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Background In the FOURIER trial, evolocumab, a proprotein convertase subtilisin-kexin type 9 inhibitor, reduced
cardiovascular events in patients with atherosclerotic cardiovascular disease (ASCVD). We aimed to examine how closely
patients in routine practice resemble the FOURIER trial participants and to assess the observed cardiovascular risks based on
trial eligibility and underrepresentativeness.

Methods Using a large US administrative database with linked laboratory data, we identified adult patients with ASCVD
between January 1, 2012, and December 31, 2016. We identified the excluded and underrepresented populations and
examined the risk of cardiovascular events (a composite endpoint of myocardial infarction [MI], stroke, angina, and coronary
revascularization) based on trial eligibility and underrepresentativeness.

Results Only15.2%of233,977patientsmet the FOURIER eligibility.Nearly60%of the ineligiblepatientsmet at least 2 exclusion
criteria. Among trial-eligible patients, elderly patients, women, minorities, and those without prior MI were underrepresented in
FOURIER. Patients who would have been excluded from FOURIER had a diverse risk profile but, on average, had a lower
cardiovascular risk than thosewhowouldhavequalified (hazard ratio [HR]0.84 [0.81-0.88],P b .001).Among theunderrepresented
patients, women andpatientswithout priorMI hada lower cardiovascular risk (HR0.77 [0.71-0.82], P b .001;HR0.67 [0.63-0.72],
P b .001, respectively). Only 47.2% of patients were on moderate-/high-intensity statins.

Conclusions One in 7 ASCVD patients in practice would have qualified for FOURIER. The excluded and underrepresented
populations were at a particularly low or high cardiovascular risk. Statin therapywas underused, and physiciansmay need to evaluate
adherence before adding a proprotein convertase subtilisin-kexin type 9 inhibitor. (Am Heart J 2019;209:54-62.)
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In the Further Cardiovascular Outcomes Research
with PCSK9 Inhibition in subjects with Elevated Risk
(FOURIER) trial, evolocumab, a proprotein convertase
subtilisin-kexin type 9 inhibitor (PCSK9i), reduced the
risk of cardiovascular events when added to statin
therapy in 27,564 patients with atherosclerotic cardio-
vascular disease (ASCVD).1 There has been a long-
standing debate whether reducing low-density lipopro-
tein cholesterol (LDL-C), regardless of the means, would
reduce cardiovascular events, and this landmark trial was
the first to provide formal evidence that evolocumab
confers cardiovascular benefit. However, the trial partic-
ipants may represent only a narrow spectrum of patients
encountered in everyday practice. Considering the high
cost of the drug, a rigorous assessment of the trial
generalizability is needed before the results could be
translated to broad patient populations.
The generalizability of a randomized controlled trial is

particularly problematic to patients who were excluded
from or underrepresented in the trial. Therefore, we
aimed to examine the proportion of ASCVD patients in
routine clinical practice who would have been excluded
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from FOURIER, and identified trial-eligible but underrep-
resented patient groups. Essentially, we seek to answer
the questions commonly asked by clinicians when
assessing whether the trial results could apply to their
patients: “would my patient have been included in this
trial?” and, if so, “are patients like mine well enough
represented in the trial so that the findings are
applicable?”
Another key driver of the divergent treatment benefits

observed in randomized controlled trials and routine
practice is that the trials may have selected patients who
would benefit most from the experimental treatment. For
example, patients at high risk of cardiovascular events
may derive more benefits (ie, absolute risk reduction)
from the addition of a PCSK9i than low-risk patients even
if the relative risk reduction is similar across the risk
spectrum. Therefore, a secondary aim is to examine the
observed cardiovascular risk based on trial eligibility and
underrepresentativeness to better understand the poten-
tial benefit from further risk reduction with a PCSK9i in
broad populations.

Methods
Study population
We identified adult patients (age ≥ 21 years) with

ASCVD between January 1, 2012, and December 31,
2016, using OptumLabs Data Warehouse (OLDW), which
contains N160 million privately insured and Medicare
Advantage enrollees of all ages and races from all 50
states.2,3 ASCVD was defined as history of myocardial
infarction (MI), angina, coronary revascularization, ische-
mic stroke, transient ischemic attack (TIA), and periph-
eral artery disease (PAD). This definition was based on
the 2013 American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guideline on the treatment
of blood cholesterol.4

The date of assessing trial eligibility was defined as the
index date. We required patients to have at least 12-
month enrollment in health insurance plans prior to the
index date. We also required patients to have lipid
measurements within 90 days prior to the index date,
including LDL-C, high-density lipoprotein cholesterol
(HDL-C), total cholesterol, and triglycerides. The index
date was the first day when patients satisfied the 12-
month enrollment and lipid measurement criteria after
the start of the study period (ie, January 1, 2012). The
mean time from the lipid measurement to the index date
was 8.5 days. After determining the index date and the
baseline period (ie, the 12 months before index date), we
limited the cohort to patients with ASCVD at baseline.
ASCVD was defined using previously described and
validated algorithms.5-7

The index date was essentially an arbitrary date to
assess trial eligibility, but the time when patients receive a
recent cholesterol measurement is often the time when
physicians and patients make decisions on subsequent
treatment. Not all ASCVD patients had a recent lipid
measurement, but it is highly unlikely that physicians
would make a treatment decision without measuring
lipids first. Not all patients with insurance claims data had
linked laboratory results, but the availability of laboratory
results depends on the contracts between laboratory
testing facilities and OLDW. In our prior investigation,
patients with and without linked laboratory results had
similar demographic and clinical characteristics. Patients'
geographic location (ie, closer to a laboratory testing
facility that submits data to OLDW) is mostly predictive of
whether patients had linked laboratory data. As such, the
selection of patients should not have introduced any
undue bias.
TheMayo Clinic Institutional ReviewBoard exempted this

study from approval. Informed consent was not required
because the study used preexisting, deidentified data.

Patient characteristics
We used patients' claims and laboratory results over the

baseline period to capture their medical history and
assess trial eligibility. Not all patients had laboratory tests
such as serum creatinine (available in 94% of patients)
and thyroid-stimulating hormone test (available in 61% of
patients). Patients who did not receive these tests were
likely those without clinically evident renal or thyroid
dysfunction, and the proportion of patients who met the
exclusion criteria due to renal failure or untreated thyroid
disease was very small. Medication use (ie, statin, β-
blocker, angiotensin-converting enzyme inhibitor,
angiotensin-receptor blocker, aldosterone antagonist)
was defined based on the prescription fills within
90 days before the index day. The intensity of statin
was defined based on the 2013 ACC/AHA guidelines.4

Statistical analysis
Potential eligibility for the trial was determined based

on the trial inclusion and exclusion criteria. Detailed
description of the trial eligibility criteria and the
operational definition used in this study were shown in
Appendix Table III. We assessed the percentages of
patients who failed to meet trial eligibility for each
criterion, and patients could be ineligible because of
multiple criteria. We calculated the percentages of
patients who met the trial eligibility in the overall
population, as well as in subgroups defined by age, sex,
race, type of atherosclerosis, and LDL-C.
To examine which subgroups of patients were

potentially eligible but underrepresented in the trial, we
compared the characteristics of trial-eligible patients to
the FOURIER participants. The patient characteristics
examined were selected based on the characteristics
reported in the FOURIER trial. We calculated both the
absolute and relative differences between the 2 groups to
identify the key drivers of underrepresentativeness.
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FOURIER only included patients on moderate- or high-
intensity statin therapy; however, statin therapy is
underused in routine clinical care.8 Therefore, we
assessed the proportion of patients using moderate-/
high-intensity statin by age, sex, race, type of atheroscle-
rosis, and baseline LDL-C level. Because the 2013 ACC/
AHA guidelines recommended high-intensity statin for
ASCVD patients ≤75 years and moderate intensity is
reasonable in patients N75 years, we further evaluated
the proportion of patients received guideline-
recommended statin therapy.4

We examined the risks of cardiovascular events during
follow-up, that is, from the day after index date until the
end of insurance enrollment or the end of the study
period (ie, December 31, 2016). The primary outcome
was a composite end point of MI, stroke, angina, or
coronary revascularization. The secondary outcome was
a composite end point of MI and stroke. The 2 outcomes
were selected based on the primary efficacy end point
and the key secondary efficacy end point used in the
FOURIER trial. MI, stroke, and angina were defined as a
hospitalization with a primary or secondary diagnosis of
these conditions. Coronary revascularization was defined
using procedure billing codes. Because our data source
did not include a reliable assessment of the cause of
death, cardiovascular death was not included in the
outcomes, but in FOURIER, evolocumab did not demon-
strate a reduction in cardiovascular death (hazard ratio
[HR] 1.05 [0.88-1.25]).
We calculated cumulative risks up to 5 years and

stratified by potential trial eligibility. We compared the
risks between patients who met the trial eligibility to
those who did not using Cox proportional-hazards
regression. Because the risks were likely affected by the
reasons for trial ineligibility, we also performed regres-
sion analyses using reasons for trial ineligibility as
independent variables. We also investigated the risk for
major underrepresented groups, for example, comparing
the risks between men and women and between patients
with and without prior MI among trial-eligible patients.
We also descriptively compared the cardiovascular risk
between the trial-eligible patients to the FOURIER
placebo arm. We used matching-adjusted indirect com-
parison analysis to adjust for age, gender, MI, hyperten-
sion, diabetes, and statin intensity so that the weighted
trial-eligible OLDW population had similar baseline
characteristics as the trial participants.9,10

Sensitivity analysis
First, because a major reason for trial ineligibility was no

moderate- or high-intensity statin therapy, as a sensitivity
analysis, we limited to patients who were treated with a
moderate- or high-intensity statin and assessed the propor-
tionof patientsmeeting trial eligibility. This analysis provided
some insights into how many patients would qualify for the
trial if the statin criterion was met.
Second, some patients did not meet trial eligibility
because they did not have a history of MI, ischemic
stroke, or PAD but were considered having ASCVD due to
a history of angina, coronary revascularization, or TIA.
We included these patients in the main analysis because
the guideline recommendations on lipid-lowering thera-
py are the same for patients with different subtypes of
ASCVD.4 In the sensitivity analysis, we focused only on
patients with a history of MI, ischemic stroke, or PAD and
assessed the proportion of meeting trial eligibility.
Third, the cohort included patients over the past 5

years. There is the reasonable expectation that the
increasing availability of generic statin, reduced out-of-
pocket cost, and the 2013 ACC/AHA guideline recom-
mendations could increase the use of moderate- or high-
intensity statin over time.8,11 We assessed the proportion
of patients meeting trial eligibility and the proportion of
statin users by year.
We did not exclude patients who used a PCSK9i

because the use often happened toward the end of
follow-up and the adoption was slow. Only 161 (b0.1%)
patients ever used a PCSK9i. We did a sensitivity analysis
using these patients' first prescription of PCSK9i as the
index date, assessed their eligibility for FOURIER at the
time of prescription, and described their characteristics.
No extramural funding was used to support this work.

The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and
editing of the paper, and its final contents.

Results
Proportion of patients meeting FOURIER eligibility
criteria
We identified 233,977 adult patients with ASCVD, of

whom 35,609 (15.2%) would have met all the eligibility
criteria (Figure 1). Approximately 56.1% of the ineligible
patients were excluded due to 2 or more reasons. Major
reasons for ineligibility included not treated with moderate-
or high-intensity statin (52.8%), lack of history of MI,
ischemic stroke or PAD (27.7%), absence of additional risk
factors (21.0%), low cholesterol level (23.4%), nonskin
cancer (11.0%), and systolic heart failure (5.9%). Table I
and Appendix Figure 1 illustrate the percentages of patients
meeting trial eligibility in subgroups.
A small proportion of patients with LDL-C b 70 mg/dL

met trial eligibility because they had non–HDL-
C ≥ 100 mg/dL. Subgroups of patients who were youn-
ger (b55 years) or older (N75 years), who had very low
(b70 mg/dL) or high (≥160 mg/dL) LDL-C, and who had
angina or TIA had a lower proportion of patients meeting
trial eligibility (Figure 2).

Trial-eligible but underrepresented subgroups
Table II compares the baseline characteristics of

FOURIER participants to the trial-eligible patients in our



Figure 1

Flowchart showing the eligibility criteria for FOURIER applied to adult patients with clinical ASCVD in routine clinical care, 2012-2016.

Yao et al 57
American Heart Journal
Volume 209
cohort. The trial-eligible OLDW patients were on average
older than FOURIER participants (mean age 68.6 ± 9.9 vs
62.5 ± 8.9 years) and consisted of a higher proportion of
women (46.4% vs 24.5%) and minorities (33.4% vs 15.0%)
but a lower proportion of patients with a history of MI
(42.0% vs 81.3%); the baseline lipid measures were
similar, for example, the median LDL-C was 88 (inter-
quartile range [IQR] 77-105) mg/dL versus 92 (IQR 80-
109 mg/dL). The characteristics of patients who would
be excluded from FOURIER were shown in Appendix
Table IV.
Only 47.2% of patients were on a moderate- or high-

intensity statin, and only 24.8% were on guideline-0
recommended statin doses (Appendix Table V). The
proportion of patients using statin was particularly low in
patients with high LDL-C, suggesting that many patients
had high LDL-C due to the underuse of statin therapy.
Risk of cardiovascular events based on trial eligibility
and underrepresentativeness
Over a mean 1.8 ± 1.3 years of follow-up (median 1.5

[IQR 0.75-2.7] years), we observed 18,579 cardiovascular
events (event rate 4.65 per 100 person-years), of which
11,699 were MI or stroke (event rate 2.85 per 100 person-
years).
Patients who would have been excluded from

FOURIER had a lower risk of cardiovascular events than
those who would have qualified (5-year risk: 17.9% vs
21.2%; HR 0.84 [0.81-0.88], P b .001). However, the risk
in the excluded patients depended on the reasons for
ineligibility (Appendix Table I). Patients who were
excluded due to various low risk features (age b40 years,
no history of MI, ischemic stroke, or PAD, no major risk
factors or less than 2 minor risk factors, low cholesterol
levels, no prior treatment with moderate- or high-



Table I. Percentages of patients meeting FOURIER eligibility in
subgroups

Characteristics

ASCVD
patients
n (%)

Percentages of
meeting FOURIER

eligibility

Overall 233,977 (100%) 15.2%
Age, y

b55 35,729 (15.3%) 9.9%
55-65 55,317 (23.6%) 14.7%
66-75 75,537 (32.3%) 19.5%
N75 67,394 (28.8%) 13.6%

Sex
Men 123,342 (52.7%) 15.5%
Women 110,635 (47.3%) 14.9%

Race/ethnicity
Asian 7156 (3.1%) 12.6%
Black 32,467 (13.9%) 16.7%
Hispanic 27,021 (11.5%) 15.0%
White 156,603 (66.9%) 15.1%
Other/unknown 10,730 (4.6%) 14.2%

Type of ASCVD
MI 66,940 (28.6%) 22.3%
Ischemic STROKE 52,920 (22.6%) 20.3%
PAD 66,911 (28.6%) 20.9%
Angina 58,832 (25.1%) 7.1%
Coronary revascularization 23,679 (10.1%) 17.3%
TIA 38,842 (16.6%) 9.6%

LDL-C, mg/dL
b70 62,501 (26.7%) 4.5%
70-100 83,001 (35.5%) 26.0%
100-160 76,682 (32.8%) 13.2%
≥160 11,793 (5.0%) 9.1%
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intensity statin) had lower risk of cardiovascular events;,
whereas patients who were excluded due to various high
risk features (age N85 years, recent MI or stroke, systolic
heart failure, hemorrhagic stroke, renal failure, and non‐
skin cancer) had a higher risk of cardiovascular events.
The risk of cardiovascular events in real-world trial-

eligible patients was similar to the FOURIER placebo arm
(3-year risk: 14.4% vs 14.6%; Appendix Figure 1). This
analysis assessed 3-year risks because the trial only reported
risks up to 3 years. The risk of the secondary outcome, MI or
ischemic stroke, was also similar to the secondary efficacy
end point in the trial (8.9% vs 9.9%). After we adjusted the
real-world trial-eligible patients to have similar baseline
characteristics as the trial participants, the risks were still
similar. The 3-year risk was 16.1% and 7.7% for the primary
and secondary outcomes, respectively.
We also investigated the cardiovascular risk in major

groups of patients who met the trial eligibility but were
underrepresented, that is, elderly, women, minorities,
and patients without prior MI. We focused on these 4
groups because the underrepresentativeness was likely
due to the underenrollment of these patients in the trial,
whereas the difference in the prevalence of other
comorbidities (eg, diabetes) or medications (eg, statins)
was likely due to the underenrollment of these 4 groups
or the underuse of optimal medical therapies.
We found that the underrepresented patients, particu-
larly women and patients without a history of MI, had a
lower risk of cardiovascular events. The 5-year risk was
18.4% for women and 23.8% for men (HR 0.77 [0.71-
0.82], P b .001), 18.9% for patients without a history of
MI, and 24.5% for patients with prior MI (HR 0.67 [0.63-
0.72], P b .001, Appendix Table II).

Sensitivity analysis
In patients who were treated with moderate-/high-

intensity statin, only 32.2% would have qualified for the
trial. Among the ineligible patients, key reasons for
ineligibility included low cholesterol levels (49.3%); lack
of history of MI, ischemic stroke, or PAD (35.9%);
absence of additional risk factors (27.5%); nonskin cancer
(15.4%); systolic heart failure (10.2%); and a very young
or old age (6.1%).
In patients who had a history of MI, ischemic stroke, or

PAD, that is, excluding patientswho only had angina, TIA, or
coronary revascularization, the proportion of trial-eligible
patients was 21% (Appendix Table VI). Among the ineligible
patients, key reasons for ineligibility included no moderate-
or high-intensity statin therapy (64.1%), low cholesterol
levels (32.0%), absence of additional risk factors (17.6%),
nonskin cancer (14.6%), systolic heart failure (8.9%), and
younger or older age (8.7%).
The proportion of trial-eligible patients did not change

appreciably over time (Appendix Table VII). Although
the use of high-intensity statin therapy did increase
somewhat over time, it remained suboptimal, at only
22.1% of patients ≤75 years, at the end of the study
period in 2016 (in comparison to 15.1% in 2012). This
observed proportion was lower than that previously
reported in the post-MI setting11 but may better reflect
the long-term use in broad populations. The decreased
proportion of trial-eligible patients in patients N75 years
was due to the increased proportion of patients with
multiple comorbidities.
Among the 161 ASCVD patients who were prescribed a

PCSK9i and had linked lipid results at that time, 90%
would have been excluded from FOURIER. Among the
ineligible patients, 60% would have met at least 2
ineligibility criteria; major reasons included no
moderate- or high-intensity statin therapy (73.8%); lack
of history of MI, ischemic stroke, or PAD (44.1%); low
cholesterol levels (26.9%); systolic heart failure (11.0%);
and nonskin cancer (4.8%). The mean age of the patients
was 64.2 years; 41.6% were female; 32.3% were minor-
ities; and 47.8% had MI. The median LDL was 117 (IQR
68-154); 17.4% used ezetimibe; 55.3% did not use any
statin or ezetimibe (Appendix Table VIII).
Discussion
The FOURIER trial, which enrolled nearly 30,000

patients from 49 countries, has the potential to
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revolutionize the approach to cardiovascular risk reduc-
tion in millions of patients. Therefore, thoughtful
interpretation and judicious translation of the trial
findings are paramount. Our study is the first to examine
how closely patients in routine clinical practice resemble
those enrolled in FOURIER and to assess the observed
cardiovascular risks based on trial eligibility and under-
representativeness. We found that only a minority of
patients would have qualified for the trial. Elderly
patients, women, minorities, and those without prior
MI were underrepresented in the trial. The excluded and
underrepresented populations were at particularly low or
high cardiovascular risk. Most patients who received a
PCSK9i in practice would not have qualified for
FOURIER.
These findings should not detract from the value of this

well-conducted and important clinical trial but rather
underscore the challenge in translating such trial results
to everyday practice. Because the absolute benefit of a
therapy is a function of a patient's baseline risk and the
relative risk reduction, many patients encountered in
practice may derive fewer benefits from PCSK9i due to
the low baseline risk. It is also uncertain whether PCSK9i
will achieve a similar relative risk reduction in the
excluded or underrepresented populations as in
FOURIER.
Our finding that the majority of patients would not have

qualified for FOURIER is consistent with a recent report
using the US Veterans Affairs data,12 but our broader
cohort is more representative of routine practice.
Although many patients were ineligible for FOURIER
because they were not treated with moderate- or high-
intensity statins, even among patients who were, 2 in 3
would have been excluded for other reasons. Our main
analysis was not restricted to patients treated with statins
because we aimed to inform providers regarding what



Table II. Comparison of FOURIER trial participants and OLDW trial-eligible patients to identify major underrepresented groups

Characteristics

FOURIER
placebo arm
(n = 13,780)

OLDW trial-eligible
patients

(n = 35,609)
Absolute difference

in prevalence
Ratio of

prevalence

Age, mean ± SD 62.5 ± 8.9 68.6 ± 9.9
Age ≥ 65 y 44.5% 70.1% −25.6% 0.6
Female sex 24.5% 46.4% −21.9% 0.5
Nonwhite race 15.0% 33.4% −18.4% 0.4
Type of atherosclerosis

MI 81.3% 42.0% 39.3% 1.9
Ischemic stroke 19.2% 30.2% −11.0% 0.6
PAD 12.9% 39.2% −26.3% 0.3

Median lipid measures (IQR), mg/dL
LDL-C 92 (80-109) 88 (77-105)
Total cholesterol 168 (151-189) 167 (151-189)
HDL-C 44 (37-53) 46 (38-57)
Triglycerides 133 (99-181) 135 (97-191)

Cardiovascular risk factors and medications
Hypertension 80.1% 93.4% −13.3% 0.9
Diabetes mellitus 36.5% 49.6% −13.1% 0.7
β-Blocker 75.4% 42.2% 33.2% 1.8
ACE inhibitor or ARB, aldosterone antagonist 77.9% 62.5% 15.4% 1.2

Statin use
High intensity 69.1% 28.8% 40.3% 2.4
Moderate intensity 30.7% 71.2% −40.5% 0.4
Low intensity 0.2% –
No statin –

Ezetimibe 5.3% 3.3% 2.0% 1.6

A negative absolute difference or a ratio b1 suggests potential underrepresentativeness of certain subgroups. ACE, Angiotensin-converting enzyme; ARB, angiotensin-receptor
blocker.
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proportion of their patients would be potential candi-
dates for PCSK9i based on trial eligibility criteria, as well
as inform payers regarding what proportion of their
enrollees would potentially require a PCSK9i.
The study has important implications for future

research and practice. First, the FDA label states that
evolocumab is indicated to reduce the risk of myocardial
infarction, stroke, and coronary revascularization in
adults with established cardiovascular disease, which
are a much broader population than the FOURIER trial
population. However, until more evidence becomes
available, extrapolation to populations excluded from
the trial should be cautious. A recent secondary analysis
of FOURIER suggested that in patients with LDL-C
b70 mg/dL, evolocumab reduced the cardiovascular risk
to a similar degree as in patients who have LDL-
C ≥70 mg/dL.13 However, all the FOURIER patients
with LDL-C b70 mg/dL had non–HDL-C ≥100 mg/dL. In
our study, only 4.5% of patients with LDL-C b70 mg/dL
would have qualified for FOURIER. As such, future
studies are needed to investigate whether the FOURIER
results are applicable to excluded populations.
Second, as in many other clinical trials,14,15 women,

minorities, and elderly patients were underrepresented in
FOURIER. Patients who did not have a history of MI were
also underrepresented. In FOURIER, the treatment effect
was largely consistent across these subgroups.1 However,
the small number of patients in certain subgroups may
make it difficult to detect potential heterogeneity in
treatment effects. The similar baseline lipid profile and
subsequent cardiovascular risks between the FOURIER
placebo arm and trial-eligible patients in our cohort
suggest that the trial results may apply to the trial-eligible
patients, but future studies are needed to assess whether
there is any heterogeneity in treatment effects.
Third, although patients with ASCVD, by definition, are

all at high risk, this population is still diverse, and the
excluded and underpresented patients are often at
particularly low or high risk. In our study, trial-eligible
patients were all treated with statins, whereas many trial-
ineligible patients were not treated; however, on average,
trial-eligible patients still had a higher cardiovascular risk.
If statins were to be more widely used, the cardiovascular
risk without PCSK9i treatment would have been even
lower in the trial-ineligible patients.16 Therefore, even
with a similar relative risk reduction, the absolute risk
reduction achieved by PCSK9i will likely be smaller
because of low baseline risk. Considering the cost of the
drugs, the use may not be justified in low-risk patients. At
the same time, the excluded populations also included
patients at particularly high risk, such as those with
recent MI or stroke, heart failure, hemorrhagic stroke,
and renal failure, for whom future studies may be
warranted.
Fourth, fewer than half of the patients in this study

were treated with moderate- or high-intensity statin
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therapy. Consistent with other studies, the use of high-
intensity statin was even lower and has only slightly
ticked up in recent years.8,11 Many patients may be
undertreated because of nonadherence, and physicians
may need to evaluate adherence before determining the
lack of efficacy of statin therapy and the need for adding
PCSK9i. For patients who have adverse effects or
difficulty adhering to statin, PCSK9i could potentially be
helpful. However, such approach is controversial, and
the reduction in cardiovascular risk has not been
demonstrated in the statin-intolerant population.17

Last, a previous study found that at a cost of $14,350 per
year, adding PCSK9i to statins was estimated to prevent
cardiovascular events compared with ezetimibe at
$414,000 per QALY.18 In our database, we found a
similar cost for PCSK9i, but because of the small sample
size and short follow-up in the PCSK9i user group, we
were not able to obtain new estimates for the risk
reduction or cost-effectiveness in routine practice.
Ezetimibe may be considered before initiating a PCSK9i,
particularly because it is now available as a generic. The
2017 Focused Update of the 2016 ACC Expert Consensus
Decision Pathway provided some guidance on the choice
of the initial nonstatin agent. For example, if patients
require N25% additional lowering of LDL-C, a PCSK9i may
be preferred, whereas ezetimibe may be the choice of the
initial nonstatin agent for patients who prefer the ease of
use of an oral agent and a lower cost. Our study has some
limitations that warrant discussion. First, this study only
included privately insured and Medicare Advantage
patients in the United States. The distribution of age,
sex, and minorities in the OLDW population is largely
consistent with the general US population. Furthermore,
the proportion of trial-eligible patients may be even lower
in the patients not included in our study because the use
of statin is lower in low-income Medicaid or uninsured
population,8 and the proportion being excluded because
of certain medical conditions (eg, renal failure) may be
higher in Medicare Fee-for-Service population. Although
we do not expect the main findings to be substantially
different in another country, future studies are needed
assessing patients outside the United States.
Second, we were not able to assess some of the trial

eligibility criteria using administrative data, such as
current daily cigarette smoking and uncontrolled hyper-
tension. Furthermore, the study relied on administrative
data to identify comorbidities and outcomes, which may
be subject to misclassification. However, we used
established algorithms that are commonly used and
demonstrated good performance in previous studies.5-7

Furthermore, the misclassification should be nondiffer-
ential and should not have any undue impact on our
comparison between trial-eligible and trial-ineligible
patients. The similar risks between the OLDW trial-
eligible group and the FOURIER placebo arm also provide
some assurance of the validity of the data.
Despite the limitations, the current study also has
several strengths, including the large sample of ASCVD
patients managed in diverse routine practice settings. Our
cohort is less selective than most registries because
registries often focus on cardiology practices for recruit-
ment and patients have to sign informed consent and
agree to be actively followed. The data are also unique in
that few other data sources are able to integrate patients
of all ages and races from all 50 states while linking to
laboratory results. As such, our findings would apply to
many patients encountered in everyday practice.
Conclusions
Only 1 in 7 ASCVD patients in practice would have

qualified for FOURIER. Most patients who received a
PCSK9i would not have qualified for FOURIER. Elderly
patients, women, minorities, and those without a history
of MI were underrepresented in the trial. The excluded
and underrepresented populations were at particularly
low or high cardiovascular risk, and the translation to
these patients should be cautious. Statin therapy was
underused, and physicians may need to evaluate statin
adherence before adding PCSK9i.

Appendix. Supplementary data
Supplementary data to this article can be found online

at https://doi.org/10.1016/j.ahj.2018.09.015.
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