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ORIGINAL RESEARCH

Use of Low-Density Lipoprotein–Lowering 
Therapies Before and After PCSK9 Inhibitor 
Initiation
Jennifer A. Rymer , MD, MBA; Katherine E. Mues, PhD; Keri L. Monda, PhD; Emily W. Bratton, PhD;  
Heidi S. Wirtz, PhD; Ted Okerson, MD; Robert A. Overman, PhD; M. Alan Brookhart, PhD; Paul Muntner, PhD; 
Tracy Y. Wang, MD, MHS, MSc

BACKGROUND: Proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i) are used to reduce low-density lipoprotein (LDL) 
cholesterol. PCSK9i use after initiation, as well as persistence with or alterations to other LDL-lowering therapy after PCSK9i 
initiation, is not well understood.

METHODS AND RESULTS: We conducted a retrospective study of alirocumab or evolocumab (PCSK9i) new users from July 
2015 to December 2017 in the MarketScan Early View database of US commercial insurance beneficiaries. We determined 
the prevalence of PCSK9i interruption (≥30-day gap in supply) and LDL-lowering therapy use in the year after PCSK9i 
initiation. The average age of 6151 patients initiating PCSK9i therapy was 63 years, 44.4% were women, and 76.8% had 
atherosclerotic cardiovascular disease. Overall, 52.2% (95% CI, 50.8%–53.7%) of patients had an interruption in PCSK9i 
therapy in the first year after treatment initiation and 62.5% remained on PCSK9i therapy at 1-year postinitiation. Also, 27.7% 
of patients were taking a statin at the time of PCSK9i initiation, with only 22.4% on statin therapy at 1 year after PCSK9i 
initiation. Ezetimibe use decreased from 20.9% at the time of PCSK9i initiation to 12.0% a year later. By 1 year after PCSK9i 
initiation, 44.0% of patients had experienced an interruption in all LDL-lowering therapies, and 26.6% were no longer on any 
LDL-lowering therapies.

CONCLUSIONS: After PCSK9i initiation, statins were often discontinued, whereas more than half of patients experienced an 
interruption in PCSK9i therapy. These results suggest that many new PCSK9i users may remain at high risk for cardiovascular 
events because of interruptions in LDL-lowering therapy.
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The US Food and Drug Administration approved 
proprotein convertase subtilisin/kexin type 9 inhib-
itor (PCSK9i) therapies in 2015 for additional low-

density lipoprotein (LDL) lowering among adults with 
heterozygous familial hypercholesterolemia or clinical 
atherosclerotic cardiovascular disease (ASCVD) who 
are on maximally tolerated statin therapy.1 Randomized 
controlled trials have demonstrated the efficacy of 2 
PCSK9i therapies, evolocumab and alirocumab, 
in lowering LDL cholesterol and reducing rates of 

cardiovascular events in patients with atherosclerotic 
disease.2–6 Given their Food and Drug Administration–
approved indications, patients initiating PCSK9i may 
have high LDL and a high risk for CVD events.

Treatment interruptions are common among users 
of statins and other long-term therapies7,8 and may be 
even more frequent among patients initiating a PCSK9i 
because of the potential burden of prior authorization 
paperwork to obtain refills9,10 and the high cost of treat-
ment.10–14 Indeed, poor persistence and adherence 
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to statin therapy has been previously documented in 
various patient populations.15–17 As PCSK9i are po-
tent LDL-lowering agents, patients initiating PCSK9i 
may discontinue or down titrate other LDL-lowering 
therapies. These patients may not be taking any LDL-
lowering therapy if they experience an interruption in 
PCSK9i. The goals of the current research were to 
(1) examine the prevalence of and factors associated 
with PCSK9i interruption after treatment initiation; (2) 
describe patterns of other LDL-lowering therapy use 
before and after initiating a PCSK9i; and (3) assess the 
risk of interruption of all LDL-lowering therapies among 
patients newly initiated on a PCSK9i.

METHODS
We conducted a retrospective cohort study using 
prescription and medical claims from the IBM 
Truven Health MarketScan Early View database. The 
MarketScan database contains data from various 
employer-sponsored healthcare insurance plans in the 
United States and Medicare supplemental plans. We 
restricted the analysis to patients initiating a PCSK9i, 
identified using National Drug Codes, from July 2015 
through December 2017. The date of the first fill of a 

PCSK9i for each patient was defined as the index date. 
To examine LDL-lowering therapy use before initiation 
of a PCSK9i, patients were required to have at least 
365 days of continuous enrollment in their healthcare 
insurance plan before their index date. To ascertain 
PCSK9i interruption after treatment initiation, patients 
were required to have at least 90 days of continuous 
enrollment following their index date. Patients were fol-
lowed up until they lost insurance coverage in the Early 
View database or December 31, 2017, whichever oc-
curred first. Institutional review board approval was not 
necessary. The authors cannot make data and study 
materials available to other investigators for purposes 
of reproducing the results because of licensing restric-
tions. Interested parties, however, could obtain and li-
cense the data by contacting Truven Health Analytics 
Inc and Optum.

Claims data were available from January 1, 2013, 
through December 31, 2017. Comorbidities, includ-
ing prior myocardial infarction, unstable angina, prior 
percutaneous coronary intervention or coronary artery 
bypass grafting, ischemic stroke, transient ischemic 
attack, cerebrovascular disease, peripheral artery 
disease, prior heart failure, diabetes mellitus, chronic 
kidney disease, and hypertension, were defined with 
International Classification of Diseases, Ninth Revision 
(ICD-9), and International Classification of Diseases, 
Tenth Revision (ICD-10), diagnosis codes and proce-
dure codes. At least 1 inpatient, 2 outpatient diagnosis 
codes at least 30 days apart, or at least 1 procedure 
code (when applicable) was required to meet each co-
morbidity definition.

Medications were identified using National Drug 
Codes, and their use at the time of PCSK9i initiation 
was defined as having a days’ supply within the 30-day 
period preceding the index date. Medication use be-
fore initiating a PCSK9i was defined as having at least 
1 fill within the 31 to 365 days before the index PCSK9i 
fill date. We defined LDL-lowering therapy interruption 
as a gap in supply (fill) of at least 30 days. The date of 
treatment interruption was set as the first day without 
medication available to take (Figure S1). We defined 
PCSK9i resumption as at least 1 fill of any PCSK9i 
medication following treatment interruption. Switching 
from one to the other PCSK9i (eg, alirocumab to evo-
locumab) was identified on the basis of the first claim 
for a different PCSK9i than the one filled on initiation, 
regardless of the duration between fills.

We defined the occurrence of statin intolerance via 
a claims-based algorithm meeting any one of following 
criteria within 2 years following their first statin fill and 
before their PCSK9i initiation date: statin interruption 
or down titration followed by ezetimibe initiation; evi-
dence of statin-induced muscle events or adverse ef-
fect of any antihyperlipidemic agent followed by statin 
interruption or statin down titration; or a fill for at least 

CLINICAL PERSPECTIVE

What Is New?
•	 Many patients will discontinue statin or other li-

pid-lowering therapy after initiating a proprotein 
convertase subtilisin/kexin type 9 inhibitor.

•	 More than half of patients will experience an 
interruption in proprotein convertase subtilisin/
kexin type 9 inhibitor therapy within 1  year of 
initiation.

What Are the Clinical Implications?
•	 Many new users of proprotein convertase sub-

tilisin/kexin type 9 inhibitor therapy may remain 
at high risk for atherosclerotic events because 
of statin discontinuation and/or interruptions in 
proprotein convertase subtilisin/kexin type 9 in-
hibitor therapy.

Nonstandard Abbreviations and Acronyms

ASCVD	 atherosclerotic cardiovascular disease
LDL	 low-density lipoprotein
PCSK9i	� proprotein convertase subtilisin/kexin type 9  

inhibitors
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≥3 different statin types within the 2-year evaluation 
period.18

Demographic and clinical characteristics of patients 
initiating PCSK9i were calculated as number and per-
centage for each categorical variable and mean and 
SD for continuous variables. In addition, the percent-
age of patients taking LDL-lowering therapies, including 
statins and ezetimibe, in the year before PCSK9i initia-
tion was calculated. We then examined the time to first 
interruption of a PCSK9i, the time to switching between 
the 2 PCSK9i (evolocumab and alirocumab), and the 
time to first reinitiation after interruption of a PCSK9i. 
The cumulative incidence was computed for each of 
these outcomes with loss to follow-up as a competing 
risk. In addition, Cox proportional hazards regression 
models were used to determine demographic and clin-
ical characteristics associated with these outcomes. 
For each outcome, the following characteristics were 
included in a single multivariable-adjusted model: sex, 
age, census region, ASCVD, cerebrovascular disease, 
peripheral artery disease, multibed disease, diabetes 
mellitus, heart failure, chronic kidney disease, ezeti-
mibe use as of PCSK9i initiation, no statin or ezetimibe 
use at PCSK9i initiation, ≥3 statin drugs in 12 months 
before PCSK9i initiation, discontinued statin before 
PCSK9i initiation, and number of hospitalizations in 
prior 12  months. Loss to follow-up was censored in 
the Cox regression analyses.

A Sankey diagram was used to depict the dynamics 
of LDL-lowering therapy use, including PCSK9i, at 3, 6, 
9, and 12 months following PCSK9i initiation and the 
changes in LDL-lowering therapies between these time 
points. The percentages of patients filling a certain LDL-
lowering therapy regimen is listed at each time point. 
The state transition probabilities in the Sankey diagram 
were estimated via inverse probability of censoring 
weighted estimation. The probability of censoring was 
estimated at each time point, and treatment state and 
patients transitioning out of each treatment state were 
up weighted by the inverse of the probability that they 
would be uncensored. Finally, we estimated the risk of 
a first interruption of all LDL-lowering therapies using 
Cox proportional hazards regression. We reported de-
mographic and clinical characteristics associated with 
this outcome, from the variables listed above.

All analyses were completed, and the Sankey dia-
gram was programmed using R version 3.5.2.

RESULTS
Patient Characteristics at PCSK9i 
Initiation
Between July 2015 and December 2017, a total of 
6151 patients initiated a PCSK9i. After PCSK9i ini-
tiation, these patients had a mean (SD) follow-up of 

390 (195) days. The mean age of patients initiat-
ing a PCSK9i was 63  years, 44.4% were women, 
and most (76.8%) of patients had ASCVD, including 
22.5% with evidence of a prior myocardial infarction, 
13.9% with unstable angina, 12.8% with prior per-
cutaneous coronary intervention or coronary artery 
bypass grafting, 12.3% with ischemic stroke, 4.0% 

Table.  Demographic and Clinical Characteristics of 
Patients Initiating a PCSK9i

Variable

Patients Initiating PCSK9i 
(N=6151), 

Mean (SD) or No. (%)

Demographics

Age, y† 63.0 (10.2)

Women 2731 (44.4)

Geographic region

Midwest 1221 (19.9)

Northeast 1353 (22.0)

South 3068 (49.9)

West 501 (8.1)

Missing 8 (0.1)

Insurance type

Medicare (supplemental) 2423 (39.4)

Commercial 3728 (60.6)

Comorbidities

Atherosclerotic CVD‡ 4724 (76.8)

Prior MI 1382 (22.5)

Unstable angina 857 (13.9)

Prior PCI or CABG 787 (12.8)

Ischemic stroke 759 (12.3)

TIA 247 (4.0)

Cerebrovascular disease 839 (13.6)

PAD 908 (14.8)

Prior HF 824 (13.4)

Diabetes mellitus 2267 (36.9)

Chronic kidney disease 2335 (38.0)

Hypertension 4957 (80.6)

Current medications

β Blockers 3170 (51.5)

Anticoagulants 331 (5.4)

Antiplatelet agent (not 
including aspirin alone)

1886 (30.7)

Antihypertensives 3072 (49.9)

Insulin 520 (8.5)

Antidepressants 1415 (20.3)

No. of concurrent 
medications†

3.3 (2.5)

CABG indicates coronary artery bypass grafting; CVD, cardiovascular 
disease; HF, heart failure; MI, myocardial infarction; PAD, peripheral artery 
disease; PCI, percutaneous coronary intervention; PCSK9i, proprotein 
convertase subtilisin/kexin type 9 inhibitor; and TIA, transient ischemic attack.

†All numbers in table are number (percentage), except age, which is mean 
(SD).

‡Composite of MI, unstable angina, ischemic stroke, PAD, TIA, or CABG/PCI.
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with transient ischemic attack, and 14.8% with pe-
ripheral artery disease (Table). More than one third 
of patients initiating a PCSK9i had diabetes melli-
tus (36.9%) or chronic kidney disease (38.0%). Also, 
30.7% of patients initiating a PCSK9i were taking 
an antiplatelet agent, and 49.9% were taking antihy-
pertensive medications. On average, patients were 
taking a mean of 3.3 other medications concurrently 
at the time of PCSK9i initiation.

During the 31 to 365 days before PCSK9i initi-
ation, 46.6% of patients had filled at least 1 lipid-
lowering prescription, including 29.3% who filled a 
statin (12.8% high-intensity statin), 8.5% who filled 
ezetimibe, and 10.1% who filled other medications, 
including bile acid sequestrant, niacin, fibrates, 
and prescription-strength omega-3 fatty acids 
(Figure 1). At the time of PCSK9i initiation, 27.7% of 
patients were taking a statin and 20.9% of patients 
were taking ezetimibe; 61.3% were not taking any 
additional LDL-lowering therapy (Figure 2). Overall, 
13.6% of patients met our definition of experi-
encing a statin-associated adverse event before 
initiating a PCSK9i, including 9.2% who initiated 
ezetimibe after discontinuing or down titrating sta-
tin therapy, 4.3% who used ≥3 statin drug types 
over the past 24 months, 0.1% who had a muscle 
event, and 0.1% with an adverse effect related to 
any LDL-lowering therapy followed by statin down 
titration or interruption.

PCSK9i Interruption, Resumption After 
Interruption, and Switch
Within 1 year after PCSK9i initiation, 52.2% of patients 
(95% CI, 50.8%–53.7%) had a treatment interruption of at 
least 30 days. Interruption of PCSK9i therapy occurred at 
a mean (SD) of 155 (135.5) days after initiation. In a mul-
tivariable model, older age and residence in the South 
and West census regions of the United States versus the 
Northeast census region were associated with higher 
likelihood of PCSK9i interruption, whereas patients on 
ezetimibe at the time of PCSK9i initiation were associated 
with lower likelihood of PCSK9i interruption (Figure 3).
Overall, 27.2% (95% CI, 25.4%–28.9%) of patients re-
sumed treatment within 6  months after PCSK9i inter-
ruption, and 50.4% (95% CI, 48.1%–52.7%) resumed 
treatment within 1  year after interruption. In the multi-
variable model, residence in the South versus Northeast 
census region was the only factor associated with a lower 
likelihood of treatment resumption, and no factors were 
associated with a higher likelihood of treatment resump-
tion (Figure S2). Switches between PCSK9i medications 
(evolocumab to alirocumab or alirocumab to evolocumab) 
occurred in 3.9% (95% CI, 3.4%–4.5%) of patients.

Use of LDL-Lowering Therapies After 
PCSK9i Initiation
At 1 year following initiation, 62.5% of patients were on 
a PCSK9i. As shown in the Sankey diagram (Figure 2), 

Figure 1.  Use of lipid-lowering medication within 31 to 365 days before initiation of a proprotein 
convertase subtilisin/kexin type 9 inhibitor (PCSK9i).
This figure depicts which lipid-lowering medications were used in the 31 to 365 days before initiation of a 
PCSK9i, including the statin intensity. High intensity statins included atorvastatin, ≥40 mg/d, rosuvastatin, 
≥20 mg/d, and simvastatin, 80 mg/d. Moderate-intensity statins included pitavastatin, ≥2 mg, rosuvastatin, 
10 mg, atorvastatin, 10 or 20 mg, pravastatin, ≥40 mg, fluvastatin, >80 mg, simvastatin, 20 to 40 mg, and 
lovastatin, ≥40  mg. Low-intensity statins included pitavastatin, 1  mg, rosuvastatin, 5  mg, pravastatin, 
≤40 mg, fluvastatin, ≤80 mg, simvastatin, ≤20 mg, and lovastatin, ≤40 mg. LLTT indicates lipid-lowering 
therapy.
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26.6% of patients were not on any LDL-lowering ther-
apy at 1  year after PCSK9i initiation. The proportion 
of statin-treated patients decreased over time, from 
27.7% at the time of PCSK9i initiation to 22.4% at 1 year 
after PCSK9i initiation. Also, 3.5% of patients taking a 
statin had down titrated their statin dose within a year 
after initiating a PCSK9i. Ezetimibe use decreased 
from 20.9% at the time of PCSK9i initiation to 12.0% 
1 year later.

During the year following PCSK9i initiation, 43.8% 
(95% CI, 42.4%–45.2%) of patients experienced an 
interruption in all LDL-lowering therapies. Patients 
aged ≥65 years living in the South versus Northeast 
census region and patients not taking a statin or 
ezetimibe at the time of PCSK9i initiation were more 
likely to have an interruption in all LDL-lowering thera-
pies in the year following initiation (Figure 4). Patients 
taking ezetimibe at the time of PCSK9i initiation were 
less likely to have an interruption in all LDL-lowering 
therapies.

DISCUSSION
In the current analysis, more than half of patients initi-
ated on PCSK9i experienced an interruption in PCSK9i 
treatment and only 63% of patients remained on a 

PCSK9i 1 year following initiation. The proportion of 
patients taking a statin or ezetimibe decreased after 
PCSK9i initiation. By 1  year after PCSK9i initiation, 
44% of patients had experienced an interruption in 
all LDL-lowering therapies, and 27% of patients were 
no longer on any LDL-lowering therapies 1 year fol-
lowing treatment initiation. Patients aged >65 years, 
living in the South census region of the United States, 
and not taking LDL-lowering therapy at PCSK9i initia-
tion were more likely to experience interruption of all 
LDL-lowering therapies at some point in the year after 
PCSK9i initiation. The current findings raise concern 
that many new PCSK9i users are undertreated and 
are therefore at higher risk of adverse cardiovascular 
events.

Most patients initiated on a PCSK9i had ASCVD. 
In the year before initiating a PCSK9i, a large propor-
tion of patients had filled at least 1 prescription for 
a lipid-lowering treatment, yet only 28% were on a 
statin at the time of PCSK9i initiation and 13% were 
treated with a high-intensity statin in the past year. 
These results suggest an at-risk patient population 
with ASCVD who may be initiating PCSK9i because 
of inability to tolerate statins or reach a guideline-
recommended statin dose. A recent analysis of 
physician-reported treatment patterns in early users 

Figure 2.  Sankey diagram of lipid-lowering treatment transitions in the year after proprotein convertase subtilisin/kexin 
type 9 inhibitor (PCSK9i) initiation.
This figure illustrates the Sankey diagram of lipid-lowering therapy in the year after PCSK9i initiation. The flow of patients occurs 
from left to right with calendar time. The width of the gray areas connecting the bars is directly proportional to the number of patients 
transitioning from one low-density lipoprotein (LDL)–lowering therapy regimen to another LDL-lowering therapy regimen 3 months 
later. The percentages of patients filling a certain LDL-lowering therapy regimen are listed at each time point for each LDL-lowering 
therapy category.
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of PCSK9i therapies reported that 31.6% of patients 
on a PCSK9i were taking a statin and that patients 
prescribed a PCSK9i more frequently had ASCVD 
than patients treated with other lipid-lowering thera-
pies.6 These data suggest early adopters of PCSK9i 
therapy are likely patients at high cardiovascular risk 
for whom consistent and intense LDL lowering is 
critical.

At 1  year after PCSK9i initiation, only 22% of pa-
tients were taking statin therapy. Ezetimibe use rates 
were also lower 1 year after PCSK9i initiation. Patients 
may choose to discontinue these LDL-lowering ther-
apies because of the perception of adequate lipid 
lowering and ASCVD risk reduction with a PCSK9i, dif-
ficulties adhering to a complex medication regimen, or 
belief that they are taking too many medications. In the 
current study, of which >75% had a history of ASCVD, 
patients were on an average of 3 other medications in 
addition to the PCSK9i, likely making medication per-
sistence more challenging.

A key finding of our study was the high rate of 
PCSK9i therapy interruption within the first year 
after initiation. Approximately half of all PCSK9i 
new users experienced an interruption in treatment, 
with a low proportion resuming treatment. There 
are likely many explanations for PCSK9i treatment 
interruption. High out-of-pocket costs have limited 
initial PCSK9i prescription for many patients in the 
early days after Food and Drug Administration ap-
proval.14,19,20 A prior study showed that 3 of 4 pa-
tients with a copay exceeding $375 abandoned a 
prescription for a PCSK9i therapy at the pharmacy, 
and the authors noted that the pharmacy abandon-
ment rate was almost completely accounted for by 
the copay.10 Financial burden likely contributes as 
well to PCSK9i interruptions beyond the initial fill. 
Our study showed that patients on ezetimibe (non-
generic during the study period) at PCSK9i initiation 
were less likely to interrupt treatment, whereas those 
residing in the South and West were more likely to 

Figure  3.  Factors associated with the risk of proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) therapy 
interruption.
In this figure, older age and residence in the South and West census regions of the United States vs the Northeast census region 
were associated with higher likelihood of PCSK9i interruption, whereas patients on ezetimibe at the time of PCSK9i initiation were 
associated with lower likelihood of PCSK9i interruption. CAD indicates coronary artery disease; CVD, cardiovascular disease; PAD, 
peripheral artery disease; and TIA, transient ischemic attack.

Sex, Male vs. Female

Age, 65+ vs. <65

Census Region, Midwest vs. Northeast

Census Region, South vs. Northeast

Census Region, West vs. Northeast

Atherosclero�c CVD, Yes vs. No

Cerebrovascular disease (stroke/TIA), Yes vs. No

Peripheral arterial disease, Yes vs. No

Mul�bed disease (2 or more: CAD, PAD or cerebrovascular disease, Yes vs. No

Diabetes (Type 1 or 2), Yes vs. No

Heart Failure, Yes vs. No

Chronic Kidney Disease, Yes vs. No

Eze�mibe use as of PCSK9i Ini�a�on, Yes vs. No

No sta�n or eze�mibe use at PCSK9i Ini�a�on, Yes vs. No

3 or more sta�n drugs in 12 months prior to PCSK9i Ini�a�on, Yes vs. No

Discon�nued sta�n prior to PCSK9i Ini�a�on, Yes vs. No

Number of Hospitaliza�ons in prior 12 Months
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interrupt therapy. Use of ezetimibe may be associ-
ated with greater ability to afford medications with 
higher copays. Geographic variation in the prescrib-
ing of and adherence to high-intensity statin therapy 
has been previously demonstrated.21,22 Geographic 
variation in practice patterns and patient beliefs 
and regional variation in insurance plans and their 
corresponding reauthorization criteria have been 
cited as explanations for this variation in prescrib-
ing practices and adherence. Prior studies estimate 
that 50% of patients are nonadherent to statin ther-
apy within 1  year after initiation,15,23,24 without dif-
ferences in adherence between patients prescribed 

generic versus brand statins.16 This suggests that 
although cost is certainly an issue, clinicians need to 
be vigilant for other triggers of lipid-lowering therapy 
discontinuation. In the current study, patients aged 
≥65 years were more likely to experience a PCSK9i 
interruption and interruption of all LDL-lowering ther-
apies. Poor long-term persistence to statin therapy 
has also been previously demonstrated in older 
adults.17 Older patients may experience interruptions 
in PCSK9i therapy because of a variety of factors, 
including a high medication burden, fixed incomes, 
and cognitive and physical declines that limit pa-
tients’ ability to self-administer biweekly injections.

Figure 4.  Factors associated with the risk of low-density lipoprotein (LDL)–lowering therapy interruption.
In this figure, patients aged ≥65 years living in the South vs Northeast census region and patients not taking a statin or ezetimibe 
at the time of proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) initiation were more likely to have an interruption in all 
LDL-lowering therapies in the year following initiation. CAD indicates coronary artery disease; CVD, cardiovascular disease; PAD, 
peripheral artery disease; and TIA, transient ischemic attack.

Sex, Male vs. Female

Age, 65+ vs. <65

Census Region, Midwest vs. Northeast

Census Region, South vs. Northeast

Census Region, West vs. Northeast

Atherosclero�c CVD, Yes vs. No

Cerebrovascular disease (stroke/TIA), Yes vs. No

Peripheral arterial disease, Yes vs. No

Mul�bed disease (>2: CAD, PAD or cerebrovascular disease, Yes vs. No

Diabetes (Type 1 or 2), Yes vs. No

Heart Failure, Yes vs. No

Chronic Kidney Disease, Yes vs. No

Eze�mibe use as of PCSK9i Ini�a�on, Yes vs. No

No sta�n or eze�mibe use at PCSK9i Ini�a�on, Yes vs. No

3 or more sta�n drugs in 12 months prior to PCSK9i Ini�a�on, Yes vs. No

Discon�nued sta�n prior to PCSK9i Ini�a�on, Yes vs. No

Number of Hospitaliza�ons in prior 12 Months
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With high rates of PCSK9i interruption as well as 
discontinuation of statins or ezetimibe after PCSK9i 
initiation, 27% of patients were on no LDL-lowering 
therapy by 1 year after PCSK9i initiation, and 44% of 
patients experienced interruptions of all LDL-lowering 
therapies for at least 30 days. These results caution cli-
nicians against complacency after we have success-
fully initiated the patient on a PCSK9i. As mentioned 
previously, most new PCSK9i users had prior ASCVD 
and it is critical that these patients do not go com-
pletely untreated when the PCSK9i is interrupted or 
discontinued. The 2018 American Heart Association/
American College of Cardiology Guidelines on the 
Management of Blood Cholesterol recommend that 
patients taking PCSK9i therapy should be on con-
comitant statin and ezetimibe therapy, where pos-
sible.25 The association of statin nonadherence 
with worse clinical outcomes, including death and 
recurrent cardiovascular events, has been demon-
strated.26 Clinicians need to closely monitor and ed-
ucate patients about the importance of continuing 
LDL-lowering medications. This discussion should in-
clude the rationale for reducing blood cholesterol, the 
independent benefits of statin therapy beyond LDL 
lowering, and the need to maintain long-term sec-
ondary prevention, which may require combination 
therapy of multiple LDL-lowering medications.

There are several important limitations of the current 
study. The data are limited to pharmacy fills; whether 
patients took all the medications they filled could not be 
evaluated. Interruptions in fills may represent intentional 
discontinuation decisions made by the clinician or the 
patient or lack of fill for other reasons. We did not have 
1-year follow-up on all patients after PCSK9i initiation. 
However, we used the inverse probability of censoring 
weights to account for this in the Sankey diagrams. 
The Sankey diagram only allows us to determine the 
number of patients on an LDL-lowering therapy at each 
time point. In addition, the prescription claims data do 
not capture medication fills paid for in cash or sam-
ples of drugs given to patients. Therefore, the current 
analysis may underestimate LDL-lowering therapy use. 
However, a previous analysis has demonstrated that 
few statin users are missed because of prescriptions 
being paid for in cash.27 In addition, the statin intol-
erance definition defined in the Methods section may 
not fully capture all patients who had adverse events 
to statins; indeed, we are not able to determine if sta-
tin down titration or interruption with PCSK9i therapy 
could represent a statin intolerant patient. Although we 
used an accepted algorithm for statin intolerance, mul-
tiple statin fills could be attributable to changing to a 
more potent or less potent statin therapy. Furthermore, 
we could not ascertain the reasons why a PSCK9i or 
other LDL-lowering therapy was interrupted and the 
impact of PCSK9i or LDL-lowering therapy on clinical 

outcomes. Finally, the costs of PCSK9i have declined 
more recently; our study extended through 2017, when 
PCSK9i therapy was more cost prohibitive.

CONCLUSIONS
In the current study, more than half of patients initi-
ated on a PCSK9i experienced an interruption in 
therapy within the first year after initiation. Also, after 
PCSK9i initiation, many patients discontinue or down 
titrate other LDL-lowering therapies, such as statins or 
ezetimibe. These findings raise concern that many new 
PCSK9i users may remain at high risk of cardiovascu-
lar events because of interruptions or discontinuations 
in LDL-lowering therapy.
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Figure S1. Illustration of PCSK9i Interruption Definition.  

 

 

 

 

 

This figure illustrates how an interruption was defined in this analysis.



Figure S2. Factors Associated with Resuming a PCSK9i after Interruption.  

 

 

 

In this figure, residence in the South versus Northeast census region was the only factor associated with 

a lower likelihood of treatment resumption and no factors were associated with a higher likelihood of 

treatment resumption. (CVD=cardiovascular disease, TIA=transient ischemic attack, CAD=coronary 

artery disease, PAD=peripheral artery disease, PCSK9i= Proprotein convertase subtilisin/kexin type 9 

inhibitors) 

 


