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Background-—PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitors effectively lower LDL (low-density lipoprotein)
cholesterol and have been shown to reduce cardiovascular outcomes in high-risk patients. We used real-world electronic health
record data to characterize use of PCSK9 inhibitors, in addition to standard therapies, according to cardiovascular risk status.

Methods and Results-—Data were obtained from 18 health systems with data marts within the National Patient-Centered Clinical
Research Network (PCORnet) using a common data model. Participating sites identified >17.5 million adults, of whom 3.6 million
met study criteria. Patients were categorized into 3 groups: (1) dyslipidemia, (2) untreated LDL ≥130 mg/dL, and (3) coronary
artery disease or coronary heart disease. Demographics, comorbidities, estimated 10-year atherosclerotic cardiovascular disease
risk, and lipid-lowering pharmacotherapies were summarized for each group. Participants’ average age was 62 years, 50% were
female, and 11% were black. LDL cholesterol ranged from 85 to 151 mg/dL. Among patients in groups 1 and 3, 54% received
standard lipid-lowering therapies and a PCSK9 inhibitor was prescribed in <1%. PCSK9 inhibitor prescribing was greatest for
patients with coronary artery disease or coronary heart disease and, although prescribing increased during the study period, overall
PCSK9 inhibitor prescribing was low.

Conclusions-—We successfully used electronic health record data from 18 PCORnet data marts to identify >3.6 million patients
meeting criteria for 3 patient groups. Approximately half of patients had been prescribed lipid-lowering medication, but <1% were
prescribed PCSK9 inhibitors. PCSK9 inhibitor prescribing increased over time for patients with coronary artery disease or coronary
heart disease but not for those with dyslipidemia. ( J Am Heart Assoc. 2019;8:e011246. DOI: 10.1161/JAHA.118.011246)
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C ardiovascular disease (CVD) is the leading cause of
death in the United States, accounting for �1 in every 3

deaths.1 An established risk factor for the development of
CVD is elevated LDL (low-density lipoprotein) cholesterol
(LDL-C), which is a common chronic condition in adults.1 Use
of lipid-lowering therapies, including statins and nonstatin
therapies such as ezetimibe and PCSK9 (proprotein conver-
tase subtilisin/kexin type 9) inhibitors, reduces LDL-C and

lowers the risk of CVD outcomes.2–4 For every 1-mmol/L
reduction in LDL-C from statins, there is a corresponding
relative risk reduction in cardiovascular events of 12% and
22% after 1 and 4 years of treatment, respectively.5 Further-
more, aggressive lowering of LDL-C beyond treatment guide-
line thresholds has been shown to provide even greater
benefit in reduction of CVD outcomes.2,6,7 Despite these
known benefits, a substantial proportion of patients at high
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risk for cardiovascular events, including patients with estab-
lished CVD, receive suboptimal or no lipid-lowering therapy.8–12

The 2013 American College of Cardiology/American Heart
Association cholesterol guidelines recommend high-intensity
statins as first-line therapy for patients with established CVD
or high-risk equivalents.13 Nonstatin lipid-lowering therapies,
including PCSK9 inhibitors, bile acid binding resins, and
ezetimibe, may benefit patients who are intolerant to statins,
who do not achieve optimal LDL-C lowering following
maximum tolerated statin therapy, or who have experienced
≥1 CVD event despite being treated with a statin. PCSK9
inhibitors are approved for use in participants with familial
hypercholesterolemia or atherosclerotic CVD (ASCVD) who
have not had adequate reduction in LDL-C on a maximally
tolerated dose of statin. The US Food and Drug Administration
(FDA) has approved 2 PCSK9 inhibitors (alirocumab and
evolocumab), both of which reduce LDL-C levels 50% to 60%
beyond that achieved from statin therapy alone,4,7,14–18 with
sustained long-term LDL-C reduction over years of follow-up
without increased adverse effects from cumulative expo-
sure.16 Randomized controlled trials of both PCSK9 inhibitors
in combination with statins have demonstrated a reduced risk
for cardiovascular events among patients with ASCVD or
following acute coronary syndrome.7 In addition, some
evidence for reduction of all-cause death was observed for
alirocumab,19 although no difference in all-cause death was
observed for evolocumab versus placebo.7 Furthermore,
evidence from the FOURIER (Further Cardiovascular Out-
comes Research with PCSK9 Inhibition in Subjects with
Elevated Risk) trial indicates that evolocumab was equally
effective in reducing cardiovascular events in ASCVD patients
with baseline LDL-C of <70 versus ≥70 mg/dL and among

patients who were on maximal- versus submaximal-potency
statins.20

The objective of this National Patient-Centered Clinical
Research Network (PCORnet) project was to use real-world
electronic health record data to characterize the early use of
PCSK9 inhibitors, in additional to standard lipid-lowering
therapies, according to cardiovascular risk status. We provide
descriptions of the characteristics of the patient groups, the
patients’ comorbid conditions, and the PCSK9 inhibitor
prescribing trends over time.

Methods
Because of specifications in the data-use agreements that
prohibit release of data mart–level data, it is not possible to
release data generated from the data marts participating in
this study.

Data Sources
Eighteen data marts from 7 clinical data research networks
(CDRNs), including ADVANCE (Accelerating Data Value Across
a National Community Health Center Network), LHSNet
(Patient-Centered Network of Learning Health Systems),
Mid-South, OneFlorida, PaTH, PORTAL (Patient Outcomes
Research To Advance Learning), and REACHnet (Research
Action for Health Network), participated in the study
(Table S1). Data marts in PCORnet all followed the PCORnet
Common Data Model (CDM) v3.1, which contains 15 data
domains in relational schemas, including patient demograph-
ics, enrollment status, death status, cause of death, vital signs
(eg, height, weight, and blood pressure), conditions (ie,
diagnosed and self-reported health conditions and diseases),
encounters, diagnoses (ie, results of diagnostic process and
medical coding within healthcare delivery), procedures, pre-
scribing (ie, provider orders for medications), dispensing (ie,
outpatient pharmacy dispensing; eg, filled prescriptions), and
laboratory results. Data between January 1, 2015, and March
31, 2017, were included in the study. Each data mart received
local institutional review board approval for exempt human
subjects research before submitting data for inclusion in the
study. No patients signed informed consent forms because
approvals were granted for exempt status, as only aggregated
deidentified data were provided by each data mart.

Study Cohort
We used the International Classification of Diseases, Ninth/
Tenth Revisions, Clinical Modification (ICD-9/10-CM) or labora-
tory results coded with Logical Observation Identifiers Names
and Codes (LOINC) to categorize patients into one of the

Clinical Perspective

What Is New?

• We provide real-world electronic health record data describ-
ing early use of the PCSK9 (proprotein convertase subtil-
isin/kexin type 9) inhibitor class of medication.

• Despite highly effective lipid-lowering therapy, we document
low usage.

What Are the Clinical Implications?

• A substantial portion of patients with elevated atheroscle-
rotic cardiovascular disease risk and elevated LDL (low-
density lipoprotein) cholesterol could benefit from additional
lipid-lowering therapy.

• PCSK9 inhibitors, which effectively lower LDL cholesterol,
had limited usage during this early surveillance period.

• Additional surveillance and identification of ongoing barriers
is important.
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following groups: (1) patients with dyslipidemia, (2) patients
with LDL-C ≥130 mg/dL who were not on any lipid-lowering
treatment, and (3) patients with coronary heart disease (CHD)
or coronary artery disease (CAD) (Table S2). We considered only
patients who were aged ≥18 years at the time of diagnosis. If a
patient met the criteria for multiple groups, the patient was
assigned to the highest risk group for which he or she satisfied
criteria (CHD/CAD > LDL-C ≥130 mg/dL who were not on any
lipid-lowering treatment > dyslipidemia). To validate the com-
putable phenotypes created to place patients into 1 of the 3
groups, we performed a manual medical record review of 150
patients meeting criteria for the study, including 50 patients in
each of the 3 patient groups. The queries used to formulate the
cohorts can be accessed via GitHub (https://github.com/One
FLanalyst/PCSK9i).

Basic Demographics and Comorbid Conditions
Demographic information was obtained from the CDM’s
demographic and vital tables. Comorbid conditions were
defined by ICD-9/10-CM codes (Table S3), and patients’
diagnoses were obtained from the diagnosis table in the CDM.
The most recent valid height and weight measurements
available between January 1, 2015, and March 31, 2017, were
included in basic demographics and obtained from the vital
signs table.

Risk Factors
CVD risk factors included estimated 10-year ASCVD risk,
smoking status, body mass index (BMI), systolic blood pressure
(SBP), diastolic blood pressure (BP), LDL-C, HDL (high-density
lipoprotein) cholesterol (HDL-C), and triglycerides. Queries
excluded invalid values based on prespecified range parameters.

The ASCVD risk score was calculated21,22 for those in
groups 1 and 2 when the required data were available: sex,
age (20–79 years), race/ethnicity (black, white, and Hispanic),
antihypertension medication status, diabetes mellitus, smok-
ing status, total cholesterol, HDL-C, and SBP.

Patients’ smoking status, BMI, and BP were obtained from
the CDM vital table. If a patient had multiple vital records
available, the most recent record was used for assessment. To
identify current smokers, smoking, tobacco, and tobacco type
were obtained from the vital table. The PCORnet CDM contains
an original BMI field as well as height and weight fields. To
determine the BMI, we used the most recent original BMI value
available for the patient. If an original BMI value was not
available, the same-day height and weight were used to
calculate the BMI. For height and weight, we used the most
recent plausible values (ie, height ranging from 48 to 96 in and
weight ranging from 50 to 1000 lb) available during the study
period. BP measurements from ambulatory encounters were

used to assess SBP and diastolic BP. SBP values between 70
and 250 mm Hg and diastolic BP values between 50 and
150 mm Hg were considered for analysis. LDL-C, HDL-C, and
triglycerides were extracted based on either the LOINC codes
or laboratory names from the lab result table in the CDM.

Medications
Medications were selected by RxNorm concept unique
identifier or national drug code, depending on data available
for each data mart. For this analysis, if the patient had a drug
of interest (lipid-lowering or other cardiovascular medication)
prescribed or dispensed, the individual was counted as having
had a record for that medication. The patient was counted
once per drug for lipid-lowering or class of cardiovascular
medication.

To provide clarity for trends in PCSK9 inhibitor prescribing
over time since FDA approval, we report the number of
prescriptions for PCSK9 inhibitors and the rate of PCSK9
inhibitor prescription over time, along with 95% CIs. To do so,
records were selected by prescription order date starting with
July 1, 2015. Individuals were included in each 6-month time
period in which a record was available for the patient. The
most recent record in each 6-month period was selected per
individual by drug. Of note, the final time period was
3 months (January–March 2017) because of data cutoff.

Statistical Analysis
Continuous variables were summarized as means and standard
deviations, and categorical variables were summarized as
frequencies and percentages. The summary-level data from
each CDRN were aggregated within the 3 patient groups. For
continuous variables, the overall averages were calculated
based on the mean and sample size from each CDRN, and the
overall standard deviations were calculated by taking the
square root of (sum of variances9sample sizes/sum of sample
sizes). For the categorical variables, the percentages were
calculated as the sum of frequencies for all CDRNs divided by
the group total. Lipid-lowering medication use was low in some
data marts and, therefore, reported as a threshold (eg, count of
<11); exact counts were not available in some cases. Conse-
quently, we imputed these thresholds to a count of 5 to
estimate the sum of patients on a medication. This approach
was applied to lipid-lowering prescriptions only. All querieswere
developed and analyses performed in SAS v9.4 (SAS Institute).

Results
Among the 18 data marts that participated in this project,
17 520 612 individuals were included. Of those, 3 619 922
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met criteria for categorization into 1 of the 3 risk groups of
interest (Figure 1): (1) patients with dyslipidemia
(n=2 224 395, 61%), (2) patients with LDL-C ≥130 mg/dL
and who were not on any lipid-lowering treatment
(n=452 625, 13%), and (3) patients with CHD or CAD
(n=942 902, 26%). Results of the validation confirmed the
computable phenotypes with positive predictive values from
the medical record reviews of 86% for dyslipidemia, 98% for
LDL-C ≥130 mg/dL and not on lipid-lowering treatment, and
84% for CHD or CAD.

Population Characteristics
Table 1 summarizes the demographics, comorbid risk condi-
tions, cardiovascular risk factors, and estimated 10-year
ASCVD risk score according to patient group. The mean age
of the population was 61.9 years (SD: 12.7), half of the
patients were male, and the majority was of non-Hispanic
white ethnicity/race. Hypertension was the most common
chronic cardiovascular condition, present in almost two thirds
of the overall population and 78% of those with CAD or CHD.
Diabetes mellitus was the next most prevalent comorbid risk
condition, present in 29% overall. Not unexpectedly, patients
with CAD or CHD had a higher prevalence of all comorbid
conditions compared with the other patient groups. The
average estimated 10-year ASCVD risk score was 11.5%
among those in group 1 and 6.1% among those in group 2. All

individuals in group 2 had LDL-C ≥130 mg/dL with no record
of lipid-lowering prescriptions in the data marts, including 26%
with anestimated10-year ASCVD risk of≥7.5%, and likelywould
benefit from a moderate- to high-intensity statin. Average SBP
and diastolic BP were 125�19 and 77�13 mm Hg, respec-
tively, reflecting a population with fairly good BP control.

Average LDL-C in group 2 was 151�19 mg/dL, whereas
those in groups 1 and 3 had LDL-C of 102�35 and
85�35 mg/dL, respectively, on average. With regard to
cardioprotective and BP-lowering medications, as expected,
patients in group 3 had the most prevalent use overall.

Lipid-Lowering Medications
Lipid-lowering medications (prescriptions or dispensings) were
present for 1 688 960 (47%) of the overall population. Use of
any lipid-lowering medication occurred in 1 134 598 (51.0%)
patients in group 1 and 554 362 (58.8%) patients in group 3
(Table 2). By definition, no lipid-lowering medications were
used among patients in group 2. Use of any PCSK9 inhibitor
was most prevalent among patients in group 3 (n=1952,
0.21%). Use of a PCSK9 inhibitor among those in group 1
(n=362, 0.02%) was less common. Because some lipid-
lowering medication use was low and reported by some data
marts as below threshold (n<11), and thus exact counts were
not available, we imputed those below-threshold medications
to a count of 5. The imputed data are available in Table 3.

Figure 1. Flowchart of the number of patients meeting criteria for the 3 patient groups. CAD indicates
coronary artery disease; CHD, coronary heart disease; LDL-C, low-density lipoprotein cholesterol.
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Table 1. Patient Demographics, Comorbidities, Cardiovascular Risk Factors, and Non–Lipid-Lowering Cardiovascular Medications
by Patient Group

Patient Characteristic Group 1 (n=2 224 395) Group 2 (n=452 625) Group 3 (n=942 902) Total (N=3 619 922)

Demographics

Age (y), mean�SD 60.5�13.9 52.1�13.8 70.0�12.2 61.9�12.7

Male sex 1 036 585 (46.6) 179 850 (39.7) 598 933 (63.5) 1 815 368 (50.1)

BMI (kg/m2), mean�SD (n) 30.8�7.1 (1 773 841) 30.1�6.7 (438 692) 29.7�6.8 (799 350) 30.4�7.0 (3 011 883)

Race

American Indian/Alaska Native 20 858 (0.9) 1910 (0.4) 6698 (0.7) 29 466 (0.8)

Asian 61 636 (2.8) 19 161 (4.2) 13 781 (1.5) 94 578 (2.6)

Native Hawaiian or other 4424 (0.2) 1301 (0.3) 1147 (0.1) 6872 (0.2)

Pacific Islander

Black 242 386 (10.9) 65 267 (14.4) 84 871 (9.0) 392 524 (10.8)

White 1 619 884 (72.8) 322 992 (71.4) 758 536 (80.4) 2 701 412 (74.6)

Other/unknown 275 194 (12.4) 41 979 (9.3) 77 853 (8.3) 395 026 (10.9)

Ethnicity

Hispanic or Latino 251 263 (11.3) 48 183 (10.6) 50 935 (5.4) 350 681 (9.7)

Not Hispanic or Latino 1 562 845 (70.3) 306 705 (67.8) 753 048 (79.9) 2 622 598 (72.4)

Other/unknown 409 987 (18.4) 97 729 (21.6) 138 912 (14.7) 646 628 (17.9)

Concomitant condition*

Obesity 332 432 (14.9) 49 916 (11.0) 146 395 (15.5) 528 743 (14.6)

Hypertension 1 389 140 (62.5) 142 960 (31.6) 730 491 (77.5) 2 262 591 (62.5)

Chronic kidney disease 209 853 (9.4) 13 363 (3.0) 214 052 (22.7) 437 268 (12.1)

PVD 73 700 (3.3) 4125 (0.9) 123 749 (13.1) 201 574 (5.6)

MI 28 180 (1.3) 1260 (0.3) 250 939 (26.6) 280 379 (7.7)

Ischemic stroke 39 708 (1.8) 1429 (0.3) 36 477 (3.9) 77 614 (2.1)

Hemorrhagic stroke 6894 (0.3) 482 (0.1) 5 775 (0.6) 13 151 (0.4)

TIA 32 700 (1.5) 1669 (0.4) 27 830 (3.0) 62 199 (1.7)

Diabetes mellitus 671 859 (30.2) 28 240 (6.2) 356 244 (37.8) 1 056 343 (29.2)

Cardiovascular risk factors

Current smoker 176 805 (8.7) 46 615 (10.3) 79 984 (9.0) 303 404 (8.4)

SBP (mm Hg), mean�SD (n) 125.5�18.4 (1 671 534) 122.5�15.4 (434 611) 125.0�20.5 (712 810) 124.9�18.5 (2 818 955)

DBP (mm Hg), mean�SD (n) 77.6�13.6 (1 660 714) 77.7�10.5 (432 969) 73.9�14.4 (701 935) 76.7�13.4 (2 795 618)

LDL-C (mg/dL), mean�SD (n) 101.7�35.2 (919 031) 150.7�19.1 (452 625) 84.8�35.0 (362 646) 110.7�31.7 (1 734 302)

HDL-C (mg/dL), mean�SD (n) 50.1�16.3 (861 299) 54.0�15.7 (364 623) 46.2�15.3 (315 549) 50.2�15.9 (1 541 471)

Triglycerides (mg/dL), mean�SD (n) 162.0�115.8 (725 416) 140.1�76.3 (333 438) 141.2�96.3 (268 058) 152.3�103.3 (1 326 912)

10-year ASCVD risk score

ASCVD risk estimate, % (n) 11.5 (336 257) 6.1 (211 111) NA 9.6 (547 368)

<5% 120 011 (35.7) 128 225 (60.7) NA 248 236 (45.4)

5–7.5% 41 927 (12.5) 27 356 (13.0) NA 69 283 (12.7)

7.5–10% 34 326 (10.2) 16 770 (7.9) NA 51 096 (9.3)

10–20% 81 445 (24.2) 27 614 (13.1) NA 109 059 (19.9)

≥20% 58 548 (17.4) 11 129 (5.3) NA 69 677 (12.7)

Continued
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Rates of PCSK9 inhibitor prescribing over time are shown
in Figure 2. Among patients in group 3 (CAD or CHD), PCSK9
inhibitor prescribing increased substantially over time,
whereas prescribing among those with dyslipidemia remained
low and stable over time.

Discussion

This large, multicenter project included 18 data marts from 7
Patient-Centered Outcomes Research Institute (PCORI)
CDRNs, capturing >17.5 million patients in the United States.

Table 1. Continued

Patient Characteristic Group 1 (n=2 224 395) Group 2 (n=452 625) Group 3 (n=942 902) Total (N=3 619 922)

Non–lipid-lowering cardiovascular medications

ACEI 573 027 (25.8) 60 463 (13.4) 298 114 (31.6) 931 604 (25.7)

ARB 267 835 (12.0) 26 281 (5.8) 142 935 (15.2) 437 051 (12.1)

CCB 392 416 (17.6) 41 402 (9.1) 255 718 (27.1) 689 536 (19.0)

b-Blocker 485 336 (21.8) 49 535 (10.9) 515 828 (54.7) 1 050 699 (29.0)

Thiazide diuretics 435 815 (19.6) 60 465 (13.4) 150 109 (15.9) 646 389 (17.9)

Aldosterone antagonists 40 437 (1.8) 5021 (1.1) 54 380 (5.8) 99 838 (2.8)

Group 1 had dyslipidemia, group 2 had LDL-C ≥130 mg/dL (untreated), and group 3 had coronary artery disease or coronary heart disease. Data are shown as n (%) except as noted. For
variables with missing data, including BMI, cardiovascular risk factors, and the ASCVD risk score, the number of patients with available data is provided in parentheses. ACEI indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCB, calcium channel blocker; DBP,
diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; NA, not available; PVD, peripheral vascular
disease; SBP, systolic blood pressure; TIA, transient ischemic stroke.
*The diagnostic codes used to define concomitant conditions are provided in Table S3.

Table 2. Frequencies of Prescribed or Dispensed Lipid-Lowering Medications by Patient Group

Group 1 (n=2 224 395) Group 3 (n=942 902) Total (N=3 167 297)

Any lipid-lowering prescription 1 134 598 (51.0) 554 362 (58.8) 1 688 960 (46.7)

Statins

Lovastatin 52 402 (2.4) 12 892 (1.4) 65 294 (1.8)

Simvastatin 356 943 (16.0) 122 236 (13.0) 479 179 (13.2)

Atorvastatin 565 766 (25.4) 346 529 (36.8) 9 122 295 (25.1)

Pravastatin 169 738 (7.6) 74 989 (8.0) 244 727 (6.7)

Rosuvastatin 74 553 (3.4) 69 442 (7.4) 143 995 (4.0)

Pitavastatin* 2138 (0.1) 1990 (0.2) 4128 (0.1)

Fluvastatin* 1034 (0.05) 594 (0.1) 1628 (0.04)

Nonstatin therapies, n (%)

Ezetimibe* 25 522 (1.1) 27 818 (3.0) 53 340 (1.5)

Fenofibric acid* 6611 (0.3) 4442 (0.5) 11 053 (0.3)

Colesevelam* 4390 (0.2) 2692 (0.3) 7082 (0.2)

Cholestyramine 9747 (0.4) 5268 (0.6) 15 015 (0.4)

Colestipol* 3203 (0.1) 1578 (0.2) 4781 (0.1)

PCSK9 inhibitors

Any PCSK9 inhibitor 362 (0.02) 1952 (0.21) 2314 (0.06)

Evolocumab* 222 (0.01) 1226 (0.13) 1448 (0.04)

Alirocumab* 140 (0.01) 726 (0.08) 866 (0.02)

Group 1 had dyslipidemia and group 3 had coronary artery disease or coronary heart disease. Data are shown as n (%). Patients may have been prescribed >1 lipid lowering medication
during the study (due to switching or adding of medications). All prescriptions per person were captured and are reflected in the table. PCSK9 indicates proprotein convertase subtilisin/
kexin type 9.
*Category contained below-threshold values (<11 patients) among ≥1 of the participating data marts. Thus, the count in the table is lower than the actual count.
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Of these 17.5 million patients, >3.5 million met the criteria
for 3 patient groups, including (1) patients with dyslipidemia,
(2) patients with LDL-C ≥130 mg/dL and who were not on
lipid-lowering therapy, and (3) patients with CAD or CHD.
Approximately half of the patients had been prescribed or
dispensed lipid-lowering medications, and the most common
medications were statins. With regard to PCSK9 inhibitor use
specifically, we identified low use overall, although use
increased over time for patients with CAD or CHD.

The data described in this article, obtained from elec-
tronic health record data marts across the United States, are
consistent with previously published studies regarding low
PCSK9 inhibitor use.23,24 Many factors may contribute to the
low rates of prescribing for PCSK9 inhibitors, including cost,
recent approval, initial lack of outcomes data, prior autho-
rization requirements, and lack of insurance approval. The
high out-of-pocket cost for copays affects access to PCSK9
inhibitors, despite Medicare and other third-party payer
coverage for PCSK9 inhibitors.25 Despite the evidence of the
effectiveness of PCSK9 inhibitors, their use is limited by the
high cost of treatment, which is estimated to be � $14 000
per year.26 As such, most cost-effectiveness studies have

concluded that at the current price, PCSK9 inhibitors are not
cost-effective at the commonly accepted threshold of
$100 000 per quality-adjusted life-year gained.26,27 Further-
more, physicians may have lower LDL-C thresholds for
prescribing PCSK9 inhibitors than the thresholds at which

Table 3. Frequencies of Prescribed or Dispensed Lipid-Lowering Medications by Patient Group, After Imputation of Below-
Threshold Counts

Group 1 (n=2 224 395) Group 3 (n=942 902) Total (N=3 167 297)

Any lipid-lowering prescription 1 134 598 (51.0) 554 362 (58.8) 1 688 960 (46.7)

Statins

Lovastatin 52 402 (2.4) 12 892 (1.4) 65 294 (2.1)

Simvastatin 356 944 (16.0) 122 236 (13.0) 479 180 (15.1)

Atorvastatin 565 765 (25.4) 346 532 (36.8) 912 297 (28.8)

Pravastatin 169 739 (7.6) 74 989 (8.0) 244 728 (7.7)

Rosuvastatin 74 555 (3.4) 69 442 (7.4) 143 997 (4.5)

Pitavastatin* 2143 (0.1) 2000 (0.2) 4143 (0.1)

Fluvastatin* 1039 (0.05) 619 (0.1) 1658 (0.05)

Nonstatin therapies

Ezetimibe* 25 522 (1.1) 27 818 (3.0) 53 340 (1.7)

Fenofibric acid* 6616 (0.3) 4462 (0.5) 11 078 (0.3)

Colesevelam* 4395 (0.2) 2707 (0.3) 7102 (0.2)

Cholestyramine 9747 (0.4) 5268 (0.6) 15 015 (0.5)

Colestipol* 3208 (0.1) 1583 (0.2) 4791 (0.2)

PCSK9 inhibitors

Any PSCK9 inhibitor 437 (0.02) 2002 (0.21) 2439 (0.08)

Evolocumab* 257 (0.01) 1251 (0.13) 1508 (0.05)

Alirocumab* 180 (0.01) 751 (0.08) 931 (0.03)

Group 1 had dyslipidemia and group 3 had coronary artery disease or coronary heart disease. Data are shown as n (%). Any below-threshold values (<11 patients for a category from a data
mart) were assigned a value of 5 to generate an imputed count of the medication.PCSK9 indicates proprotein convertase subtilisin/kexin type 9.
*Category contained below-threshold values (<11 patients) among ≥1 of the participating data marts. Thus, the count in the table is lower than the actual count.

Figure 2. Trends in PCSK9 inhibitor prescriptions, July 2015 to
March 2017. PCSK9 inhibitor prescription rates with 95% CIs
during 6-month intervals except the final reported time period
(January–March 2017), which represents only 3 months. CAD
indicates coronary artery disease; CHD, coronary heart disease;
PCSK9, proprotein convertase subtilisin/kexin type 9.
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payers will approve the prescription.28 Payer denials are also
commonly attributed to inadequate or missing documentation,
patients not currently being treated with maximally tolerated
statins, and other formulary restrictions.28 It is estimated that
nearly 2 in 3 prescriptions for PCSK9 inhibitors are rejected, and
during 6 months of follow-up of 3472patients prescribed PCSK9
inhibitors, patients who were rejected experienced higher rates
of cardiovascular events compared with those approved for a
PCSK9 inhibitor (7.3 versus 6.3 per 100 person-years).29

Consequently, a large number of cardiovascular events may be
preventable with improved access to PCSK9 inhibitors and
improved adherence to evidence-based treatment, including
PCSK9 inhibitors when indicated, among patients who are at
increased risk of subsequent cardiovascular events.

Limitations and Strengths
Some limitations of our study deserve mention. First, only
aggregate data were available from each data mart, and this
did not allow for specific clarity of some data elements; for
example, the linkage of laboratory data with prescription data
was not possible. Second, because of the aggregated nature
of the data, we were unable to fully understand data
missingness. Third, because some missingness of data was
required to calculate ASCVD risk, we were not able to further
stratify our analysis by 10-year estimated ASCVD risk
category within each patient group. Fourth, we did not
retrieve information on niacin use, which may have limited our
ability to fully characterize nonstatin lipid-lowering therapy
use in the patient groups. Fifth, we did not have information
on insurance status or insurance type to explore whether the
lipid-lowering prescribing patterns differed by insurance type.
Sixth, we did not determine the proportion of each patient
group that met eligibility criteria for PCSK9 inhibitors. Finally,
because the PCSK9 inhibitors are relatively new and not
widely prescribed, data marts frequently produced below-
threshold values, so we were unable to determine the actual
count of patients on PCSK9 inhibitors. Nevertheless, our
study has many strengths, including the large number of
patients captured (>17.5 million) among 18 data marts.
Including data from data marts that are geographically diverse
allows for inclusion of patients receiving care from multiple
distinct healthcare systems that span various care models,
practice settings, demographics, and practice patterns. In
addition, the large sample size as a result of pooling data from
multiple data marts offers a distinct opportunity to study rare
events and, as in our case, use of rarely prescribed
medications to generate real-world evidence that is more
generalizable than single-center study data would be. Indeed,
the results of our study may be more generalizable than
single-center studies because of the geographic diversity of
the 18 data marts, which include a variety of practice settings

across the United States and variability in the underlying
patient populations.

Conclusion
Among >3.6 million patients meeting the criteria for 3
patient groups in 18 PCORI data marts, approximately half
had been prescribed lipid-lowering medication, and the most
common medications were statins. Overall, <1% of patients
were prescribed PCSK9 inhibitors. Between July 2015 and
March 2017, no apparent differences were observed in the
number of patients prescribed PCSK9 inhibitors over time
for those with dyslipidemia; however, increased PCSK9
inhibitor use was observed over time for patients with CAD
or CHD.
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Table S1. List of Participating Clinical Data Research Networks and Datamarts. 

Participating 
CDRN 

Participating Partners within CDRN 

ADVANCE Central Datamart 

LHSNet Allina Health System 

Arizona State University 

Essentia Health 

Mayo Clinic 

Ohio State University 

Mid-South Vanderbilt University Medical Center 

OneFlorida Central Datamart 

PaTH  Geisinger Health 

John Hopkins University  

University of Pittsburgh Medical Center 

University of Utah 

PORTAL  HealthPartners 

Kaiser Permanente Colorado 

Kaiser Permanente Mid Atlantic 

REACHnet  Baylor Scott and White Health 

Ochsner Health System 

Tulane 

 

CDRN, Clinical Data Research Network 

 

 

 

 

 



Table S2. Definition of the Three Patient Groups, Ranked Lowest to Highest Risk. 

Rank Patient Group Codes 

1 Dyslipidemia ICD-9: 272* 
ICD10: E78* 

2 LDL-C ≥130 mg/dl and not on lipid-lowering 
treatment 

LOINC: 2089-1, 13457-7, 
18262-6, 49132-4, 55440-
2, 18261-8, 22748-8, 
39469-2, 69419-0 

3 Coronary heart disease or coronary artery 
disease  

ICD-9: 414.00, 414.01, 
414.9  
ICD-10: I25.1*,  I25.8*  

Patients who fall into more than 1 group were categorized into the highest ranking group 

(CHD/CAD > LDL-C ≥130 mg/dl who were not on any lipid-lowering treatment > 

dyslipidemia) 

ICD, International Classification of Diseases; LOINC, Logical Observation Identifiers 

Names and Codes; LDL-C, low-density lipoprotein cholesterol 

* = all modifiers included with code 

  



Table S3. Diagnostic Codes to Identify Comorbid Conditions. 

Condition ICD-9 ICD-10 

Obesity  V853*, V854* Z683*, Z684* 
Hypertension  401, 401.0, 401.1, 401.9 I10 
Chronic kidney disease  585* N18* 
Peripheral vascular disease  443* I73* 
Myocardial Infarction  410*, 412 I252, I21*, I22* 
Hemorrhagic stroke 
 

431 I61.0, I61.1, I61.2, I61.3, 
I61.4, I61.5, I61.6, I61.8, 
I61.9 

Ischemic stroke 434.00, 434.01, 434.10, 
434.11, 434.90, 434.91 

I63.00, I63.011, I63.012, 
I63.013, I63.019, I63.02, 
I63.031, 63.032, I63.033, 
I63.039, I63.09, I63.10, 
I63.111, I63.112, I63.113, 
63.119, I63.12, I63.131, 
I63.132, I63.133, I63.139, 
I63.19, I63.20, I63.211, 
I63.212, I63.213, I63.219, 
I63.22, I63.231, I63.232, 
I63.233, I63.239, I63.29, 
I63.30, I63.311, I63.312, 
I63.313, I63.319, I63.321, 
I63.322, I63.323, I63.329, 
I63.331, I63.332, I63.333, 
I63.339, I63.341, I63.342, 
I63.343, I63.349, I63.39, 
I63.40, I63.411, I63.412, 
I63.413, I63.419, I63.421, 
I63.422, I63.423, I63.429, 
I63.431, I63.432, I63.433, 
I63.439, I63.441, I63.442, 
I63.443, I63.449, I63.49, 
I63.50, I63.511, I63.512, 
I63.513, I63.519, I63.521, 
I63.522, I63.523, I63.529, 
I63.531, I63.532, I63.533, 
I63.539, I63.541, I63.542, 
I63.543, I63.549, I63.59 

Transient ischemic attack  435.0, 435.1, 435.2, 
435.3, 435.8, 435.9 

G45.0, G45.1, G45.2, 
G45.3, G45.4, G45.8, 
G45.9 

Diabetes 250.00, 250.02, 250.10, 
250.12, 250.20, 250.22, 
250.30, 250.32, 250.40, 

E11* 
 



250.42,  250.50, 250.52, 
250.60, 250.62, 250.70, 
250.72, 250.80, 250.82, 
250.90, 250.92 

ICD, International Classification of Diseases 

* = all modifiers included with code 

 


