 128 (7.0) 18 (10.0) 0.17

Medical therapy at hospital discharge

Any statin 1,607 (90.0) 161 (89.4) 0.80

Statin intensity*

No statin 179 (10.0) 19 (10.6) <0.001

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) <0.001

Niacin 34 (1.9) 1 (0.6) 0.37

Fibrates 54 (3.0) 5 (2.8) 1.00

Aspirin 1,699 (95.1) 170 (94.4) 0.72

Beta-blockers 1,640 (91.8) 162 (90.0) 0.40

P2Y12 inhibitors 1,490 (83.4) 143 (79.4) 0.18

ACE inhibitor/ARB 1,134 (63.5) 99 (55.0) 0.029

Diuretics 179 (10.0) 24 (13.3) 0.16

Cardiac rehabilitation 302 (16.6) 44 (24.4) 0.013

Values are n (%). *Based on 2013 American College of Cardiology/American Heart Association guideline on the
treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults.

Abbreviations as in Table 1.

TABLE 3 LDL-C Achieved at 1-Year Follow-Up (N ¼ 650)

No FH
(n ¼ 543, 84%)

FH
(n ¼ 107, 16%) p Value

LDL-C at 1 yr 80.0 (60.0 to 101.0) 96.0 (75.0 to 123.0) <0.001

Change in LDL-C at 1 yr,
mg/dl*

�39.0 (�69.0 to �11.0) �77.0 (�127.0 to �14.0) <0.001

Percent change in LDL-C at 1 yr* �34.5 (�50.0 to �10.2) �44.4 (�62.0 to �9.7) 0.006

Proportion with LDL-C at 1 yr
$70 mg/dl

350 (64.5) 88 (82.2) <0.001

Proportion with LDL-C at 1 yr
$100 mg/dl

137 (25.2) 46 (43.0) <0.001

Proportion with $50% reduction
in LDL-C at 1 yr*

130 (25.1) 44 (42.7) <0.001

Values are median (interquartile range) or n (%). *Unimputed LDL-C at baseline was used to calculate change.

Abbreviations as in Table 1.
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MEDICAL THERAPY AT DISCHARGE. When exam-
ining medical therapy for patients who survived until
discharge (n ¼ 1,966), 1,768 (89.9%) patients were
prescribed statin therapy, but of these only 978
(55.3%) were prescribed a high-intensity agent. When
comparing statin utilization between admission and
discharge, utilization of any statin therapy and high-
intensity statin therapy increased for both FH and
non-FH patients (Online Figure 1). Patients with FH
were significantly more likely to be discharged on a
high-intensity statin (63.3% vs. 48.4%; p < 0.001),
discharged on ezetimibe (5% vs. 1%; p < 0.001), and
participate in cardiac rehabilitation (24.4% vs. 16.6%;
p ¼ 0.013) compared with those without FH (Table 2).
A PCSK9 inhibitor was prescribed at discharge in
1 patient in the non-FH group.

LDL-C AT 1 YEAR POST-MI. Of the 1,966 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 (�77 mg/dl
vs. �39 mg/dl; p < 0.001) and percent (�44.4%
vs. �34.5%; p ¼ 0.006) reduction in LDL-C compared
with non-FH patients (Table 3). At 1 year, the
proportion of FH patients with LDL-C $70 and
$100 mg/dl was significantly higher compared with
those without FH (82.2% vs. 64.5% and 43% vs.
25.2%, respectively; p < 0.001 for both). Among FH
patients, 44 (42.7%) had a 50% or greater reduction in
LDL-C compared with 130 (25.1%) of non-FH patients
(p < 0.001). 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 <70 or $70 mg/dl. Even though there was a sig-
nificant reduction in LDL-C for FH and non-FH pa-
tients, those with FH were more likely to have
LDL-C $70 mg/dl, as depicted in red in Figure 1. These
findings were similar when restricting only to pa-
tients discharged on high-intensity statins and are
provided in Online Table 4.

TRENDS IN STATIN USE. Although there was no
change in the proportion of patients discharged on
statin therapy during the 16-year study period, there
was significantly higher high-intensity statin use
(Online Figure 2A) for both FH and non-FH patients
over time. Correspondingly, over the same period
there was a significant increase in the magnitude of
LDL-C reduction at 1 year compared with baseline
(Online Figure 2B).

LONG-TERM FOLLOW-UP. Over a median follow-up
of 11.2 years (interquartile range: 7.3 to 14.2 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 ¼ 0.85)
(Figure 2A). In Cox proportional hazards modeling for
survival free from all-cause death, the unadjusted
hazard ratio (HR) for FH was 1.05 (95% CI: 0.65 to
1.68), which decreased to 1.00 (95% CI: 0.61 to 1.64;
p ¼ 0.90) in a multivariable model that included de-
mographics, cardiovascular risk factors and comor-
bidities, and in-hospital treatment and medications at
discharge (Table 4). Similarly, cardiovascular death
was not significantly different among those with and

https://doi.org/10.1016/j.jacc.2019.02.059
https://doi.org/10.1016/j.jacc.2019.02.059
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FIGURE 1 Waterfall plot of %LDL-C Reduction at 1 Year Among Young Adults With MI Stratified by Presence or Absence of FH
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Figure shows the waterfall of percent low-density lipoprotein cholesterol (LDL-C) reduction at 1 year among patients without familial
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1 year $70 mg/dl. FH patients had significantly higher proportion of patients with LDL-C at 1 year $70 mg/dl (red).
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without FH (log-rank p value ¼ 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 to 1.81), which increased to 0.88
(95% CI: 0.40 to 1.92; p ¼ 0.75) in a multivariable
model that included demographics, cardiovascular
risk factors and comorbidities, and in-hospital treat-
ment and medications at discharge (Table 4).

PREVALENCE IN SUBGROUPS AND BASED ON

OTHER DIAGNOSTIC CRITERIA. Among patients with
a family history of premature CAD in a first-degree
relative (n ¼ 594), 129 (21.7%) met criteria for prob-
able/definite FH. Among 481 patients with LDL-C
$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 ¼ 193), 124
(64.3%) met criteria for probable/definite FH (Central
Illustration). Prevalence of FH based on other diag-
nostic criteria for FH is presented in Online Table 5.

DISCUSSION

In this study, the largest to examine the prevalence
and treatment of FH in young adults 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 unaware, undiagnosed, untreated, or
nonadherent to recommended therapy due to adverse
effects or personal preferences. At the time of
discharge, 10% of FH patients were not prescribed
statins, whereas 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 still
had an LDL-C $70 mg/dl, and nearly one-half had
LDL-C $100 mg/dl. Over long-term follow-up, no
significant differences in all-cause mortality or car-
diovascular mortality were observed in FH patients
compared with non-FH patients.

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� higher than that observed in the general U.S.
population (see Online Table 6 for a summary of
studies examining the prevalence of FH across
various cohorts [20]). In the United States, de Fer-
ranti et al. (4) evaluated the prevalence of FH in
NHANES from 1999 to 2012 and found it to be present
in 1 in 250 (0.4%) U.S. adults. In a more recent anal-
ysis, Bucholz et al. (3) evaluated the prevalence of FH
in NHANES from 1999 to 2014 and found it to be
present in 1 in 212 (0.47%), thus affecting nearly 1
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FIGURE 2 All-Cause and Cardiovascular Mortality Among Young Adults With

MI Stratified by Presence or Absence of FH
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million U.S. adults (3). Given that both studies lacked
confirmatory genetic testing and did not include
physical examination findings suggestive of FH, the
true prevalence of definite/probable FH could have
been underestimated.

PREVALENCE OF FH AMONG PATIENTS WITH ACUTE

CORONARY SYNDROME. Nanchen at al. (10) evalu-
ated the prevalence of FH in a multicenter study in
Switzerland—SPUM-ACS (Special Program University
Medicine–Acute Coronary Syndrome)—using criteria
similar to that used in our study. Among nearly
4,800 patients with acute coronary syndrome (ACS),
they found the prevalence of FH to be 1.6%. How-
ever, when limited to patients with premature ACS
(defined as men age #55 years, and women age #60
years) the FH prevalence increased to 4.8% (10). In
an analysis from the EUROASPIRE (European Action
on Secondary and Primary Prevention through
Intervention to Reduce Events) IV survey, which
included 7,000 patients hospitalized for ACS or
revascularization procedure, the prevalence of FH
was estimated at 8.3%, which increased to 15.4%
when restricted to the 2,212 patients age <60 years
(11). Other smaller studies have also estimated the
prevalence of FH in different countries (21). Pang
et al. (22) found FH prevalence to be 14.3% among
175 patients age <60 years admitted to a CCU in
Australia, while Al-Rasadi et al. (23) reported an FH
prevalence of 3.7% in a cohort of 3,224 patients
with ACS from the Arabian Gulf. The wide varia-
tions in the reported estimate in these studies may
be related to variability in the true prevalence of FH
across distinct, potentially genetically diverse pop-
ulations (24), the age of the cohort studied, and the
criteria used to define FH (25).

UNDERUTILIZATION OF STATINS AND OTHER

LIPID-LOWERING THERAPIES. In our study, there
was significant underutilization of statins for FH pa-
tients prior to the admission for MI (57%). Similar
undertreatment trends have also been observed by
other groups. For example, in the NHANES study,
Bucholz et al. (3) reported that among FH patients,
only 15% were taking high-intensity statins despite
high rates of screening and awareness. Those authors
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 pa-
tients remains low (21). The exact drivers of this un-
derutilization of statin therapy in younger FH
patients remains unresolved but requires further
investigation given the omission of potentially life-
saving interventions. The impact on the loss of future
life years saved and lost productivity is even more
apparent in younger MI patients with FH.

In our study, although 89% of the cohort was dis-
charged on a statin, only 63% of patients with FH
were discharged on a high-intensity statin, and
despite a nearly 50% reduction in LDL-C, the vast



TABLE 4 Long-Term Outcomes

All-Cause Mortality Cardiovascular Mortality

No FH
(n ¼ 1,816, 91%)

FH
(n ¼ 180, 9%) p Value

No FH
(n ¼ 1,816, 91%)

FH
(n ¼ 180, 9%) p Value

Crude mortality 209 (11.5) 19 (10.6) 0.81 97 (5.3) 7 (3.9) 0.48

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) 0.70

Unadjusted HR Ref. 1.05 (0.65–1.68) 0.85 Ref. 0.84 (0.39–1.81) 0.65

Adjusted HR* Ref. 1.00 (0.61–1.64) 0.9 Ref. 0.88 (0.40–1.92) 0.75

Values are n (%) or hazard ratio (HR) (95% confidence interval). *Adjusted for age, sex, cardiovascular risk factors, Charlson comorbidity index, revascularization status,
medications at discharge, and participation in cardiac rehabilitation.

FH ¼ familial hypercholesterolemia.
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majority had elevated LDL-C at 1 year. Specifically,
43% of FH patients had an LDL-C $100 mg/dl, and
82% FH patients had an LDL-C $70 mg/dl. In com-
parison, in the Swiss SPUM-ACS cohort, approxi-
mately 70% were discharged on a high-intensity
statin; nonetheless, 63% had an LDL-C $100 mg/dl
while 95% had an LDL-C $70 mg/dl (10).

The use of nonstatin lipid-lowering therapy was
trivial in our study and represents a missed oppor-
tunity, because such agents further reduce LDL
levels and cardiovascular events (26,27). The use of
ezetimibe, which is often well tolerated, was very
low in this FH cohort and also in recent PCSK9 in-
hibitor trials. Of note, in the recently completed
ODYSSEY Outcomes (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During
Treatment With Alirocumab) trial, the benefit of
adding a PCSK9 inhibitor to statin therapy was
especially apparent among those with LDL levels
>100 mg/dl, which is directly relevant to those pa-
tients identified here (28,29). The 2018 guideline on
the management of blood cholesterol (7) recom-
mends considering ezetimibe or a PCSK9 inhibitor
for high-risk patients with ASCVD and LDL-C 70 mg/
dl or higher who are on maximally tolerated statin
therapy, or maximally tolerated lipid-lowering ther-
apy, respectively. Because all patients with a recent
ACS are considered high-risk, the vast majority of
both FH and non-FH patients in our cohort may be
eligible for such therapies, with the threshold for
additional therapies in FH patients being lower
(LDL-C 100 mg/dl or higher).

Although 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 anMI, comparedwith older
age groups (30–35). Continued focus on optimizing
lipid lowering for at-risk patients is needed (36,37).
Even though statin therapy was not at an optimal
level, it is noteworthy that a significantly higher
proportion of FH patients were on statin therapy prior
to their MI when compared with the non-FH group
(57% vs. 10%). The increased use of statins by this
group may be due to primary prevention efforts
prompted by guideline recommendations for the
treatment of patients with severe hypercholesterole-
mia (LDL-C 190 mg/dl or higher) regardless of the
presence of FH.

Although our findings focus on reduction in LDL-C,
it is important to also control other risk factors in FH
and non-FH patients who experienced an MI at a
young age, such as treatment of hypertension and
tobacco use. In our study, hypertension was more
prevalent among patients with FH compared with
non-FH, as has also been reported in other cohorts
(3,4). Active smoking was present in 51% of our cohort
and was similar for both FH and non-FH patients.
Interestingly, smoking in patients with FH is associ-
ated with a 2-fold increase in the rate of cardiovas-
cular events (38), a finding that reinforces the need
for aggressive measures for smoking cessation in such
patients.
PROGNOSIS OF FH PATIENTS. Our study did not
show a significant difference in all-cause or cardio-
vascular mortality over long-term follow-up.
Although this is the largest study of FH patients with
MI at age #50 years with follow-up of >10 years, our
study was underpowered for this analysis given the
low rate of fatal events in this young population.
Studies from older cohorts have shown the signifi-
cantly worse prognosis of FH patients compared
with those without FH. In an analysis from the Swiss
SPUM-ACS cohort, FH patients had a significantly
higher rate (adjusted HR: 3.53; p ¼ 0.02) of recurrent
cardiovascular events over 1-year follow-up (39).
Similarly, in the Arabian Gulf cohort, the authors
observed a higher rate of cardiovascular events
among FH patients over 1 year (23). The lower event
rate in our study could also have been related to the
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lower residual LDL-C achieved compared with other
cohorts (39) as well the fact that our study only
examined differences in mortality while other
studies also included nonfatal cardiovascu-
lar endpoints.
ROLE OF GENETIC TESTING. Khera et al. (40) eval-
uated 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 with noncarriers within
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similar strata of LDL-C, likely reflecting their pro-
longed exposure to elevated LDL-C levels (40). Do
et al. (41) evaluated FH mutations in a large cohort of
patients with an early MI (defined as men age #50
and women age #60 years) and found a mutation in
the LDLR gene in 3.1% of patients. In contrast, Amor-
Salamanca et al. (19) found an FH mutation in 8.7%
ACS patients age <65 years, but their study only
included individuals with an LDL-C $160 mg/dl. The
authors further found that 27% of patients met DLC
criteria for definite/probable FH, which is very similar
to the 36% observed in the same subgroup
(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 (42). Neverthe-
less, 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
(7,13,43,44).

When considering the role of genetic testing, our
study provides data on subgroups of patients that
may have a higher yield for such testing (Central
Illustration). In addition to genetic testing, cascade
screening of patients identified with a monogenic
cause of hyperlipidemia should be performed, as
several studies have shown this to be a cost-effective
approach (45–47).

STUDY LIMITATIONS. We defined FH based on clin-
ical criteria, as genetic testing results were not
routinely performed, and patients may have eleva-
tions in LDL-C due to polygenic or mixed hyperlip-
idemia. However, most other studies also lack genetic
testing, (3,10,23,39), as such testing is rarely per-
formed in most clinical settings. Furthermore, among
those with severe LDL-C elevation, intensive statin
therapy is indicated regardless of mutation preva-
lence. A strength of our study is that we included
information on physical examination findings, which
was not common in other cohorts. Although our study
design did not allow us to confirm whether such
findings were present or absent in every case, exam-
ination for corneal arcus and tendon xanthomas
should be performed in all patients with premature
cardiovascular disease or severe hyperlipidemia.

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. Nevertheless, even
the DLC criteria may fail to identify some patients
with FH, especially when using a retrospective study
design. Furthermore, we were not able to confirm the
presence of premature events in first-degree rela-
tives, as has been done in some nationwide registries.
Also, our criteria for classification of premature
events in first-degree female relatives were set at age
65 years compared to age 60 years used in the DLC
criteria, which may bias the estimated prevalence of
FH.

We estimated untreated LDL-C whenever pre-
treatment LDL-C levels were not available for pa-
tients on lipid-lowering therapy prior to MI.
Although 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 (3,4,23),
which may over or underestimate LDL-C. Because
Lp(a) was only rarely measured in our cohort, we
were unable to evaluate the frequency of elevated
Lp(a) in our population, or to calculate the cor-
rected LDL-C level in the subset of patients who
may have severely elevated Lp(a). Also, we did not
evaluate for secondary causes of hyperlipidemia,
such as hypothyroidism or nephrotic syndrome.
Finally, the YOUNG-MI registry excluded patients
with prior CAD; therefore, it is possible that the true
prevalence of FH may be underestimated.

CONCLUSIONS

Clinically defined FH is present in nearly 1 in 10 pa-
tients with MI under the age of 50 years. Among this
group, only 63% are discharged on high-intensity
statin therapy, and the vast majority have elevated
LDL-C at 1 year, with 43% having LDL-C $100 mg/dl
and 82% having LDL-C $70 mg/dl. Even among non-
FH patients who experienced an MI at a young age,
25% had LDL-C $100 mg/dl and 65% had
LDL-C $70 mg/dl. Our findings highlight the need for
more aggressive lipid-lowering therapy in both young
FH and non-FH patients post-MI.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: In a cohort of patients with

probable or definite FH in whom MI developed before age

50 years, one-third were discharged from hospital

without a high-intensity statin therapy, and the majority

had elevated LDL-C levels 1 year later.

TRANSLATIONAL OUTLOOK: Improved methods are

needed to detect and more aggressively manage young

patients with FH.

J A C C V O L . 7 3 , N O . 1 9 , 2 0 1 9 Singh et al.
M A Y 2 1 , 2 0 1 9 : 2 4 3 9 – 5 0 FH in Young Adults With MI

2449
RE F E RENCE S
1. Austin MA, Hutter CM, Zimmern RL,
Humphries SE. Familial hypercholesterolemia and
coronary heart disease: a HuGE association review.
Am J Epidemiol 2004;160:421–9.

2. Nordestgaard BG, Chapman MJ, Humphries SE,
et al. Familial hypercholesterolaemia is under-
diagnosed and undertreated in the general popu-
lation: guidance for clinicians to prevent coronary
heart disease: consensus statement of the Euro-
pean Atherosclerosis Society. Eur Heart J 2013;34:
3478–90a.

3. Bucholz EM, Rodday AM, Kolor K, Khoury MJ,
de Ferranti SD. Prevalence and predictors of
cholesterol screening, awareness, and statin
treatment among US adults with familial hyper-
cholesterolemia or other forms of severe dyslipi-
demia (1999–2014). Circulation 2018;137:
2218–30.

4. de Ferranti SD, Rodday AM, Mendelson MM,
Wong JB, Leslie LK, Sheldrick RC. Prevalence of
familial hypercholesterolemia in the 1999 to 2012
United States National Health and Nutrition Ex-
amination Surveys (NHANES). Circulation 2016;
133:1067–72.

5. Fulcher J, O’Connell R, Voysey M, et al., for the
Cholesterol Treatment Trialists Collaboration. Ef-
ficacy and safety of LDL-lowering therapy among
men and women: meta-analysis of individual data
from 174,000 participants in 27 randomised trials.
Lancet 2015;385:1397–405.

6. Al-Kindi SG, DeCicco A, Longenecker CT,
Dalton J, Simon DI, Zidar DA. Rate of statin pre-
scription in younger patients with severe dyslipi-
demia. JAMA Cardiol 2017;2:451–2.

7. Grundy SM, Stone NJ, Bailey AL, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/
APhA/ASPC/NLA/PCNA Guideline on the man-
agement of blood cholesterol: executive sum-
mary: a report of the American College of
Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. J Am Coll
Cardiol 2018 Nov 8 [E-pub ahead of print].

8. Singh A, Collins B, Qamar A, et al. Study of
young patients with myocardial infarction: design
and rationale of the YOUNG-MI Registry. Clin
Cardiol 2017;40:955–61.

9. Thygesen K, Alpert JS, Jaffe AS, et al. Third
universal definition of myocardial infarction. J Am
Coll Cardiol 2012;60:1581–98.
10. Nanchen D, Gencer B, Auer R, et al. Prevalence
and management of familial hyper-
cholesterolaemia in patients with acute coronary
syndromes. Eur Heart J 2015;36:2438–45.

11. De Backer G, Besseling J, Chapman J, et al.
Prevalence and management of familial hyper-
cholesterolaemia in coronary patients: an analysis
of EUROASPIRE IV, a study of the European Soci-
ety of Cardiology. Atherosclerosis 2015;241:
169–75.

12. Singh A, Collins BL, Gupta A, et al. Cardiovas-
cular risk and statin eligibility of young adults af-
ter an mi: Partners YOUNG-MI Registry. J Am Coll
Cardiol 2018;71:292–302.

13. Stone NJ, Robinson JG, Lichtenstein AH, et al.
2013 ACC/AHA guideline on the treatment of
blood cholesterol to reduce atherosclerotic car-
diovascular risk in adults: a report of the American
College of Cardiology/American Heart Association
Task Force on Practice Guidelines. J Am Coll Car-
diol 2014;63:2889–934.

14. Hicks KA, Tcheng JE, Bozkurt B, et al. 2014
ACC/AHA key data elements and definitions for
cardiovascular endpoint events in clinical trials: a
report of the American College of Cardiology/
American Heart Association Task Force on Clinical
Data Standards (Writing Committee to Develop
Cardiovascular Endpoints Data Standards). J Am
Coll Cardiol 2015;66:403–69.

15. Harris PA, Taylor R, Thielke R, Payne J,
Gonzalez N, Conde JG. Research electronic data
capture (REDCap)—a metadata-driven methodol-
ogy and workflow process for providing trans-
lational research informatics support. J Biomed
Inform 2009;42:377–81.

16. Scientific Steering Committee on behalf of the
Simon Broome Register Group. Risk of fatal coro-
nary heart disease in familial hyper-
cholesterolaemia. BMJ 1991;303:893–6.

17. Wierzbicki AS, Humphries SE, Minhas R, for the
Guideline Development Group. Familial hyper-
cholesterolaemia: summary of NICE guidance. BMJ
2008;337:a1095.

18. Gidding SS, Champagne MA, de Ferranti SD,
et al. The agenda for familial hypercholester-
olemia: a scientific statement From the Amer-
ican Heart Association. Circulation 2015;132:
2167–92.
19. Amor-Salamanca A, Castillo S, Gonzalez-
Vioque E, et al. Genetically Confirmed Familial
Hypercholesterolemia in Patients With Acute
Coronary Syndrome. J Am Coll Cardiol 2017;70:
1732–40.

20. Benn M, Watts GF, Tybjaerg-Hansen A,
Nordestgaard BG. Familial hypercholesterolemia
in the Danish general population: prevalence,
coronary artery disease, and cholesterol-lowering
medication. J Clin Endocrinol Metab 2012;97:
3956–64.

21. Gencer B, Nanchen D. Identifying familial hy-
percholesterolemia in acute coronary syndrome.
Curr Opin Lipidol 2016;27:375–81.

22. Pang J, Poulter EB, Bell DA, et al. Frequency of
familial hypercholesterolemia in patients with
early-onset coronary artery disease admitted to a
coronary care unit. J Clin Lipidol 2015;9:703–8.

23. Al-Rasadi K, Al-Zakwani I, Alsheikh-Ali AA,
et al. Prevalence, management, and outcomes of
familial hypercholesterolemia in patients with
acute coronary syndromes in the Arabian Gulf.
J Clin Lipidol 2018;12:685–92.e2.

24. Austin MA, Hutter CM, Zimmern RL,
Humphries SE. Genetic causes of monogenic het-
erozygous familial hypercholesterolemia: a HuGE
prevalence review. Am J Epidemiol 2004;160:
407–20.

25. Watts GF, Pang J, Santos RD. Europe aspires to
set the record straight on familial hyper-
cholesterolaemia. Atherosclerosis 2015;241:
769–71.

26. Cannon CP, Blazing MA, Giugliano RP, et al.
Ezetimibe added to statin therapy after acute
coronary syndromes. N Engl J Med 2015;372:
2387–97.

27. Sabatine MS, Giugliano RP, Keech AC, et al.
Evolocumab and clinical outcomes in patients with
cardiovascular disease. N Engl J Med 2017;376:
1713–22.

28. Szarek M, White HD, Schwartz GG, et al. Alir-
ocumab reduces total nonfatal cardiovascular and
fatal events in the ODYSSEY OUTCOMES Trial.
J Am Coll Cardiol 2019;73:387–96.

29. Schwartz GG, Steg PG, Szarek M, et al. Alir-
ocumab and cardiovascular outcomes after acute
coronary syndrome. N Engl J Med 2018;379:
2097–107.

http://refhub.elsevier.com/S0735-1097(19)34552-8/sref1
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref1
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref1
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref1
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref2
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref3
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref4
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref5
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref6
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref6
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref6
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref6
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref7
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref8
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref8
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref8
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref8
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref9
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref9
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref9
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref10
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref10
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref10
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref10
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref11
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref12
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref12
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref12
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref12
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref13
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref14
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref15
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref16
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref16
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref16
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref16
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref17
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref17
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref17
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref17
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref18
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref18
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref18
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref18
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref18
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref19
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref19
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref19
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref19
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref19
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref20
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref21
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref21
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref21
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref22
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref22
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref22
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref22
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref23
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref23
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref23
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref23
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref23
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref24
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref24
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref24
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref24
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref24
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref25
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref25
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref25
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref25
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref26
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref26
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref26
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref26
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref27
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref27
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref27
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref27
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref28
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref28
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref28
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref28
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref29
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref29
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref29
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref29


Singh et al. J A C C V O L . 7 3 , N O . 1 9 , 2 0 1 9

FH in Young Adults With MI M A Y 2 1 , 2 0 1 9 : 2 4 3 9 – 5 0

2450
30. Peters SAE, Bots SH, Woodward M. Sex dif-
ferences in the association between measures of
general and central adiposity and the risk of
myocardial infarction: results from the UK Bio-
bank. J Am Heart Assoc 2018;7:e008507.

31. Bangalore S, Fonarow GC, Peterson ED, et al.
Age and gender differences in quality of care and
outcomes for patients with ST-segment elevation
myocardial infarction. Am JMed 2012;125:1000–9.

32. Bhatt DL, Eagle KA, Ohman EM, et al.
Comparative determinants of 4-year cardiovascu-
lar event rates in stable outpatients at risk of or
with atherothrombosis. JAMA 2010;304:1350–7.

33. Bhatt DL, Steg PG, Ohman EM, et al. Interna-
tional prevalence, recognition, and treatment of
cardiovascular risk factors in outpatients with
atherothrombosis. JAMA 2006;295:180–9.

34. Nambi V, Bhatt DL. Primary prevention of
atherosclerosis: time to take a selfie? J Am Coll
Cardiol 2017;70:2992–4.

35. Steg PG, Bhatt DL, Wilson PW, et al. One-year
cardiovascular event rates in outpatients with
atherothrombosis. JAMA 2007;297:1197–206.

36. Lloyd-Jones DM, Morris PB, Ballantyne CM,
et al. 2017 focused update of the 2016 ACC Expert
Consensus Decision Pathway on the Role of Non-
Statin Therapies for LDL-Cholesterol Lowering in
the Management of Atherosclerotic Cardiovascular
Disease Risk: A Report of the American College of
Cardiology Task Force on Expert Consensus Deci-
sion Pathways. J Am Coll Cardiol 2017;70:
1785–822.

37. Writing C, Lloyd-Jones DM, Morris PB, et al.
2016 ACC expert consensus decision pathway
on the role of non-statin therapies for
LDL-cholesterol lowering in the management of
atherosclerotic cardiovascular disease risk: a
report of the American College of Cardiology Task
Force on Clinical Expert Consensus Documents.
J Am Coll Cardiol 2016;68:92–125.

38. Kramer A, Jansen AC, van Aalst-Cohen ES,
Tanck MW, Kastelein JJ, Zwinderman AH. Relative
risk for cardiovascular atherosclerotic events after
smoking cessation: 6-9 years excess risk in in-
dividuals with familial hypercholesterolemia. BMC
Public Health 2006;6:262.

39. Nanchen D, Gencer B, Muller O, et al. Prog-
nosis of patients with familial hypercholesterole-
mia after acute coronary syndromes. Circulation
2016;134:698–709.

40. Khera AV, Won HH, Peloso GM, et al. Diag-
nostic yield and clinical utility of sequencing fa-
milial hypercholesterolemia genes in patients with
severe hypercholesterolemia. J Am Coll Cardiol
2016;67:2578–89.

41. Do R, Stitziel NO, Won HH, et al. Exome
sequencing identifies rare LDLR and APOA5 alleles
conferring risk for myocardial infarction. Nature
2015;518:102–6.

42. Miname MH, Ribeiro MS 2nd., Parga Filho J,
et al. Evaluation of subclinical atherosclerosis by
computed tomography coronary angiography and
its association with risk factors in familial hyper-
cholesterolemia. Atherosclerosis 2010;213:
486–91.

43. Force USPST, Bibbins-Domingo K,
Grossman DC, et al. Statin use for the primary
prevention of cardiovascular disease in adults: US
Preventive Services Task Force Recommendation
Statement. JAMA 2016;316:1997–2007.
44. Piepoli MF, Hoes AW, Agewall S, et al. 2016
European guidelines on cardiovascular disease pre-
vention in clinical practice: The Sixth Joint Task Force
of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of
10 societies and by invited experts). Developed with
the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation
(EACPR). Eur Heart J 2016;37:2315–81.

45. Wonderling D, Umans-Eckenhausen MA,
Marks D, et al. Cost-effectiveness analysis of the
genetic screening program for familial hypercho-
lesterolemia in The Netherlands. Semin Vasc Med
2004;4:97–104.

46. Ademi Z, Watts GF, Pang J, et al. Cascade
screening based on genetic testing is cost-
effective: evidence for the implementation of
models of care for familial hypercholesterolemia.
J Clin Lipidol 2014;8:390–400.

47. Bell DA, Pang J, Burrows S, et al. Effectiveness
of genetic cascade screening for familial hyper-
cholesterolaemia using a centrally co-ordinated
clinical service: an Australian experience. Athero-
sclerosis 2015;239:93–100.
KEY WORDS acute coronary syndrome,
ezetimibe, familial hypercholesterolemia,
myocardial infarction, PCSK9, prevention,
statins, young adult

APPENDIX For supplemental figures and
tables, please see the online version of this
paper.

http://refhub.elsevier.com/S0735-1097(19)34552-8/sref30
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref30
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref30
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref30
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref30
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref31
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref31
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref31
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref31
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref32
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref32
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref32
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref32
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref33
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref33
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref33
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref33
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref34
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref34
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref34
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref35
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref35
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref35
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref36
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref37
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref38
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref39
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref39
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref39
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref39
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref40
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref40
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref40
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref40
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref40
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref41
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref41
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref41
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref41
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref42
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref43
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref43
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref43
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref43
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref43
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref44
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref45
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref45
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref45
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref45
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref45
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref46
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref46
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref46
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref46
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref46
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref47
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref47
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref47
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref47
http://refhub.elsevier.com/S0735-1097(19)34552-8/sref47

	Familial Hypercholesterolemia Among Young Adults With Myocardial Infarction
	Methods
	Study population
	Identification of patients with FH
	Risk factors
	Medications
	Outcomes
	Data management
	Statistical analysis

	Results
	Baseline characteristics
	Medical therapy at discharge
	LDL-C at 1 year post-MI
	Trends in statin use
	Long-term follow-up
	Prevalence in subgroups and based on other diagnostic criteria

	Discussion
	Prevalence of FH in the general population
	Prevalence of FH among patients with acute coronary syndrome
	Underutilization of statins and other lipid-lowering therapies
	Prognosis of FH patients
	Role of genetic testing
	Study limitations

	Conclusions
	Acknowledgment
	References


