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A B S T R A C T

Objective: To determine the real-world use of pharmacotherapy with new evidence-based cardiovascular in-
dications in an academic Preventive Cardiology Clinic.
Methods: A retrospective study of patients seen in our Center for Preventive Cardiology (CPC) and who received a
new prescription, according to Food and Drug Administration (FDA) approved indications, for one of the
following pharmacotherapies with new evidence-based cardiovascular indications from May 2019 to May 2020:
proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i), eicosapentaenoic acid (EPA), sodium-glucose
cotransporter 2 inhibitors (SGLT2i), and glucagon-like peptide-1 receptor agonists (GLP-1 RA). Treatment end-
points were prescription patterns, medication access, patient out-of-pocket expenses, medication tolerability, and
clinical cardiovascular events while on these therapies.
Results: Of the 2390 patients seen in our CPC clinic over the observation period, 532 (22.3%) had already started
and 291 (12.2%) were newly initiated on pharmacotherapy with new evidence-based cardiovascular indications
with a median treatment duration of 9.1 months. Of these, 291 patients (for a total of 320 separate drug orders) –
93 (29.1%) were prescribed PCSK9i, 131 (40.9%) EPA, 46 (14.4%) SGLT2i, and 50 (15.6%) GLP-1 RA. Nearly
80% of cases required some form of provider intervention post-prescription (authorization, appeal, financial
assistance, and/or side effect management). A total of 70% of adult patients with type 2 diabetes on metformin
and with an HgbA1C >7% were treated with a SGLT2i and/or GLP-1 RA – either initiated prior to or during the
study period. Median monthly drug cost for the total cohort was reduced from $595.00 pre-insurance approval to
$70.50 post-insurance approval, to $7.00 post-financial assistance intervention. The medications were well
tolerated with any side effect occurring in 28.3%, and discontinuation due to side effects in 5.8% of cases. Clinical
cardiovascular events occurred in 2.7%, of which 1.9% was due to ASCVD and 0.8% to hospitalization for heart
failure. Differences in medication access, cost, tolerability and clinical cardiovascular events varied widely be-
tween the medication classes.
Conclusions: Initiation and management of pharmacotherapy with new evidence-based cardiovascular indications
in a real-world setting requires substantial provider intervention, a workflow amenable to a multi-disciplinary
approach which allows for high rates of medication access and cost minimization, and low rates of medication
side effects and clinical cardiovascular events.
1. Introduction

Cardiovascular disease (CVD) continues to lead the United States and
World in morbidity and mortality [1,2]. The once substantial reductions
in cardiovascular mortality over the past 50 years are no longer trending
down and may even be reversing in some populations [2]. These changes
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may reflect missed opportunities at every step of the cardiovascular
prevention and treatment continuum [2]. One of the tenets of cardio-
vascular preventive care is access to and willingness to incorporate new
evidence-based pharmacotherapies with proven cardio-protective
benefit into patient care.

Within the past five years, several Food and Drug Administration
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(FDA)-approved cardiovascular pharmacotherapy agents have been
evaluated in large scale, randomized clinical trials and found to be
effective at reducing major adverse cardiovascular events (MACE) when
added to standards of care [3–16]. In support of the positive outcomes
data, all have received revised FDA approval for their respective car-
diovascular indication, as well as endorsement by professional societies
and guidelines to prevent or treat cardiovascular disease [17–25].
However, widespread adoption of these impactful therapies has been less
than anticipated as a result of barriers to use, including often narrow FDA
indications, clinical inertia, insurance denials, and prescription afford-
ability that prevent or delay integration of these disease-modifying and
life-improving therapies. The goal of this study was to systematically
assess the real-world use of pharmacotherapies with new FDA approved
cardiovascular indications in our academic Preventive Cardiology Clinic
by evaluating prescription patterns, medication access, patient
out-of-pocket expense, mediation tolerability, and clinical cardiovascular
events.

2. Methods

This was a retrospective study of patients receiving medical care at
the Center for Preventive Cardiology (CPC) at Oregon Health & Science
University (OHSU). This study was approved by our Institutional Review
Board (IRB #0021792). Adult patients from the CPC were included in the
analysis if they received a new prescription for an agent from one of the
following classes for the first time between May 2019 and May 2020: 1.
Proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i, alir-
ocumab or evolocumab); 2. eicosapentaenoic acid (EPA, icosapent ethyl);
3. sodium-glucose cotransporter 2 inhibitors (SGLT2i, canagliflozin,
dapagliflozin, empagliflozin, or ertugliflozin); and/or 4. glucagon-like
peptide-1 receptor agonists (GLP-1 RA, dulaglutide, exenatide, liraglu-
tide, lixisenatide, or semaglutide). Albiglutide use was not evaluated as
this was removed from the market in May 2018. These medication classes
were chosen for this analysis because all have randomized control trial
data demonstrating cardiovascular benefits, as well as FDA approval for
cardiovascular indications, guideline recommendations for their use in
cardiovascular prevention, and often, insurance coverage for their use as
cardio-protective agents.

Our care delivery model utilizes a multidisciplinary approach,
relying on patient-centered management with coordinated contribu-
tions to care from physicians, advanced practice providers, a regis-
tered nurse, a clinical pharmacist, a dietitian, and medical assistants
[26]. Patients prescribed PCSK9i in our CPC clinic agree to enter a
structured protocol that consists of clinic visits prior to PCSK9i initi-
ation and every 6 months while on therapy, with plasma samples (for
lipid panel, lipoprotein (a) [Lp(a)], and PCSK9 levels) obtained at
baseline and post-PCSK9i initiation, within 5 days after an injection, at
1, 6, and 12 months [26,27]. Patients prescribed EPA, SGLT2i and
GLP-1 RA are managed according to our clinics standard of care, with
follow up and laboratory assessments based on each patient’s needs
and preferences.

Data was obtained through chart review of our electronic medical
record (EMR). Baseline parameters included demographics, vitals,
health status, laboratory parameters, and cardiovascular medications.
Treatment endpoints included measures of medication access, cost,
tolerability, and occurrence of clinical cardiovascular events (athero-
sclerotic cardiovascular disease [ASCVD], hospitalization for heart
failure, and cardiovascular death) while on pharmacotherapy with new
evidence-based cardiovascular indications. A separate endpoint was
evaluated specifically for the SGLT2i and GLP-1 RA as a quality metric
to gauge the CPC’s adherence to national guideline recommendations
[18,19]. This metric consisted of the percent of adult patients with type
2 diabetes on metformin and with a hemoglobin A1C (HgbA1C) > 7%
who were prescribed SGLT2i and/or GLP-1 RA. Data collection and
follow up duration commenced in May 2019 and terminated September
2020.
2

3. Results

3.1. Baseline demographics

Over the course of 12 months, 2390 patients were seen in the CPC
clinic, of whom 532 (22.3%) were treated with one or more of the
pharmacotherapy with new evidence-based cardiovascular indications.
Of these, 291 patients (for a total of 320 separate drug orders) met our
inclusion criteria – 93 (29.1%) were prescribed PCSK9i, 131 (40.9%)
EPA, 46 (14.4%) SGLT2i, and 50 (15.6%) GLP-1 RA (Table 1). Approx-
imately 10% of our patients were initiated on more than one of these
agents. Indications for prescribing the cardio-protective agents varied
widely but followed FDA labeled indications which included: low-density
lipoprotein cholesterol (LDL-C) lowering, triglyceride lowering, glucose
lowering, weight loss, ASCVD prevention and treatment and/or heart
failure prevention and treatment (Table 2). For the 258 cases in whom
pharmacotherapy with new evidence-based cardiovascular indications
was prescribed and initiated, the median treatment duration was 9.1
months. The average age in our cohort was 60.3 years, 45.3% of in-
dividuals were women, 76.3% had established ASCVD (mainly coronary
artery disease) and 45.9% had diabetes (Table 1). Nearly all patients had
some form of dyslipidemia (close to 25% had familial hypercholester-
olemia), and 45–70% had hypertension, obesity, or family history of
ASCVD. Rates of tobacco use (4.4%), heart failure (15%) and chronic
kidney disease (13.4%) were low. Median blood pressure was 132/73
mmHg, weight 90.6 kg, and body mass index (BMI) 31.1 kg/m2
(Table 1). Baseline (prior to addition of study medication) LDL-C level
was 71 mg/dL, Lp(a) 20 mg/dL, triglycerides 177 mg/dL, high-density
lipoprotein cholesterol (HDL-C) 43 mg/dL, and HgbA1C 6.0%
(Table 1). Baseline cardiovascular medication use included aspirin
66.6%, statins 61.6% (nearly all moderate-high intensity), ezetimibe
38.8%, metformin 32.2%, and antihypertensives 69.1% (with a mean of
2.1 agents used). In addition, 35% were already established on one or
more pharmacotherapies with new evidence-based cardiovascular in-
dications (mean of 1.1 agents used) prior to the addition of a new agent
during the study period (Table 1).

A higher burden of atherosclerosis, lipid abnormalities, statin intol-
erance, and ezetimibe use at baseline was seen in individuals initiated on
PCSK9i and/or EPA. Persons on SGLT2i and/or GLP-1 RA had higher
rates of diabetes, higher HgbA1C levels, more metformin use, and higher
rates of obesity. Persons on SGTL2i displayed the highest baseline rates of
heart failure and chronic kidney disease. Persons on GLP-1 RA had the
highest initial weight and BMI values. Persons initiated on treatment
with EPA, SGLT2i, or GLP-1 RA were more likely to have been treated
with a pharmacotherapy with new evidence-based cardiovascular in-
dications at baseline (prior to the study period) compared to those who
initiated treatment with a PCSK9i.

3.2. Medication access

For the total cohort, access to these medications required prior
authorizations in 64.7% of cases and subsequent insurance appeals in
17.5% (Table 3). The median (IQR) time to approval was 2 (0–10.8)
days and time to medication start was 12 days [6–30]. Financial
assistance in the form of copay cards and patient assistance programs
were successfully utilized in 27.8% and 9.4% of patients, respectively.
In nearly three quarters of cases, some form of provider intervention
was required (prior authorization submission, appeal, and/or utiliza-
tion of financial assistance resources) (Fig. 1). In total, 75.9% of cases
were initiated and continued on the new cardiovascular pharmaco-
therapy, with the most common reason for non-adherence being cost
(15.9%).

Medication accessibility and adherence varied among the cardio-
protective medication classes. Individuals treated with PCSK9i had the
highest adherence to therapy (93.5%), with low rates of discontinuation
due to cost (2.2%) or side effects (2.2%). The PCSK9i cohort also had the



Table 1
Baseline characteristics.

Variable Combined Cohort PCSK9i
Cohort

EPA Cohort SGLT2i Cohort GLP-1 RA
Cohort

N 320 93 131 46 50
Age (mean � SD) 60.3 � 12.9 60.3 � 12.4 60.8 � 12.2 60.5 � 12.6 57 � 14
Female sex, N (%) 145 (45.3) 46 (49.5) 50 (38.2) 20 (43.5) 29 (58)
ASCVD, N (%) 244 (76.3) 84 (90.3) 112 (85.5) 24 (52.2) 24 (48)
CAD, N (%) 224 (70) 79 (84.9) 102 (77.9) 21 (45.7) 22 (44)
CVD, N (%) 22 (6.9) 7 (7.5) 10 (7.6) 2 (4.3) 3 (6)
PAD, N (%) 63 (19.7) 19 (20.4) 33 (25.2) 7 (15.2) 4 (8)
Polyvascular, N (%) 56 (17.5) 17 (18.3) 29 (22.1) 6 (13) 4 (8)
ASCVD risk factors, N (%)
Hyperlipidemia 317 (99) 93 (100) 131 (100) 45 (97.8) 48 (96)
FH 77 (24) 43 (46.2) 29 (22.1) 2 (4.3) 3 (6)
Hypertension 214 (66.9) 46 (49.5) 100 (76.3) 35 (76.1) 33 (66)
Diabetes 147 (45.9) 15 (16.1) 48 (36.6) 43 (93.5) 41 (82)
Obesity 193 (60.3) 33 (35.5) 82 (62.6) 38 (82.6) 40 (80)
Current tobacco use 14 (4.4) 4 (4.3) 4 (3.1) 4 (8.7) 2 (4)
Family history ASCVD 229 (71.6) 79 (84.9) 104 (79.4) 22 (47.8) 24 (48)
Heart failure 48 (15) 10 (10.8) 16 (12.2) 14 (30.4) 8 (16)
Reduced EF 20 (6.3) 3 (3.2) 7 (5.3) 8 (17.4) 2 (4)
Preserved EF 28 (8.9) 7 (7.5) 9 (6.9) 6 (13) 6 (12)
Chronic kidney diseasea 43 (13.4) 11 (11.8) 18 (13.7) 11 (23.9) 3 (6)
Vitals at baseline (median [IQR])
Systolic blood pressure (mmHg) 132 (122–143) 128 (117–136) 135 (125–146) 132 (123–144) 134 (126–143)
Diastolic blood pressure (mmHg) 73 (64–81) 68 (63–79) 74 (66–83.8) 74 (67–80) 72 (65–79)
Weight (kg) 90.6 (79.9–106.8) 81.4 (71.2–97.8) 91.8 (81–103.2) 93.4 (81.2–120.4) 105.4 (87.7–123.9)
BMI (kg/m2) 31.1 (27.2–35.9) 27.8 (25–32.9) 30.9 (27.5–33.9) 32.9 (29–38.7) 36.8 (31.8–42.3)
Laboratory parameters at baseline (median [IQR])
LDL-C (mg/dL) 71 (43–101) 101 (81–105) 67.5 (42–101) 72 (46–92) 74 (51–101)
Lp(a) (mg/dL) 20 (7–77) 38 (12–90) 17 (6–77.8) 15.5 (8–33) 10 (6–33)
Triglyceride (mg/dL) 177 (112–265) 112 (84–163) 217 (159–306) 170 (117–239) 208 (126–308)
HDL-C (mg/dL) 43 (37–53) 50 (41–58) 42 (36–52) 41 (32–47) 41 (35–47)
HgbA1C (%) 6 (5.5–6.8) 5.6 (5.3–6) 5.8 (5.5–6.3) 7 (6.4–8.5) 6.8 (6.1–7.9)
Baseline cardiovascular therapies, N (%)
Aspirin 213 (66.6) 62 (66.7) 94 (71.8) 33 (71.7) 24 (48)
Statins 197 (61.6) 49 (52.7) 78 (59.5) 37 (80.4) 33 (66)
High-intensity 124 (38.8) 31 (33.3) 49 (37.4) 24 (52.2) 20 (40)
Moderate-intensity 65 (20.3) 12 (12.9) 28 (21.4) 12 (26.1) 13 (26)
Low-intensity 8 (2.5) 6 (6.5) 1 (0.8) 1 (2.2) 0 (0)
Ezetimibe 124 (38.8) 59 (63.4) 51 (38.9) 8 (17.4) 6 (12)
Metformin 103 (32.2) 7 (7.5) 35 (26.7) 26 (56.5) 35 (70)
Antihypertensive 221 (69.1) 53 (57) 95 (72.5) 38 (82.6) 35 (70)
0 99 (30.9) 40 (43) 36 (27.4) 8 (17.4) 15 (30)
1 85 (26.6) 24 (25.8) 35 (26.7) 10 (21.7) 16 (32)
2 61 (19.1) 13 (14) 26 (19.8) 12 (26.1) 10 (20)
3 50 (15.6) 13 (14) 23 (17.6) 9 (19.6) 5 (10)
4 17 (5.3) 3 (3.2) 7 (5.3) 5 (10.9) 2 (4)
5 8 (2.5) 0 (0) 4 (3.1) 2 (4.3) 2 (4)
Pharmacotherapy with new evidence-based CV indications 112 (35) 7 (7.5) 66 (50.4) 19 (41.3) 20 (40)
0 208 (65) 86 (92.5) 65 (49.6) 27 (58.7) 30 (60)
1 98 (30.6) 6 (6.5) 58 (44.3) 17 (37) 17 (34)
2 14 (4.4) 1 (1.1) 8 (6.1) 2 (4.3) 3 (6)

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CAD, coronary artery disease; CV, cardiovascular disease; CVD, cerebrovascular disease; EF,
ejection fraction; EPA, eicosapentaenoic acid; FH, familial hypercholesterolemia; GLP-1 RA, glucagon-like peptide-1 receptor agonists; HgbA1C, hemoglobin A1C; HDL-
C, high-density lipoprotein cholesterol IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); N, number; PAD, peripheral artery
disease; PCSK9i, protein convertase subtilisin/kexin type 9 inhibitors; SD, standard deviation; SGLT2i, sodium-glucose cotransporter 2 inhibitors.

a Stage 3-5 CKD, eGRF <60 ml/min.
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longest time to approval (5 days) and required the most resources, with
nearly a 2-fold higher requirement for insurance authorizations
compared to the other agents (96.8% vs 44–57%), and the highest need
for provider intervention (100%). The EPA cohort had the highest rate of
treatment non-adherence (33.6%), followed by GLP-1 RA (30%) and
SGLT2i (26.1%), mostly due to the cost factors described below. The EPA
cohort required moderate resource utilization, with prior authorizations
in 57.3% and any provider intervention in 71% of patients. Both the
SGLT2i and GLP-1 RA cohort had a lower utilization of resources, with
prior authorizations required in 43.5% and 44% and any provider
intervention in 50% and 54% respectively. Finally, a total of 70% of
individuals with type 2 diabetes on metformin and HgbA1C >7% were
prescribed SGLT2i and/or GLP-1 RA.
3

3.3. Medication cost

Median monthly drug cost for the total cohort was reduced from $595
pre-insurance approval to $70 post-insurance approval to $7 post-
financial assistance intervention (Table 3). Wide variations in medica-
tion costs were seen between drug classes. EPA was the least expensive
drug therapy ($400 per month prior to insurance authorization) yet had
the lowest rate of treatment adherence (66.4%) and highest rate of non-
adherence due to cost, accounting for 70% of all non-adherent cases due
to cost. The SGLT2i cohort had the lowest insurance copay ($9.5 per
month) and patient out-of-pocket cost (zero dollars per month), largely
owing to a preponderance of Medicaid recipients (26.1%). The GLP-1 RA
was the most expensive drug category at $980 per month without



Table 2
Indications for Prescribing Pharmacotherapy with New Evidence-Based Cardio-
vascular Indications in our Center for Preventive Cardiology.

Indication PCSK9i EPA SGLT2i GLP-1 RA

LDL-C lowering ✓

Triglyceride lowering ✓

Glucose lowering ✓ ✓

Weight loss ✓ ✓

ASCVD ✓ ✓ ✓ ✓

HFrEF ✓

ASCVD, atherosclerotic cardiovascular disease; HFrEF, heart failure with reduced
ejection fraction; EPA, eicosapentaenoic acid; GLP-1 RA, glucagon-like peptide-1
receptor agonists; LDL-C, low-density lipoprotein cholesterol; PCSK9i, protein
convertase subtilisin/kexin type 9 inhibitors; SGLT2i, sodium-glucose cotrans-
porter 2 inhibitors.
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insurance authorization, and $41 per month after insurance approval,
with a wide distribution (IQR: $0-$267 per month). The lower copay was
likely due the large contribution of Medicaid insurance in our cohort.
However, non-adherence due to cost was still elevated at 22%.
3.4. Medication tolerability

These cardiovascular pharmacotherapies were well tolerated with
side effects occurring in just over a quarter of the total cohort, and
medication discontinuation a result of side effects occurring in only 5.8%
of cases (Table 3). EPA therapy was the best tolerated, with side effects
occurring in 12.9%. Parenteral therapies (PCSK9i and GLP-1 RA) pooled
had higher rates of side effects compared with the other medications,
40.9% versus 16.4%, respectively. Despite the higher rate of side effects
with parenteral agents, there were no discernible differences in
Table 3
Medication access, tolerability, and outcomes.

Variable Combined Cohort PC
Co

N 320 93
Taking the medication, N (%) 243 (75.9) 87
Reason for not taking, N (%)
Cost 51 (15.9) 2 (
Side effects 15 (4.7) 2 (
Patient preference 9 (2.8) 2 (
Discontinued by provider 2 (0.6) 0 (
Insurance type, N (%)
Commercial 154 (48.1) 53
Medicare 113 (35.3) 30
Medicaid 40 (12.5) 7 (
VA 9 (2.8) 1 (
Uninsured 4 (1.3) 2 (
Prior authorization, N (%) 207 (64.7) 90
Appeals, N (%) 56 (17.5) 16
Time to approval, days (median [IQR]) 2 (0–10.8) 5 (
Medication cost, $ (median [IQR])
Drug cost 595 (400–600) 59
Insurance copay 70.5 (8–193.3) 93
Patient out-of-pocket cost 7 (0–81) 3.8
Financial assistance, N (%)
Copay card 89 (27.8) 41
Patient assistance program 30 (9.4) 13
Any insurance or cost intervention, N (%) 236 (73.8) 93
Side effects, N (%)a 73 (28.3) 37
Discontinued due to side effects, N (%)a 15 (5.8) 2 (
Any insurance, cost, or side effect intervention, N (%) 250 (78.1) 93
CV event on therapy, N (%)a 7 (2.7) 4 (
ASCVD 5 (1.9) 4 (
HHF 2 (0.8) 0 (
CV death 0 (0) 0 (

ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; EPA, eicosapenta
zation for heart failure; IQR, interquartile range; PCSK9i, protein convertase subtilisin
veterans administration.

a To account for patients who initiated therapy, N is out of 258, 89, 93, 38, and 38

4

discontinuation rates among parenteral versus oral therapies, implying
that most side-effects were mild and/or transient. Accounting for side
effect management, 78.1% of patients required some form of provider
intervention for medication access and/or tolerability (authorization,
appeal, financial assistance, and/or side effect management) (Fig. 1).
3.5. Clinical cardiovascular events

Clinical cardiovascular events were rare, occurring in only 2.7% of
patients over a median treatment duration of 9.1 months, consisting of
1.9% ASCVD, 0.8% hospitalization for heart failure, and zero cardio-
vascular deaths (Table 3). This event rate corresponds to an annualized
event rate of approximately 3.6%. Persons on either EPA or GLP-1 RA
therapies experienced no clinical cardiovascular events over the follow
up period. The SGLT2i cohort had the most frequent occurrence of
clinical cardiovascular events (7.9%), largely driven by hospitalizations
for heart failure (5.3%), which reflected the higher rate of heart failure at
baseline in this cohort. Of the 88 patients successfully initiated on more
than one pharmacotherapy with new evidence-based cardiovascular in-
dications, only one experienced a clinical cardiovascular event (1.1%) as
compared to six events in the group of 170 patients initiating only one
newer agent.

4. Discussion

We described a one-year experience with standardized use of cardio-
protective medications in patients with recent FDA indications to receive
such therapies who were seen in our academic Center for Preventive
Cardiology. The real-world initiation of new evidence-based and
guideline-endorsed cardiovascular pharmacotherapy was substantial,
SK9i
hort

EPA Cohort SGLT2i Cohort GLP-1 RA
Cohort

131 46 50
(93.5) 87 (66.4) 34 (73.9) 35 (70)

2.2) 36 (27.5) 2 (4.3) 11 (22)
2.2) 6 (4.6) 4 (8.7) 3 (6)
2.2) 2 (1.5) 4 (8.7) 1 (2)
0) 0 (0) 2 (4.3) 0 (0)

(57) 64 (48.9) 16 (34.8) 21 (42)
(32.3) 48 (36.6) 16 (34.8) 19 (38)
7.5) 11 (8.4) 12 (26.1) 10 (20)
1.1) 6 (4.6) 2 (4.3) 0 (0)
2.2) 2 (1.5) 0 (0) 0 (0)
(96.8) 75 (57.3) 20 (43.5) 22 (44)
(17.2) 26 (19.8) 5 (10.9) 9 (18)
2–9.5) 2 (0–14) 1 (0–6) 0 (0–14.5)

5 (595–595) 400 (392–400) 600 (600–619.3) 980 (953–997)
(30–180) 88 (17.5–310) 9.5 (0–86.8) 41 (0–266.8)
(0–5) 9 (2.3–164) 0 (0–28.9) 25 (0–155)

(44.1) 35 (26.7) 5 (10.9) 8 (16)
(14) 14 (10.7) 1 (2.2) 2 (4)
(100) 93 (71) 23 (50) 27 (54)
(41.6) 12 (12.9) 9 (23.7) 15 (39.5)
2.2) 6 (6.5) 4 (10.5) 3 (7.9)
(100) 94 (71.8) 28 (60.9) 35 (70)
4.5) 0 (0) 3 (7.9) 0 (0)
4.5) 0 (0) 1 (2.6) 0 (0)
0) 0 (0) 2 (5.3) 0 (0)
0) 0 (0) 0 (0) 0 (0)

enoic acid; GLP-1 RA, glucagon-like peptide-1 receptor agonists; HHF, hospitali-
/kexin type 9 inhibitors; SGLT2i, sodium-glucose cotransporter 2 inhibitors; VA,

for combined, PCSK9i, EPA, SGLT2i, and GLP-1 RA cohorts respectively.



Fig. 1. Percent of Patients Requiring Provider Inter-
vention for Management of Pharmacotherapies with
New Evidence-Based Cardiovascular Indications.
Figures A-E demonstrate the percent of patients
requiring provider interaction to obtain or tolerate
pharmacotherapy with new evidence-based cardio-
vascular indications. Dark blue ¼ patients requiring
provider intervention; light blue ¼ patients not
requiring intervention. Figure A – 64.7% of patients
required insurance approval to obtain the medication.
Figure B – 37.2% of patients required cost minimi-
zation strategies to obtain afford the medication.
Figure C – 28.3% of patients required side effect
management. Figure D – 73.8% of patients required
an intervention for medication access (insurance
approval or cost minimization). Figure E � 78.1% of
patients required an intervention for medication ac-
cess and tolerability (insurance approval, cost mini-
mization, or side effect management).
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well tolerated, and overall affordable to patients, but required expert and
protocol-based intervention from our clinical care team and support staff.
Nearly 25% of patients were initiated on these cardio-protective medi-
cations, and 75% of these effectively started, continued, and tolerated
therapy. The rapid adoption and high utilization of these therapies is one
of several areas of opportunity listed by the recent American Heart As-
sociation Presidential Advisory for a call to action to address urgent
challenges in cardiovascular disease [2]. Our study results demonstrate a
substantial improvement in this metric when evaluating prescribing
patterns of the novel antidiabetic agents, SGLT2i and/or GLP-1 RA. In a
report by Vaduganathan et al., in 2017, they highlighted low utilization
of SGTL2i use despite clinical trial evidence suggesting cardiovascular
disease benefit [28]. They also identified cardiologists as the least likely
prescriber, accounting for only 5% of SGLT2i and 4.5% of GLP- RA
prescriptions [28]. In contrast, our cardiology-based CPC that includes
5

endocrinologists has integrated the use of SGLT2i and GLP-1 RA agents
into standard-of-care practices for our patient population, thus far
coopting 70% of eligible patients. Though substantial work is still needed
to optimize use of cardio-protective antidiabetic agents in at risk pop-
ulations, our data suggest that steps are being made towards achieving
this goal.

The enhanced emphasis on use of pharmacotherapy with new
evidence-based cardiovascular indications in our CPC was associated
with increased workload for providers and support staff, which went
above and beyond standard duties in the outpatient setting. Nearly 80%
of cases involving these agents required some provider intervention
(prior authorization, appeal, cost savings initiative, or side effect man-
agement) for medication initiation and maintenance of therapy, with the
vast majority of interventions (73.8%) tied to medication access. This is a
vital point, one which highlights the important notion that the providers
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duties do not cease with signing the prescription. This workflow is most
amenable to a multi-disciplinary team approach, leveraging the assis-
tance and expertise of the various healthcare teammembers which in our
case consist of physicians, advanced practice providers, a registered
nurse, a clinical pharmacist, a dietitian, medical assistants, and clerical
staff [29,30].

As with any branded medication, cost considerations are critical for
optimal utilization of these cardio-protective therapies. Concerns over
barriers to medication access and cost emerged in contemporary car-
diovascular disease management with the use of PCSK9i therapy
[31–40]. Our group’s previous analyses in this area delineated how a
multi-disciplinary team approach that leveraged a formalized and
structured protocol for PCSK9i initiation significantly reduced patient
cost as a barrier to appropriate patient management [26,27,41]. In the
current study, cost to the patient was reduced nearly 80-fold, from a
median price of $595 per month to $7 per monthwith insurance approval
and application of financial assistance resources. It has been documented
that medication non-adherence significantly rises when patient
out-of-pocket expense is >$50 per month [42–44]. However, cost was
still the leading cause for patients not adhering to our recommendations,
occurring in 15.9% of cases though varying substantially by drug class.
PCSK9i had the lowest rates of cost-associatedmedication non-adherence
(2.2%) and EPA was the highest (27.5%). Explanations for this difference
are related to 1) internal protocols for drug prescribing in our clinic, 2)
insurance approval criteria, and 3) access to financial assistance pro-
grams. First, only PCSK9i initiation followed a structured protocol in our
clinic during the study period. The differences in clinic structure and
resources devoted to patients on the structured protocol for PCSK9i
compared to other drugs likely contributed to differences in cost
containment. Second, insurance approval criteria were most stringent for
EPA as the therapy did not obtain FDA cardiovascular indications until
December 2019, a full 7 months into our study. Prior to FDA approval,
insurance approval for cardiovascular risk reduction was challenging. In
addition, many insurance companies inappropriately required patients to
use an elusive “over-the-counter equivalent” in place of the
prescription-grade and evidence-based EPA therapy. This scenario is not
uncommon and requires many levels of appeals and a lapse of weeks to
months to get the appropriate EPA therapy approved. These challenges
with obtaining approval for EPA still persist despite the new FDA indi-
cation for ASCVD [45]. Third, many insurers “cover” the pharmaco-
therapy with new evidence-based cardiovascular indications, but classify
them as “specialty medications” or non-formulary medications, placing
them on high-tiered copay structures. Many insurers require a
co-insurance payment instead of a copay, which shifts the high medica-
tion cost burden to the patient, an act that is particularly problematic for
Medicare patients as they, by law, have less access to financial assistance
resources (i.e., copay or discount cards). Though all pharmacotherapies
with new evidence-based cardiovascular indications provide financial
assistance programs (i.e., copay cards and/or patient assistance pro-
grams), there are differences in income requirements and the need for
patients to have spent a certain amount of out-of-pocket dollars to
qualify. These programs are most accommodating for PCSK9i and less so
for the others. As cost remains a significant barrier for the cardiovascular
patient, accounting for non-adherence in 1 of 8 Americans [46], work-
flows and best practices aimed at minimizing cost are vital for patients to
realize the full therapeutic benefit of these risk reducing therapies.

Pharmacotherapies with new evidence-based cardiovascular in-
dications were well tolerated in our cohort, with adverse drug events
reported in less than a quarter of patients, most of which were mild and
self-limiting. Adverse drug events were 2 to 3-fold higher with the
parenteral agents (PCSK9i and GLP-1 RA), primarily consisting of local
injection site reactions (i.e., pain, rash) or cold/flu-like syndrome (i.e,
muscle aches, malaise, nasopharyngitis) primarily with PCSK9i and
gastrointestinal symptoms with GLP-1 RA. Medication discontinuation
due to adverse drug events was low at 5.8%.

Although our study does not have sufficient numbers of patients or
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duration of follow-up to assess changes in rates of CV events, our patients
on cardio-protective pharmacotherapy displayed a low occurrence of
MACE, overall only 2.7% over 9.1 months of median follow up for an
annualized event rate of approximately 3.6%. Not surprisingly, the
highest rate of MACE was seen in the PCSK9i cohort, due to pre-existing
ASCVD (90.3%), familial hypercholesterolemia (46.2%), and statin
intolerance (47.3%). Heart failure events occurred most commonly in the
SGLT2i cohort (5.3%), which was expected given this group of patients
had 2–3 fold higher prevalence of heart failure (30%), and chronic kid-
ney disease (23.9%) comorbidities at baseline. To our knowledge, this is
the first study to compare MACE outcomes in a real-world setting across
classes of pharmacotherapy with new evidence-based cardiovascular
indications. Our extrapolated annual event rate of 3.6%, is equal to or
lower than the annualized event rates observed in cardiovascular
outcome trials for PCSK9i (3.4–4.5% on treatment versus 4–5.1% on
placebo) [7,10], EPA (3.5% on treatment versus 4.5% on placebo) [12],
SGL2Ti in diabetes population (2.1–3.4% on treatment versus 2.2–4% on
placebo) [4,8,13], SGLT2i in a heart failure population (6.6–9.9% on
treatment versus 13.7–14% on placebo) [15,16], and GLP-1 RA
(2.2–6.4% on treatment versus 2.5–6.3% on placebo) [5,6,11,14,47,48].

Strengths of this study include a large cohort of well-characterized
patients initiated on pharmacotherapy with new evidence-based car-
diovascular indications, including the PCSK9i group within an IRB-
approved structured protocol. The validity of our data is driven by the
systematic collection and documentation of clinical events, laboratory
measures and vitals, both at baseline and those accrued during follow up,
as well as medication access, cost, and tolerability evaluated routinely
and longitudinally for patients seen within our practice. This study
documenting our experience is also the first demonstration of how to
integrate the quickly expanding set of cardiovascular agents into clinical
practice – applying data from large cardiovascular outcome trials,
traversing the issue of medication access in today’s healthcare landscape
and applying it to high-risk cardiovascular patients in practice and
closely monitoring for medication tolerability and clinical outcomes. The
overarching message of this study is that it is possible to overcome the
barriers to implementing pharmacotherapy with new evidence-based
cardiovascular indications. Three core components are necessary to
improve attainment of this goal, which include: 1) overcoming clinical
inertia, 2) having a structured, protocol-based approach to pharmaco-
therapy screening, initiation, and follow up, and 3) utilizing a multi-
disciplinary care team to deliver on these actionable items.

Limitations of this study are inherent to its single-center, retrospec-
tive nature, and real-world data design. Additionally, our selection of
cardiovascular pharmacotherapies was not all inclusive, as we did not
examine use of newer antithrombotic and anticoagulation agents such as
ticagrelor and rivaroxaban. Another limitation pertains to event rate
capture, since our patient population comes from across the region and
the country, tabulation of MACE outcomes is challenging. There is the
possibility of failing to account for MACE outcomes due to patients not
divulging events during follow up or not being treated within our
healthcare system network of interconnected EMRs. Though we captured
MACE outcomes in those initiating newer pharmacotherapies (N ¼ 291),
we did not evaluate such endpoints in those who did not initiate newer
pharmacotherapies (N ¼ 2099), precluding any determination regarding
event rate reduction with use of newer agents. Finally, we did not assess
initiation or intensification of background cardiovascular pharmaco-
therapies (i.e., statins, antihypertensive, etc) once the study commenced.
Although changes in background cardiovascular pharmacotherapies may
have occurred during the observation period, it is unlikely as this task is
generally optimized prior to initiation of newer pharmacotherapies.

5. Conclusions

We describe the real-world use of pharmacotherapy with new
evidence-based cardiovascular indications among a widely diverse group
of patients with established ASCVD or very high risk for developing
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cardiovascular disease. Incorporating in practice the routine prescribing
of these agents in line with guideline recommendations requires a multi-
disciplinary, patient-centered, structured approach. In the majority of
these patients, a prescription for these cardiovascular pharmacotherapy
agents necessitated additional healthcare team involvement to obtain
insurance authorization and cost minimization for the patient. Despite
best efforts by our team, a quarter of patients were unable to adhere to
the medications long term, mainly due to excessive medication costs.
These medications were well tolerated with most side effects mild and
self-limiting, with very few discontinuing due to adverse events. Similar
to results from cardiovascular outcome trials, few clinical cardiovascular
events occurred when patients were established on these pharmaco-
therapies with new evidence-based cardiovascular indications. The clinic
model and experience we have described herein may help guide
increased use of these agents in other clinical settings.
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