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ORIGINAL RESEARCH

Contemporary National Patterns of Eligibility 
and Use of Novel Lipid- Lowering Therapies 
in the United States
Miles Shen , MD; Arash Aghajani Nargesi, MD, MPH; Khurram Nasir , MD, MPH, MSc;  
Deepak L. Bhatt , MD, MPH; Rohan Khera , MD, MS

BACKGROUND: The emergence of PCSK9i (proprotein convertase subtilisin kexin type 9 inhibitor) and icosapent ethyl (IPE) has 
expanded the role of lipid- lowering therapies beyond statins. Despite recommendations by clinical practice guidelines, their 
national eligibility and use rates remain unclear.

METHODS AND RESULTS: In the National Health and Nutrition Examination Survey data from 2017 to 2020, we assessed eli-
gibility and the use of statins, PCSK9i, and IPE among US adults according to American College of Cardiology/American 
Heart Association guideline recommendations. Eligibility for PCSK9i and IPE were determined in the following 2 scenarios: 
(1) assuming existing lipid- lowering therapy as the maximum tolerated before assessing eligibility for novel therapies and (2) 
assessing eligibility after assuming initiation and maximal escalation of preexisting lipid- lowering therapies and accounting for 
expected lipid improvements. Of 2729 sampled individuals, representing 149.3 million adults, 1376 had indications for statins, 
representing 65.8 million or 44.0% (95% CI, 40.9%– 47.2%) of adults. Current statin use was 45% of those eligible and was low 
across demographic groups. A total of 9.7 and 11.6 million adults would benefit from PCSK9i and IPE, respectively, based on 
lipid profiles and existing therapies. Assuming maximal escalation of statins and addition of ezetimibe, 4.1% (95% CI, 2.8%– 
5.4%) of adults or 6.1 million would benefit from PCSK9i and 6.8% (95% CI, 5.4%– 8.3%) or 10.2 million from IPE.

CONCLUSIONS: Six and 10 million individuals have clinical profiles whereby PCSK9i and IPE, respectively, would be expected to 
improve cardiovascular outcomes even after maximum escalation of statins and ezetimibe use, but remain undertreated with 
lipid- lowering therapies. Optimal use of lipid- targeted agents that include these novel agents is needed to improve population 
health outcomes.
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Statins have remained a mainstay of prevention and 
treatment for atherosclerotic cardiovascular disease 
(ASCVD).1,2 The emergence of novel lipid- targeted 

therapies, such as PCSK9i (proprotein convertase subtil-
isin kexin type 9 inhibitors) and icosapent ethyl (IPE), has 
expanded therapeutic options to improve cardiovascu-
lar outcomes in patients with hypercholesterolemia. The 
2018 lipid management guidelines from the American 
College of Cardiology and American Heart Association 
have recommended the use of adjunctive nonstatin 
agents such as PCSK9i for cardiovascular risk reduction 

in patients with established or high- risk ASCVD.1 These 
recommendations, in addition to the updated state-
ment recommending IPE use by the National Lipid 
Association,3 are based on evidence from large clinical 
trials that demonstrated improvement of cardiovascular 
outcomes in high- risk patients receiving PCSK9i4– 6 and 
IPE7– 9 as adjunct therapies to statins.

Despite approval by the US Food and Drug 
Administration and recommendation by clinical prac-
tice guidelines, the proportion of the US population 
that has compelling indications for these novel agents 
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has largely remained unknown. This is a particularly 
important knowledge gap given the early evidence of 
limited uptake of PCSK9i in clinical practice10 and the 
emergence of IPE as an additional risk- lowering ther-
apy in patients with elevated triglyceride levels. In the 
absence of high- quality data on the real- world use of 
these medications, an unbiased assessment of the 
eligibility and use of PCSK9i and IPE is necessary to 
inform strategies for their broader clinical use and to 
maximize their public health benefits.

In this contemporary, national study of the US pop-
ulation from 2017 to 2020, we assessed the eligibil-
ity and use of PCSK9i and IPE across indications by 
clinical practice guidelines. We also assessed the es-
timated number of individuals who would benefit from 
PCSK9i and IPE after maximal initiation and escalation 
of their baseline lipid- lowering therapies by applying 
known distributions of lipid profile changes derived 
from clinical trials that evaluated these agents.

METHODS
Data Source
Data from the National Health and Nutrition Examination 
Survey (NHANES) from 2017 to March 2020 were used 
for this study. All data and materials are publicly avail-
able online from the Centers for Disease Control and 
Prevention and can be accessed at https://wwwn.cdc.
gov/nchs/nhane s/. The NHANES is a nationally rep-
resentative database of standardized cross- sectional 
surveys designed to assess the health and nutritional 
status of noninstitutionalized civilians across the United 
States. These surveys collect a wide range of demo-
graphic, socioeconomic, dietary, and other health- 
related data such as vital signs, medications, and 
laboratory results for the monitoring of disease prev-
alence and trends in risk behaviors.11 The NHANES 
employs a complex, multistage, stratified, probability- 
based sampling design to select a nationally repre-
sentative population.12 In this study, we used data 
collected between 2017 and March 2020, which is the 
latest publicly available survey cycle. Notably, the op-
eration of the NHANES survey from 2019 to 2020 was 
suspended in March 2020 because of the COVID- 19 
pandemic, and data from 2019 through March 2020 
were combined with the 2017 to 2018 cycle to form 
a representative sample for national estimates for this 
period.13

Study Population and Exposure Groups
In this study, we included all adults ≥40 years of age 
who participated in the laboratory component of the 
survey.14 We applied national guideline indications for 
statin, PCSK9i, and IPE to define their respective eligi-
ble populations. We used the 2018 American College 
of Cardiology/American Heart Association lipid man-
agement guideline to define eligibility for statins, includ-
ing (1) patients with ASCVD; (2) patients with primary 
hypercholesterolemia, defined as low- density lipopro-
tein cholesterol (LDL- C) ≥190 mg/dL; (3) patients 40 to 
75 years of age with diabetes and LDL- C 70 to 189 mg/
dL; and (4) patients 40 to 75 years of age with LDL- C 
70 to 189 mg/dL and an estimated 10- year ASCVD 
risk of ≥7.5%.15 We used the pooled cohort risk equa-
tions to estimate 10- year ASCVD risk in those without 
ASCVD.16,17

Eligibility for PCSK9i was defined as clinical ASCVD 
and LDL- C ≥70 mg/dL on preexisting statin and eze-
timibe therapies per the 2018 American College of 
Cardiology/American Heart Association lipid man-
agement guideline.1 Although the American College 
of Cardiology/American Heart Association guide-
line also recommends the use of PCSK9i for primary 
ASCVD prevention in individuals with primary severe 
hypercholesterolemia, this recommendation requires 

CLINICAL PERSPECTIVE

What Is New?
• This contemporary, nationally representative US 

study using the National Health and Nutrition 
Examination Survey from 2017 to 2020 evalu-
ated the eligibility and use of statins, PCSK9i 
(proprotein convertase subtilisin kexin type 9 
inhibitors), and icosapent ethyl (IPE).

• Fewer than half of individuals with guideline in-
dications for statin therapy were receiving these 
agents, and there was negligible use of PCSK9i 
and IPE.

• Of US individuals, 6 million have clinical profiles 
for whom the use of PCSK9i and 10 million have 
clinical profiles for whom the use of IPE would 
be expected to improve cardiovascular out-
comes, even after maximal escalation of statin 
intensities and the use of ezetimibe.

What Are the Clinical Implications?
• Focused efforts to increase the use of novel 

lipid- targeted therapies are needed to achieve 
their public health benefits.
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knowledge of heterozygous familial hypercholesterol-
emia status and was classified as “weak”1; therefore, 
we did not factor these criteria into eligibility for PSCK9i 
in this study. For IPE, we used the guideline outlined by 
the National Lipid Association in 2019, which defines 
the eligible population as individuals ≥45 years of age 
with clinical ASCVD or individuals ≥50 years of age with 
diabetes and at least 1 additional cardiovascular risk 
factor, including hypertension, current cigarette smok-
ing, low high- density lipoprotein cholesterol (HDL- C), 
elevated high- sensitivity C- reactive protein, advanced 
age, kidney dysfunction, or the presence of micro-  or 
macroalbuminuria, who are already taking statins and 
have a residual triglyceride level of 135 to 499 mg/dL.3 
Of note, all individuals eligible for novel agents were re-
quired to be on moderate- high intensity statin therapy, 
which we define in the next section.

Defining Eligibilities for PCSK9i and IPE
Using the aforementioned eligibility criteria, we simulated 
eligibility populations for PCSK9i and IPE using the fol-
lowing 2 approaches: (1) assuming existing lipid- lowering 
therapy as the maximum tolerated before determining 
eligibility for novel therapies and (2) assessing eligibility 
after assuming initiation and maximal escalation of pre-
existing lipid- lowering therapies (ie, statin and ezetimibe) 
and accounting for their predicted lipid- lowering effects 
using distributions of lipid profile changes extrapolated 
from previously published data. These assessments 
were designed to account for the underuse of existing 
agents in many patients with indications for their use and 
the recommendation that baseline lipid- lowering therapy 
be maximized before the use of novel agents.

In modeling the second approach for simulating 
eligibility for PCSK9i, we assumed a stepwise escala-
tion of lipid- lowering therapy for those who were not 
already optimized on therapy, first with the addition or 
escalation of statin therapy then with the addition of 
ezetimibe and then accounted for the predicted LDL- C 
lowering effects. In determining the simulated eligibility 
for IPE, we assumed maximal escalation of statin ther-
apy and accounted for the predicted triglyceride low-
ering and HDL- C increasing effects. These simulations 
were based on previously published distributions of lipid 
changes with varying statin intensities and ezetimibe 
and assumed full toleration of the maximum dose of 
each agent without adverse effects. Of note, because 
the NHANES surveys collect medication names but not 
the dosages, we were unable to determine the precise 
intensities of statin therapies. Therefore, we created sta-
tin intensity categories with rosuvastatin and atorvastatin 
as “moderate- high” intensity statins and all other statins, 
including simvastatin, lovastatin, pravastatin, fluvastatin, 
and pitavastatin, as “low- moderate” intensity statins.1

Study Covariates
Demographic characteristics included age, sex, race 
and ethnicity, and health insurance status. Race and 
ethnicity were categorized according to standardized 
definitions in the NHANES and included non- Hispanic 
White, non- Hispanic Black, Mexican American, other 
Hispanic, non- Hispanic Asian, and individuals of other 
races (including multiracial but not otherwise speci-
fied). Health insurance status was determined on a 
self- reported basis and included private, employer, or 
government- based coverage.

We applied standard strategies to identify medical 
comorbidities. For identification of individuals with clin-
ical ASCVD, we included patients who self- reported a 
history of coronary heart disease, myocardial infarction, 
angina pectoris, or stroke. Coronary or arterial revas-
cularizations, peripheral artery disease, and transient 
ischemic attacks were not assessed in the NHANES. 
Diabetes was defined by a self- reported history of di-
abetes, use of glucose- lowering medications, hemo-
globin A1C ≥6.5%, or fasting glucose ≥126 mg/dL. 
Hypertension was defined by a self- reported history 
of hypertension, presence of antihypertensive medi-
cations, or mean systolic blood pressure ≥130 mm Hg 
and/or mean diastolic blood pressure ≥80 mm Hg on 
consecutive measurements. Chronic kidney disease 
was defined by a self- reported history of kidney dys-
function or dialysis within the past year or a calcu-
lated glomerular filtration rate <60 mL/min per 1.73 m2 
by the Modification of Diet in Renal Disease formula. 
Dyslipidemia was defined by a self- reported history 
of high cholesterol, triglycerides ≥150 mg/dL, LDL- C 
≥130 mg/dL, HDL- C ≤60 mg/dL, or total cholesterol 
≥200 mg/dL. Smoking was defined by self- reported 
current or recent cigarette use. Lastly, heart failure was 
identified based on self- report.

Study Outcomes
The study outcomes included eligibility and the use of 
statins, PCSK9i, and IPE; and simulated eligibility for 
PCSK9i and IPE as defined previously. Eligibilities were 
assessed in the overall population and across demo-
graphic and comorbidity subgroups. For PCSK9i and 
IPE, these were specifically assessed for the overall 
population as well as for subgroups of patients with 
ASCVD for PCSK9i and with ASCVD and diabetes for 
IPE. Use of each agent was determined through stand-
ardized in- person interviews. Individuals taking any 
of the following medications were identified as statin 
users: rosuvastatin, atorvastatin, simvastatin, lovasta-
tin, pravastatin, fluvastatin, and pitavastatin. Individuals 
taking either evolocumab or alirocumab were consid-
ered PCSK9i users. Lastly, IPE users were defined by 
users of the agent.
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Statistical Analysis
To account for the multistage sampling strategy of the 
NHANES, we used complex survey methods to calcu-
late nationally representative estimates of eligibility and 
use for the US population. We used best practices in 
the selection of sample weights, choosing the sample 
weights corresponding to the laboratory subset as sug-
gested by the National Center for Health Statistics.18

In determining simulated PCSK9i and IPE eligibil-
ities, the first model did not predicate PCSK9i and 
IPE eligibility on current statin therapy— this analy-
sis essentially reflects the scenario where statin use 
is contraindicated or not tolerated in those who were 
not taking statins. Those who were already taking 
statins were still maximally escalated, if indicated. For 
the second model that focused on assuming possi-
ble initiation and maximal escalation of lipid- lowering 
therapy, we created normal distributions of expected 
lipid changes using available trial data, including mean 
percentage changes and SDs. Distributions of lipid 
changes for low- moderate and moderate- high inten-
sity statin categories were generated from pooled 
weighted means and SDs. For low- moderate intensity 
statins, the distribution of LDL- C reduction was gen-
erated using simvastatin19 (mean reduction, 36%), and 
the distribution of triglyceride reduction was generated 
using simvastatin and pravastatin (mean reduction, 
13%).20 For moderate- high intensity statins, the distri-
bution of LDL- C reduction was generated using ator-
vastatin and rosuvastatin19 (mean reduction, 44%), and 
the distribution of triglyceride reduction was generated 
using atorvastatin (mean reduction, 21%).20 The degree 
of lipid changes with escalation from low- moderate to 
moderate- high intensity statins was computed through 
the subtraction of the corresponding normal distribu-
tions. The distribution of LDL- C reduction with ezeti-
mibe when added onto preexisting statin therapy was 
obtained as well (mean reduction, 23%).21 The effects 
of statins on HDL- C lack obvious dose dependency; 
therefore, our distribution was generated using ator-
vastatin, simvastatin, and pravastatin (mean increase, 
6%).20,22

Simulated PCSK9i eligibility is based on cumulative 
LDL- C reduction assuming stepwise escalation of ther-
apy with statins and ezetimibe. For individuals not on 
any prior lipid- lowering therapies, we assumed direct 
initiation of moderate- high intensity statin therapy with 
the subsequent addition of ezetimibe. For individuals 
only on preexisting low- moderate intensity statin ther-
apy, we assumed escalation to moderate- high statin 
therapy with the subsequent addition of ezetimibe. 
For individuals on preexisting low- moderate intensity 
statin therapy and ezetimibe, we assumed escalation 
to moderate- high statin therapy. For individuals on 
moderate- high intensity statin therapy, we assumed 

the addition of ezetimibe alone. Lastly, for individuals 
on preexisting ezetimibe therapy without statin, we 
assumed escalation directly to moderate- high inten-
sity statin therapy. Simulated IPE eligibility accounted 
for the predicted triglyceride- reducing and HDL- C– 
increasing effects with statin therapy. For individuals 
not on prior statins, we assumed initiation of moderate- 
high intensity statin therapy, and for those on prior 
low- moderate intensity statin therapy, we assumed 
escalation to moderate- high intensity statin therapy.

We employed bootstrapping methods— random 
sampling with replacement— across 1000 iterations 
using our distributions of lipid changes to generate 
postescalation lipid distributions for every sample in-
dividual. This simulation was designed to account for 
the inherent heterogeneity of lipid- lowering effects with 
varying agents and, as such, incorporates a degree 
of stochasticity into our predictions. We generated 
postescalation LDL- C distributions to simulate PCSK9i 
eligibility and postescalation triglyceride and HDL- C 
distributions to simulate IPE eligibility. Probabilities of 
eligibility for novel agents for every sample individual 
were then computed using lipid- level cutoffs and clin-
ical profiles in accordance with guideline indications. 
These probabilities were then weighted using survey 
methods to create nationally representative population 
counts. A diagram of these methods is illustrated in 
Figure 1.

We reported weighted proportions representative 
of the US population with likelihood- based 95% CIs 
as well as counts at the sample and population lev-
els. Categorical variables were presented as frequency 
and percentages, and continuous variables as means 
and SDs. The study uses public data with deidenti-
fied information; thus, this study represents nonhuman 
subject research outside the purview of an institutional 
review board. All data were analyzed using R software, 
version 4.1.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
Population Demographics and 
Characteristics
There were 15 560 participants in the NHANES from 
2017 to 2020, of which 2729 were adults ≥40 years 
of age with participation in the laboratory component 
of the survey and LDL- C measurements, represent-
ing 149.3 million US adults (Table S1). In this popula-
tion, 32.9% (95% CI, 29.6%– 36.2%) were ≥65 years 
of age, 52.5% (95% CI, 49.8%– 55.1%) were women, 
66.2% (95% CI, 62.1%– 70.4%) were non- Hispanic 
White participants, 10.7% (95% CI, 7.9%– 13.6%) 
were non- Hispanic Black participants, 5.7% (95% CI, 
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3.8%– 7.6%) were non- Hispanic Asian participants, 
6.7% (95% CI, 5.0%– 8.5%) were Mexican American 
participants, 6.8% (95% CI, 5.4%– 8.2%) were other 
Hispanic participants, and 3.9% (95% CI, 2.6%– 5.2%) 
were participants of other races, including multiracial 
individuals. Among these patients, 90.2% (95% CI, 
87.5%– 92.8%) reported having health insurance. In 
addition, 14.0% (95% CI, 11.3%– 16.6%) of individuals 
had ASCVD, 43.3% (95% CI, 39.6%– 47.1%) had hy-
pertension, 48.1% (95% CI, 45.6%– 50.7%) had dys-
lipidemia, 16.7% (95% CI, 14.5%– 18.8%) had diabetes, 
3.5% (95% CI, 2.4%– 4.6%) reported a history of heart 
failure, and 15.3% (95% CI, 12.8%– 17.9%) reported ac-
tive smoking.

Statin Eligibility and Use
Of the 2729 sampled individuals, 1376 had indica-
tions for statins, representing 65.8  million or 44.0% 
(95% CI, 40.9%– 47.2%) of US adults ≥40 years of 
age (Table). This statin- eligible population also rep-
resented 66.2% (95% CI, 61.2%– 71.2%) of individu-
als ≥65 years of age, 33.2% (95% CI, 29.4%– 37.0%) 
of individuals 40 to 64 years of age, 35.3% (95% CI, 
31.8%– 38.7%) of women, and 53.7% (95% CI, 48.7%– 
58.8%) of men. Statin eligibility across race and eth-
nicity groups included 43.9% (95% CI, 39.7%– 48.0%) 
of non- Hispanic White individuals, 50.5% (95% CI, 
45.5%– 55.6%) of non- Hispanic Black individuals, 
39.4% (95% CI, 34.0%– 44.8%) of non- Hispanic Asian 
individuals, 38.7% (95% CI, 31.1%– 46.3%) of Mexican 
American individuals, 42.8% (95% CI, 34.3%– 51.4%) of 
other Hispanic individuals, and 47.6% (95% CI, 32.2%– 
62.9%) of individuals of other races. Key characteristics 
of this population are summarized in Table.

Of the US population eligible for statins, 44.5% 
were active users of ≥1 statins (Figure  2), represent-
ing 29.6  million individuals. Individuals ≥65 years of 
age formed the group with the highest degree of sta-
tin indication at 66.2% as well as statin use at 50.9% 
of those eligible. Among all other demographic sub-
groups, proportions of statin use among those eligible 
were low throughout, with the lowest proportions of 
use in individuals 40 to 64 years of age (38.6%), non- 
Hispanic Black individuals (37.0%), and other Hispanic 
individuals (35.0%). The distribution of statin usage by 
intensity category, regardless of indication, is shown in 
Table S2.

PCSK9i and IPE Eligibility and Use
PCSK9i and IPE eligibility based on current clinical 
and lipid profiles is demonstrated in Table S3. In the 
first model, which did not predicate PCSK9i eligibility 
on current statin therapy, 6.5% (95% CI, 4.9%– 8.1%) 
of US adults or 9.7  million were eligible for PCSK9i 
based on current lipid levels and clinical profiles, 
also representing 46.7% (95% CI, 40.6%– 52.8%) of 
adults with ASCVD or 9.7 million individuals (Table S4, 
Figure 3A)– these weighted population counts are the 
same because all individuals eligible for PCSK9i must 
have ASCVD. In the second model, which simulated 
the possibility of initiation and maximal escalation 
of statin and ezetimibe therapies and accounted for 
the associated reductions in LDL- C, we observed a 
lower number at 4.1% (95% CI, 2.8%– 5.4%) of US 
adults or 6.1 million who would benefit from PCSK9i, 
also representing 29.3% (95% CI, 24.0%– 34.6%) of 
adults with ASCVD or 6.1 million individuals (Table S4, 
Figure 3A).

Figure 1. Methods for simulated PCSK9i and IPE eligibility assuming maximal escalation of lipid- lowering therapy.
HDL- C indicates high- density lipoprotein cholesterol; IPE, icosapent ethyl; LDL- C, low- density lipoprotein cholesterol; PCSK9i, 
proprotein convertase subtilisin kexin type 9 inhibitor; and Rx, prescription.
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In determining the eligibility for IPE, the first model 
suggested an eligibility of 7.8% (95% CI, 6.2%– 9.3%) 
of US adults or 11.6 million individuals, which includes 
29.2% (95% CI, 20.1%– 38.4%) of adults with ASCVD 
or 6.1 million individuals, and 35.6% (95% CI, 28.9%– 
42.4%) of adults with diabetes or 8.9 million individuals 
(Table S4, Figure 3B). After simulating the possibility of 
initiation and maximal escalation of statin therapy and 
accounting for associated reductions in triglycerides 
and increases in HDL- C, 6.8% (95% CI, 5.4%– 8.3%) of 
US adults or 10.2 million would benefit from IPE, which 
includes 26.0% (95% CI, 17.7%– 34.4%) of adults with 
ASCVD or 5.4 million individuals, and 31.4% (95% CI, 
24.6%– 38.2%) of adults with diabetes or 7.8 million in-
dividuals (Table S4, Figure 3B). Stratification of PCSK9i 
and IPE eligibility by key demographics is shown in 
Figure S1. Original and simulated mean postescalation 

LDL- C and triglyceride levels are shown in Figure 4 and 
Figure S2.

Current use of PCSK9i and IPE in the United States 
was nearly negligible. There were only 5 individuals at 
the sample level who were PCSK9i users, representing 
253 528 or 0.17% (95% CI, 0.01%– 0.33%) of US adults. 
Similarly, there were only 2 individuals at the sample 
level who were IPE users, representing 233 064 or 
0.16% (95% CI, 0.00%– 0.43%) of US adults (Table S2).

DISCUSSION
In this nationally representative US study, fewer than 
half of individuals who had guideline indications for 
lipid lowering with statins were receiving these agents, 
with particular underuse among Black adults and 

Table 1. Current Eligibility for Statins in Study Population Across Demographic and Comorbidity Profiles

Overall, N Eligible, n
Weighted percentage (95% 
CI) Weighted population

Overall 2729 1376 44.0 (40.9– 47.2) 65.8M*

Age, y

≥65 990 655 66.2 (61.2– 71.2) 32.5M

40– 64 1739 721 33.2 (29.4– 37.0) 33.2M

Sex

Female sex 1384 574 35.3 (31.8– 38.7) 27.6M

Male sex 1345 802 53.7 (48.7– 58.8) 38.2M

Race and ethnicity

Non- Hispanic White 
participants

968 471 43.9 (39.7– 48.0) 43.4M

Non- Hispanic Black 
participants

698 407 50.5 (45.5– 55.6) 8.1M

Non- Hispanic Asian 
participants

339 143 39.4 (34.0– 44.8) 3.3M

Mexican American participants 308 144 38.7 (31.1– 46.3) 3.9M

Other Hispanic participants 297 157 42.8 (34.3– 51.4) 4.4M

Other race participants† 119 54 47.6 (32.2– 62.9) 2.7M

Health insurance

Yes 2404 1230 44.7 (41.4– 47.9) 60.1M

No 325 146 38.5 (28.1– 48.9) 5.6M

Comorbidities

ASCVD 435 435 100.0 20.8M

Hypertension 1349 888 62.3 (58.2– 66.3) 40.3M

Dyslipidemia 1304 803 54.3 (48.7– 59.9) 39.0M

Diabetes 601 539 89.7 (85.8– 93.5) 22.3M

CKD 396 261 65.1 (57.5– 72.7) 13.1M

Heart failure 140 118 84.8 (76.9– 92.8) 4.4M

Smoking 490 310 55.4 (49.2– 61.7) 12.7M

Weighted percentages represent the proportion of individuals in each demographic or comorbidity subgroup who are eligible for statins. ASCVD indicates 
atherosclerotic cardiovascular disease; and CKD, chronic kidney disease.

*M represents population in millions.
†NHANES definitions of race and ethnicity included non- Hispanic White, non- Hispanic Black, non- Hispanic Asian, Mexican American, other Hispanic, and 

individuals of other races (including multiracial but not otherwise specified).
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younger adults 40 to 64 years of age. Furthermore, 
based on the lipid profiles of US adults and their exist-
ing therapies, 9.7 million or 6.5% of those >40 years of 
age would merit consideration for PCSK9i. In addition, 
11.6 million or 7.8% of those in this age group would 
benefit from reduced risk of cardiovascular adverse 
events with the initiation of IPE. However, a substantial 
proportion of individuals who may be candidates for 
PCSK9i and IPE are on suboptimal therapy with statins 
and/or ezetimibe, and if optimally managed on these 
agents, 6.1 and 10.2 million US adults >40 years of age 
are expected to be candidates for PCSK9i and IPE, 
respectively.

Our findings underscore the degree to which stan-
dard lipid- lowering therapies are underused, but also 
highlight the potential population that would benefit 
from PCSK9i and IPE in the United States. Prior stud-
ies have demonstrated the suboptimal use of standard 
lipid- lowering therapies, including statins and ezeti-
mibe, in individuals with ASCVD.21,23– 27 Moreover, a re-
cent study using the GOULD (Getting to an Improved 
Understanding of Low- Density Lipoprotein Cholesterol 
and Dyslipidemia Management) clinical registry 
demonstrated only modest lipid- lowering therapy in-
tensification during a 2- year period in patients with 
ASCVD, with particularly low rates of intensification in 
non- White individuals.23 The impact of continued sub-
optimal use of standard lipid- lowering therapies on 
public health can be substantial. Estimates of PCSK9i 
eligibility range from modest to large; several studies 

estimate PCSK9i eligibility at around 14% of those with 
ASCVD after simulating lipid- lowering therapy intensifi-
cation.21,28,29 Other studies estimate that up to one- half 
of patients with ASCVD could be eligible for PCSK9i 
therapy.30,31

In our study, we also found a substantial number 
of individuals who would be eligible for IPE therapy. 
Although the literature on IPE is limited in comparison 
with that of PCSK9i, studies have suggested a broad 
degree of eligibility. Prior studies using national data 
showed that a significant proportion of US adults had 
residual hypertriglyceridemia from 2007 to 2014 de-
spite statin therapy, suggesting that nearly 5  million 
adults were potentially eligibility for IPE.32,33 In addi-
tion, a large study from the Veterans Affairs reported 
an eligibility of 14.5% among adults with ASCVD and 
17% among adults with diabetes.34 A study using the 
international CLARIFY (Prospective Observational 
Longitudinal Registry of Patients with Stable Coronary 
Artery Disease)  registry suggested a similar eligibility 
of 15% in individuals with coronary artery disease, 
and another study conducted using the CANHEART 
(Cardiovascular Health in Ambulatory Care Research 
Team) cohort suggested that 25% of individuals with 
ASCVD could be eligible for novel therapy. Of note, 
these studies were based on the original REDUCE- IT 
(Reduction of Cardiovascular Events with Icosapent 
Ethyl- Intervention) inclusion and exclusion criteria and 
excluded those with LDL- C outside the range of 41 
to 100 mg/dL.7 Another study evaluating IPE eligibility 

Figure 2. Use of statins among adults with indications for therapy by demographic subgroups.
Bars represent weighted proportions (percentages) of individuals with indications for statins within each 
demographic subgroup. M represents population in millions.



J Am Heart Assoc. 2022;11:e026075. DOI: 10.1161/JAHA.122.026075 8

Shen et al Eligibility of Novel Lipid- Lowering Therapies

in patients with a history of coronary artery bypass 
graft reported 22% eligibility based on the original 
REDUCE- IT criteria as well as higher eligibility rates of 
26% and 34% in subcohorts based on criteria outlined 
by the US Food and Drug Administration and Health 
Canada, which did not exclude individuals on the basis 
of LDL- C or age.37 Our eligibility criteria were based 
on the 2019 National Lipid Association statement sup-
porting the use of IPE, which did not restrict eligibility 
based on LDL- C3; this may explain why our predicted 
eligibility was higher than what has been previously 
reported.

Despite their broad eligibility and known benefits in 
mitigating cardiovascular risk as demonstrated by large 
randomized controlled trials, uptake of novel agents 
into clinical practice remains limited. An analysis using 
PCORnet (National Patient- Centered Clinical Research 
Network) from 2015 to 2017 reported PCSK9i pre-
scriptions in <1% of individuals with dyslipidemia and 
coronary artery disease, with virtually no increase in 
PCSK9i prescription over time for those with dyslipid-
emia and modest increases for those with ASCVD.10 
Similarly, an analysis derived from claims- based data 
demonstrated <1% of PCSK9i prescriptions in those 
with ASCVD.38 We could not identify any studies that 
evaluated current patterns of IPE use in the United 

States, which possibly indicates a lack of awareness 
and delayed uptake of IPE into modern clinical prac-
tice. Altogether, these findings suggest that suboptimal 
treatment with standard lipid- lowering therapies con-
tribute, in large part, to the limited eligibility for these 
novel agents, and more aggressive efforts should be 
made by providers to escalate lipid- lowering therapies 
to expand eligibility for novel agents.

There are multiple potential reasons for our observed 
findings. Our results suggest that statin underuse may 
be partly driven by racial and ethnic disparities. Despite 
the higher burden of ASCVD and cardiovascular risk 
factors in Black individuals,39 which is also reflected by 
a higher degree of statin eligibility in comparison with 
other races, we observed that Black and Hispanic indi-
viduals in our cohort had 1 of the highest percentages 
of statin underuse among those eligible for therapy. 
Multiple studies have highlighted the racial disparities 
in prescribing patterns of lipid- lowering therapy, with 
Black individuals and certain ethnic minorities being 
less likely than White individuals to receive guideline- 
appropriate statin therapy.40,41 Statin underuse in these 
individuals may also be driven in part by misinforma-
tion and lack of trust; Black individuals were less likely 
to believe that statins are effective or safe and were 
less likely to trust their providers compared with their 

Figure 3. Simulated eligibilities for PCSK9i and IPE in overall study population and across 
subgroups of guideline indications.
Simulated eligibilities for (A) PCSK9i and (B) IPE. Model 1: assumes existing lipid- lowering therapy as 
the maximum tolerated. Model 2: assumes initiation and maximal escalation of preexisting lipid- lowering 
therapies and accounting for expected lipid profile changes. Bars represent weighted proportions 
(percentages) with 95% CIs of eligible individuals for each drug class. ASCVD indicates atherosclerotic 
cardiovascular disease; IPE, icosapent ethyl; and PCSK9i, proprotein convertase subtilisin kexin type 9 
inhibitor. M represents population in millions.
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White counterparts.40 In addition, fear of adverse ef-
fects was the most commonly cited reason for de-
clining or discontinuing statins according to a study 
using the PALM (Patient and Provider Assessment of 
Lipid Management) registry.42 The same study found 
that more than half of patients who were eligible but 
not prescribed statins reported never being offered 
the agent.42 Greater proactivity and targeted efforts 
among providers are needed, especially toward these 
vulnerable populations, to increase the use of standard 
lipid- lowering therapies and thus optimize eligibility for 
novel agents.

Cost of therapy may also represent a major barrier 
for patients interested in novel agents and may also 
partly explain the low use rates. At the introductory 
list price of ≈$14 000 annually, PCSK9i were deemed 
cost- ineffective at the commonly accepted threshold of 
$100 000 per quality- adjusted life- year.43,44 These simu-
lations estimated that prices would need to drop >60% 
to reach the cost- effectiveness threshold. Fortunately, 
with the 2018 price reduction of PCSK9i from ≈$14 000 
to $5850 annually, we may begin to observe an accel-
erated uptake of PCSK9i into modern clinical practice. 
In fact, there was a modest increase in patients initi-
ated on PCSK9i in the year after this price reduction.38 
Moreover, an updated cost- effectiveness analysis of 
alirocumab from ODYSSEY OUTCOMES (Evaluation 
of Cardiovascular Outcomes After an Acute Coronary 
Syndrome During Treatment with Alirocumab)  demon-
strated that the agent met the quality- adjusted life- year 
threshold with especially good value among patients 

with baseline LDL- C ≥100 mg/dL.45 Similarly, an anal-
ysis of evolocumab, also at the reduced price point, 
showed that the agent met the quality- adjusted life- year 
threshold for a range of simulated cardiovascular event 
rates.46 On the other hand, cost- effectiveness analy-
ses focusing on IPE have consistently demonstrated 
cost- effectiveness well below various quality- adjusted 
life- year thresholds.47– 49 As such, IPE is considered to 
be an inexpensive yet high- value therapy for reducing 
cardiovascular risk in certain high- risk populations. 
Nevertheless, our study suggests that there is still 
room for further optimization with affordable standards 
of lipid- lowering therapy before consideration of these 
novel agents.

There are limitations in this study that warrant con-
sideration. First, although the NHANES collects data 
from in- person interviews and questionnaires admin-
istered by trained professionals, many components 
remain self- reported, which can potentially lead to in-
accuracies in the reporting of nuanced medical infor-
mation. As such, we attempted to supplement the data 
obtained from questionnaires wherever possible using 
objective measurements such as vital signs and labo-
ratory results. Second, the NHANES does not include 
information on coronary or arterial revascularizations, 
peripheral artery disease, or transient ischemic at-
tacks and thus could have resulted in underestimation 
of eligible populations for the novel agents. Third, the 
cross- sectional nature of the NHANES data does not 
capture changes in clinical and lipid profiles over time 
and thus may impact our determination of eligibility. 

Figure 4. Distributions of original and simulated mean LDL- C and triglyceride levels after maximal escalation of lipid- 
lowering therapy in the overall study population.
A, Original and mean postescalation LDL- C assuming initiation and maximal escalation of statin and ezetimibe. B, Original and 
mean postescalation triglycerides assuming initiation and maximal escalation of statins. Postescalation LDL- C and triglycerides are 
presented as mean values as a result of the bootstrapping method. LDL- C indicates low- density lipoprotein cholesterol.
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Fourth, nationally representative population counts are 
strictly estimates based on sample- level data and re-
spective weighting factors. Fifth, PCSK9i use in par-
ticular may be underestimated as it is a monthly or 
semi- monthly injection and may not be reported as a 
typical prescription medication. Sixth, IPE received ex-
panded US Food and Drug Administration approval for 
these indications (clinical ASCVD or diabetes with an 
additional cardiovascular risk factor) partway through 
our NHANES study period in 2019.48 However, IPE had 
already received US Food and Drug Administration ap-
proval for adults with hypertriglyceridemia with years of 
data supporting its safety and efficacy, and hypertri-
glyceridemia is known to be independently associated 
with increased ASCVD risk, cardiovascular mortality, 
and all- cause mortality.48 Lastly, our NHANES data 
set represents clinical practice from 2017 to 2020, and 
thus our results may underestimate current use pat-
terns if there has been an increased uptake of novel 
agents in clinical practice.

CONCLUSIONS
In this nationally representative US study, 6 and 10 mil-
lion individuals have clinical profiles that would merit 
PCSK9i and IPE, respectively, for improving cardio-
vascular outcomes but many remain undertreated 
with lipid- lowering therapies. A focus on optimal lipid- 
targeted therapies that includes these novel agents is 
necessary to improve public health.
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Table S1. Demographics characteristics and medical comorbidities of overall 

study population. Weighted percentages represent the proportions of individuals within 

each demographic or comorbidity subgroup in our study population. Abbreviations: 

PCSK9i, proprotein convertase subtilisin kexin type 9 inhibitor; IPE, icosapent ethyl; 

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease. *M 

represents population in millions. 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 N Weighted % [95% CI] Weighted Population 

Overall 2729 100.0 149.3M* 

Age (years)  

     ≥65 990 32.9 [29.6 – 36.2] 49.1M 

     40-64 1739 67.1 [63.8 – 70.4] 100.2M 

Sex  

     Female 1384 52.5 [49.8 – 55.1] 78.3M 

     Male 1345 47.5 [44.9 – 50.2] 71.0M 

Race  

     Non-Hispanic White 968 66.2 [62.1 – 70.4] 98.9M 

     Non-Hispanic Black 698 10.7 [7.9 – 13.6] 16.0M 

     Non-Hispanic Asian 339 5.7 [3.8 – 7.6] 8.4M 

     Mexican American 308 6.7 [5.0 – 8.5] 10.1M 

     Other Hispanic 297 6.8 [5.4 – 8.2] 10.2M 

     Other Race 119 3.9 [2.6 – 5.2] 5.8M 

Health Insurance  

     Yes 2404 90.2 [87.5 – 92.8] 134.6M 

     No 325 9.8 [7.1 – 12.5] 14.7M 

Comorbidities  

     ASCVD 435 14.0 [11.3 – 16.6] 20.8M 

     Hypertension 1349 43.3 [39.6 – 47.1] 64.7M 

     Dyslipidemia 1304 48.1 [45.6 – 50.7] 71.8M 

     Diabetes 601 16.7 [14.5 – 18.8] 24.9M 

     CKD 396 13.6 [11.7 – 15.5] 20.2M 

     Heart Failure 140 3.5 [2.4 – 4.6] 5.2M 

     Smoking 490 15.3 [12.8 – 17.9] 22.9M 



Table S2. Overall use of baseline lipid-lowering therapies and novel agents. 

Weighted percentages represent the proportions of individuals with use of the 

corresponding drug classes and combinations of drug classes irrespective of guideline 

indications. Abbreviations: PCSK9i, proprotein convertase subtilisin kexin type 9 

inhibitor; IPE, icosapent ethyl. *M represents population in millions. 

 

 

 

 

 

 N 
Weighted % [95% 

CI] 
Weighted 

Population 

Baseline lipid-lowering therapy 

Any statin 874 30.7 [26.9 – 34.5] 45.8M* 

Low-moderate intensity statin 340 12.5 [10.3 – 14.5] 18.6M 

Moderate-high intensity statin 534 18.2 [15.5 – 20.9] 27.2M 

Ezetimibe 28 1.7 [0.61 – 2.8] 2.5M 

Low-moderate intensity statin + ezetimibe 10 0.62 [0.00 – 1.4] 931,954 

Moderate-high intensity statin + ezetimibe 7 0.26 [0.00 – 0.53] 381,074 

Novel agents 

PCSK9i 5 0.17 [0.01 – 0.33] 253,528 

IPE 2 0.16 [0.00 – 0.43] 233,064 



Table S3. Current eligibility for PCSK9i and IPE in study population across demographic and comorbidity profiles. Weighted 

percentages represent the proportion of individuals within each demographic or comorbidity subgroup who are eligible for the 

corresponding drug classes. Abbreviations: PCSK9i, proprotein convertase subtilisin kexin type 9 inhibitor; IPE, icosapent ethyl; 

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease. *M represents population in millions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Overall 
N 

PCSK9i IPE 

Eligible 
N 

Weighted  
% [95% CI] 

Weighted 
Population 

Eligible 
N 

Weighted  
% [95% CI] 

Weighted 
Population 

Overall 2729 1 0.018 [0.00 – 0.054] 27,117 91 3.1 [2.0 – 4.2] 4.6M* 

Age (years) 

     ≥65 990 1 0.055 [0.00 – 0.16] 27,117 46 5.1 [3.1 – 7.0] 2.5M 

     40-64 1739 0 0.00 0 45 2.2 [1.2 – 3.1] 2.2M 

Sex 

     Female 1384 1 0.035 [0.00 – 0.10] 27,117 36 2.0 [1.1 – 2.9] 1.6M 

     Male 1345 0 0.00 0 55 4.3 [2.1 – 6.6] 3.1M 

Race 

     Non-Hispanic White 968 1 0.027 [0.00 – 0.081] 27,117 49 3.5 [1.9 – 5.0] 3.4M 

     Non-Hispanic Black 698 0 0.00 0 12 2.0 [1.1 – 2.9] 321,879 

     Non-Hispanic Asian 339 0 0.00 0 4 1.2 [0.0 – 2.4] 97,996 

     Mexican American 308 0 0.00 0 10 2.7 [0.9 – 4.6] 274,543 

     Other Hispanic 297 0 0.00 0 9 2.1 [0.0 – 4.6] 217,504 

     Other Race 119 0 0.00 0 7 5.4 [1.7 – 9.1] 310,197 

Health Insurance 

     Yes 2404 1 0.020 [0.00 – 0.060] 27,117 86 3.4 [2.2 – 4.6] 4.5M 

     No 325 0 0.00 0 5 0.71 [0.00 – 1.5] 103,339 

Comorbidities 

     ASCVD 435 1 0.13 [0.00 – 0.38] 27,117 52 13.9 [6.9 – 20.9] 2.9M 

     Hypertension 1349 0 0.00 0 77 5.6 [3.5 – 7.7] 3.6M 

     Dyslipidemia 1304 1 0.038 [0.00 – 0.11] 27,117 79 5.6 [3.6 – 7.5] 4.0M 

     Diabetes 601 1 0.11 [0.00 – 0.32] 27,117 70 14.8 [9.4 – 20.1] 3.7M 

     CKD 396 0 0.00 0 32 7.0 [3.5 – 10.6] 1.4M 

     Heart Failure 140 0 0.00 27,117 20 17.8 [5.3 – 30.3] 920,056 

     Smoking 490 1 0.12 [0.00 – 0.35] 27,117 15 3.0 [1.4 – 4.5] 677,483 



Table S4. Simulated eligibilities for PCSK9i and IPE. Weighted percentages represent the proportions of individuals 

who are eligible for PCSK9i and IPE in the respective populations. Abbreviations: PCSK9i, proprotein convertase subtilisin 

kexin type 9 inhibitor; IPE, icosapent ethyl. *M represents population in millions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Model 1: statin use contraindicated in those 
not on statins 

Model 2: initiation and maximal escalation 
of lipid-lowering therapies 

Weighted % [95% 
CI] 

Weighted Population Weighted % [95% CI] Weighted Population 

PCSK9i 6.5 [4.9 – 8.1] 9.7M* 4.1 [2.8 – 5.4] 6.1M 

IPE 7.8 [6.2 – 9.3] 11.6M 6.8 [5.4 – 8.3] 10.2M 



Figure S1. Simulated eligibilities for PCSK9i and IPE in overall study population 

and across demographic subgroups. Simulated eligibilities for (A) PCSK9i and (B) 

IPE. Model 1: assumes existing lipid-lowering therapy as the maximum tolerated. Model 

2: assumes initiation and maximal escalation of pre-existing lipid-lowering therapies and 

accounting for expected lipid profile changes. Bars represent weighted proportions (%) 

with 95% confidence interval of eligible individuals for each drug class. Abbreviations: 

PCSK9i, proprotein convertase subtilisin kexin type 9 inhibitor; IPE, icosapent ethyl.

 

 



Figure S2. Distributions of original and simulated mean LDL-C and triglyceride levels after maximal escalation of 

lipid-lowering therapy by key subpopulations. Original and mean post-escalation LDL-C assuming initiation and 

maximal escalation of statin and ezetimibe in (A) ASCVD population. Original and mean post-escalation triglycerides 

assuming initiation and maximal escalation of statins in (B) ASCVD and (C) diabetic populations. Post-escalation LDL-C 

and triglycerides are presented as mean values due to bootstrapping method. Abbreviations: LDL-C, low density 

lipoprotein cholesterol; ASCVD, atherosclerotic cardiovascular disease. 
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