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Aims

Methods
and results

Despite proven benefits of LDL-C lowering among those with atherosclerotic cardiovascular disease (ASCVD), sta-
tin adherence remains low. Very little real-world data exist on the effect of long-term statin adherence on cardio-
vascular outcomes.

A total of 7339 patients >18 years first diagnosed with ASCVD with a statin prescription within 12 months of diag-
nosis who had 5 years of continuous Select Health insurance or died during Years 2-5, while a member was
studied. The proportion of days covered (PDC) was calculated using pharmacy claims for statin use by year, and
patients were stratified into pre-defined categories: fully adherent [PDC>80% for Years 1-5 or until death,
n=353 (4.8%)], short-term-adherent [PDC > 80% for Years 1-3, n=330 (4.5%)], early-adherent only [PDC > 80%
for Year 1, n=890 (12.1%)], complex-adherent (PDC>80% in any of Years 2-5, but not Year 1, n=1292
[17.6%]), and non-adherent [PDC <80% for Years 1-5 or until death, n=3942 (72.1%)]. Patients were followed
for major adverse clinical events (MACE = death, myocardial infarction, and stroke). Patients averaged
56.4+ 9.6 years and 76.5% were male. During Year 1, statin adherence was poor, with PDC <20% in 4007 (54.6%)
patients and PDC >80% in 1573 (21.4%) patients, which dropped to 16.9% by Year 5. Increased adherence was
associated with significantly fewer MACE (11.6%, 17.9%, 21.9%, 21.1%, and 26.4% for those fully adherent, short-
term adherent, early-adherent only, complex-adherent, and non-adherent, respectively, P-trend <0.0001). After ad-
justment, fully adherent was associated with a significant decrease in MACE (hazard ratio =0.51, 0.37-0.71).

Among ASCVD patients with at least 5 years of continuous pharmacy benefits, long-term adherence to statins was
associated with decreased long-term MACE in a linear-fashion.
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Introduction

Despite decades of progress in the fight against atherosclerotic car-
diovascular disease (ASCVD), it is still the largest source of morbidity
and mortality in the USA, outpacing cancer by nearly 200 000 deaths
in 2017." While the incidence of cancer-related death has continued
to steadily decline in recent years, progress against decreasing
ASCVD has recently begun to stall.” Of the modifiable risk factors
that contribute to the burden of ASCVD, cholesterol was shown to
be one of the most important.? Therefore, recent AHA/ACC guide-
lines recommend aggressive pharmacological lowering of cholesterol
levels in patients with ASCVD with maximally tolerated statins in
order to prevent recurrent cardiovascular (CV) events or death?
However, recent data from the Medical Expenditure Panel Survey
(MEPS) show that only 58.1% of ASCVD patients are statin users.*

The MEPS survey does not provide reasons for statin non-use
among patients. However, prior studies have shown that, even
among high-risk ASCVD populations, adherence to lipid-lowering
therapy is poor.>® While the absolute rate of adherence varies by
study and population, all studies showed a decline in statin adherence
within the first 6 months after initiation followed by continued attri-
tion over several years.”™ These studies have found long-term adher-
ence to be 50% or lower 2years following an ASCVD event.>’
Despite high rates of discontinuation, some studies have found that
non-persistent patients may initiate statin therapy after lags in statin
use lasting several months to several years.s‘9

These real-world persistence patterns are disconcerting based
on results of many large statin trials showing significant reductions
in adverse CV outcomes with statin use.'®™? Increased length of
statin use has been shown to be associated with greater risk re-
duction. Meta-analysis from the Cholesterol Treatment Trialists
Collaboration of 90 056 participants in statin trials reported a
14% relative risk reduction in coronary events per mmol of

p-trend=0,0001

MACE
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cholesterol reduction during the first year of statin therapy, rising
to a 30% reduction after 2years of treatment.'® Even after statin
therapy is discontinued, having achieved several years of continu-
ous statin treatment can provide a long-term clinical benefit (leg-
acy effect). For example, the West of Scotland Coronary
Prevention Study (WOSCOPS) demonstrated a 21% lower risk of
CV death and a 24% lower risk of myocardial infarction (Ml) over
20years of follow-up after patients completed 5 continuous years
of statin therapy."*

While many studies have evaluated the effect of short-term ad-
herence to statin therapy, few US datasets are able to provide a
long-term assessment of 5years of continuous statin use on out-
comes. Therefore, this study sought to determine the association
of 5years of continuous follow-up statin use with concomitant
and subsequent adverse CV outcomes among a real-world
ASCVD population within a highly integrated healthcare system
with health insurance that included pharmaceutical benefits and
pharmacy claims information.

Methods

Study objectives

The primary objective of this study was to determine the association of
long-term statin adherence on long-term major cardiovascular events
(MACE: death, M|, and stroke) and MACE+ (MACE + coronary revascu-
larization). The secondary objectives of this study were to determine the
effect of long-term statin adherence on the individual components of
MACE+. We also evaluated the association of long-term statin adher-
ence with 5-year outcomes (death, non-fatal Ml, non-fatal stroke, and
coronary revascularization) and identified the factors that were predictive
of long-term statin adherence.
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Table I Yearly changes in PDC categories for patients during the first 5 years of follow-up (n = 7339)
<20% 20-29% 30-39% 40-49% 50-59% 60-69% 70-79% >80%

Year 1 4007 (54.6%) 258 (3.5%) 282 (3.8%) 280 (3.8%) 290 (4.0%) 281 (3.8%) 368 (5.0%) 1573 (21.4%)
Year2 4293 (58.5%) 249 (3.4%) 205 (2.8%) 250 (3.4%) 229 (3.1%) 263 (3.6%) 333 (4.5%) 1517 (20.7%)
Year 3 4408 (60.9%) 232 (3.2%) 189 (2.6%) 247 (3.4%) 203 (2.8%) 246 (3.4%) 285 (3.9%) 1433 (19.8%)
Year 4 4531 (63.5%) 205 (2.9%) 158 (2.2%) 204 (2.9%) 199 (2.8%) 230 (3.2%) 270 (3.8%) 1334 (18.7%)
Year 5 4690 (66.7%) 194 (2.8%) 162 (2.3%) 190 (2.7%) 173 (2.5%) 181 (2.6%) 272 (3.9%) 1169 (16.9%)

PDC, proportion of days covered.

Table2 PDC categories in Years 2-5 among patients with a PDC >80% in Year 1 (n = 1573)

<20% 20-29% 30-39% 40-49%
Year 1 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Year 2 125 (7.9%) 50 (3.2%) 58 (3.7%) 58 (3.7%)
Year3 372 (23.8%) 43 (2.8%) 56 (3.6%) 58 (3.7%)
Year 4 547 (35.5%) 45 (2.9%) 34 (2.2%) 51 (3.3%)
Year 5 676 (44.3%) 46 (3.0%) 43 (2.8%) 52 (3.4%)

50-59% 60-69% 70-79% >80%

0 (0%) 0 (0%) 0 (0%) 1573 (100%)
64 (4.1%) 85 (5.4%) 133 (8.5%) 1000 (63.6%)
66 (4.2%) 76 (49%) 120 (7.7%) 772 (49.4%)
51 (3.3%) 82 (5.3%) 94 (6.1%) 638 (41.4%)
55 (3.6%) 55 (3.6%) 88 (5.8%) 512 (33.5%)

Study population

ii. having undergone a documented carotid artery endarterec-

The IMPRES Study evaluated Intermountain Healthcare patients diag-
nosed with ASCVD. Intermountain Healthcare is a non-profit, integrated
healthcare system including 22 hospitals, 185 clinics, and a system of
health insurance plans (Select Health). Select Health is Intermountain
Healthcare’s insurance division, serving more than 750 000 members in
Utah and Idaho. This study was approved by the Intermountain
Healthcare institutional review board. Investigations were in accordance
with the Declaration of Helsinki.

Study subjects were identified from all persons registered in the
Intermountain Healthcare electronic health record system with a diagno-
sis of ASCVD between 1 January 1999 and 31 December 2013, using the
Intermountain  Enterprise Data Warehouse. The Enterprise Data
Warehouse contains information about all encounters in the
Intermountain Healthcare System, which include clinic visits, emergency
department visits, and inpatient stays. All patients were included if they
met the following criteria (Supplementary material online, Figure ST for
consort diagram):

(1) age>18years of age.

(2) First encounter for non-fatal ASCVD at Intermountain between 1
January 1999 and 31 December 2013 were documented to have
ASCVD by one of the following:

a. Having a coronary artery disease (CAD)-related ASCVD event
including:

i. having a primary International Classification of Diseases,
Ninth Revision, codes (ICD-9) inpatient diagnosis of coron-
ary artery disease or acute myocardial infarction, or

ii. having undergone a documented percutaneous coronary
intervention (PCI) or coronary artery bypass graft (CABG)
surgery at Intermountain Healthcare.

b. Having a cerebrovascular (CVD)-related ASCVD event including:

i. having a primary ICD-9 inpatient diagnosis of ischemic
stroke, or

tomy or stenting at Intermountain Healthcare.
c. Having a peripheral artery disease (PAD)-related ASCVD event

including:

i. having a primary ICD-9 inpatient diagnosis of peripheral vas-
cular disease, or

ii. having undergone a documented aortic aneurysm repair or
peripheral arterial revascularization procedure including by-
pass surgery or percutaneous intervention.

(3) Survived 1-year after index encounter.

(4) Had a minimum of two encounters in the health delivery system at
least 12 months apart. (This criterion was applied to eliminate tem-
porary visitors to the Intermountain system so as to enrich for
those with complete follow-up data.)

(5) Received a statin prescription within the year following their
ASCVD diagnosis

(6) Had 5 years of continuous Select Health insurance membership or
died during Years 2-5 while a Select Health member.

Baseline and clinical characteristics

Baseline clinical characteristics of all study patients were collected at the
time of the index ASCVD diagnosis and included age, sex, race, traditional
CV risk factors (including hypertension, hyperlipidaemia, diabetes melli-
tus, and smoking status), index ASCVD event, renal insufficiency (defined
as serum creatinine >1.5mg/dL), left ventricular ejection fraction (at or
within one year prior to the index encounter), body mass index (BMI),
Charlson comorbidity index, and prior history of heart failure, atrial fibril-
lation, malignancy, chronic obstructive pulmonary disease, obstructive
sleep apnoea, and depression. Comorbidities and prior clinical diagnoses
were determined by International Classification of Disease (ICD)-9
codes. Lipid panel and other laboratory measurements were also col-
lected. Concomitant medications prescribed at the time of the index
ASCVD event (statin, non-statin lipid lowering medications, anti-diabetic
medications, anticoagulants, antiplatelet agents, renin—angiotensin
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Table 3 Baseline characteristics of patients stratified by categories of statin adherence

Fully adherent, Short-term Early-adherent Complex-adherent, Non-adherent, P-value
n =353 (4.8%) adherent, only,n =890 (12.1%) n=1292 (17.6%) n = 4474 (61.0%)
n =330 (4.5%)

Age (years) 552+75 574+75 57189 56.3+88 56.3+£10.2 0.009
Age categories <0.0001

<65 316 (89.5%) 295 (89.4%) 757 (85.1%) 1103 (85.4%) 3599 (80.4%)

65-74 36 (10.2%) 30 (9.1%) 109 (12.2%) 150 (11.6%) 718 (16.0%)

>75 1(0.3%) 5(1.5%) 24 (2.7%) 39 (3.0%) 157 (3.5%)
ASCVD <0.0001

CAD 322 (92.8%) 282 (86.0%) 771 (87.8%) 1105 (87.1%) 3642 (83.2%)

CvD 22 (6.3%) 42 (12.8%) 75 (8.5%) 123 (9.7%) 577 (13.2%)

PAD 3 (0.9%) 4 (1.2%) 32 (3.6%) 41 (3.2%) 157 (3.6%)
Sex (male) 300 (85.0%) 260 (78.8%) 672 (75.5%) 1016 (78.6%) 3365 (75.2%) <0.0001
Hypertension 248 (70.3%) 217 (65.8%) 605 (68.0%) 850 (65.8%) 2879 (64.9%) 0.07
Hyperlipidaemia 282 (79.9%) 252 (76.4%) 667 (74.9%) 955 (73.9%) 3118 (69.7%) <0.0001
Diabetes 91 (25.8%) 92 (27.9%) 252 (28.3%) 337 (26.1%) 1288 (28.8%) 0.33
Smoking 119 (33.7%) 116 (35.2%) 334 (37.5%) 457 (35.4%) 1793 (40.1%) 0.004
Renal failure 11 (3.1%) 13 (3.9%) 37 (4.2%) 53 (4.1%) 238 (5.3%) 0.1
Depression 32 (9.1%) 34 (10.3%) 117 (13.1%) 132 (10.2%) 597 (13.3%) 0.005
Heart failure 29 (8.2%) 30 (9.1%) 81 (9.1%) 97 (7.5%) 467 (10.4%) 0.02
Atrial fibrillation 28 (7.9%) 34 (10.3%) 76 (8.5%) 125 (9.7%) 398 (8.9%) 0.70
COPD 12 (3.4%) 10 (3.0%) 49 (5.5%) 75 (5.8%) 303 (6.8%) 0.007
Sleep apnoea 62 (17.6%) 91 (27.6%) 199 (22.4%) 220 (17.0%) 789 (17.6%) <0.0001
Prior malignancy 19 (5.4%) 19 (5.8%) 56 (6.3%) 72 (5.6%) 319 (7.1%) 0.23
BMI category, n=5383 0.002

<25 49 (14.0%) 39 (12.0%) 106 (12.1%) 199 (15.7%) 775 (17.6%)

25-29.9 129 (36.8%) 125 (38.6%) 324 (37.1%) 444 (35.1%) 1586 (36.0%)

>30 173 (49.3%) 160 (49.4%) 443 (50.7%) 622 (49.2%) 2041 (46.4%)
LDL-Catindex,n=5077 106.4+35.1 105.3+34.6 104.1+£36.1 108.0+ 35.7 107.5+37.8 0.25
LDL-C at index categories 0.35

<70 41 (16.7%) 38 (15.7%) 108 (17.6%) 110 (12.5%) 427 (13.8%)

70-99 68 (27.6%) 80 (33.1%) 181 (29.5%) 281 (31.8%) 976 (31.6%)

100-129 76 (30.9%) 68 (28.1%) 189 (30.8%) 268 (30.4%) 918 (29.7%)

>130 61 (24.85) 56 (23.1%) 136 (22.1%) 224 (25.4%) 771 (24.9%)
Statin at discharge 353 (100%) 329 (99.7%) 887 (99.7%) 1226 (94.9%) 4379 (97.9%) <0.0001
PDC <0.0001

Year 1 92.6 £5.0% 91.8+5.1% 90.4£5.7% 28.9 £29.8% 13.1+£22.3% <0.0001

Year 2 93.9+4.7% 92.9+£5.0% 61.2£30.8% 53.2+£382% 8.1+ 18.4% <0.0001

Year 3 94.1+4.3% 92.4+5.3% 36.2+£33.4% 63.8+34.7% 68+17.1% <0.0001

Year 4 94.0 £5.0% 66.3+£31.1% 288 +36.4% 66.5+33.9% 62+16.3% <0.0001

Year 5 93.8+52% 35.1+£33.5% 26.0 +£36.0% 60.2 £ 38.3% 68+17.6% <0.0001

Total sample size = 7339.

Complex-adherent, PDC >80% in any of Years 2-5, but not Year 1; early-adherent only, PDC >80% for Year 1 only; fully adherent, PDC >80% for Years 1-5; non-adherent,
PDC <80% for Years 1-5; PDC, proportion of days covered; short-term adherent, PDC >80% for Years 1-3 only.

inhibitors, beta-blockers, calcium channel blockers, other anti-hyperten-
sive agents, and antidepressants) were documented. Pre- and post-index
ASCVD event use of statin and/or lipid-lowering therapy was
documented.

Proportion of days covered

Statin adherence was determined by calculating the proportion of days
covered (PDC). Patients were considered to have received a statin pre-
scription if it occurred at ASCVD discharge or within 30days of

discharge; if statin naive, prior to index ASCVD event or within 90 days; if
receiving statin therapy prior to the index ASCVD event; or if a patient
filled a statin prescription during the year following their ASCVD diagno-
sis. PDC was calculated annually by taking the total number of days statin
medication was available in that year divided by the number of days in the
follow-up period.”® Pharmacy claims data were used to determine if and
how frequently statin prescriptions were filled. The use of claims data is
the most rigorous method that can be used in observational studies to
determine statin adherence. In order to ascertain yearly changes in

220z Aey 90 uo Jasn sseooy Jequisi\ DS Ag £9£9029/2SE/S/8/31911e/000blys/woo dnooiwepeose//:sdny woll pepeojumod



356

H.T. May et al.

40

35

30

25

21.1
20

%

17.9

15

10

MACE

M Fully-adherent Short-term-adherent

Early-adherent-only

35.3

32.6 32.6

25.2

MACE+

B Complex-adherent B Non-adherent

Figure | Frequency (%) of long-term MACE and MACE+ outcomes among PDC categories. "MACE: death, M, or stroke; MACE+: death, MI,
stroke, CABG, or PCI; complex-adherent, PDC >80% in any of Years 2-5, but not Year 1; early-adherent only, PDC >80% for Year 1 only; fully adher-
ent, PDC >80% for Years 1-5; non-adherent, PDC <80% for Years 1-5; PDC, proportion of days covered; short-term adherent, PDC >80% for

Years 1-3 only.

Table 4 Long-term outcomes for components of MACE+ and length of follow-up stratified by statin adherence

categories
Fully adherent, Short-term adherent, Early-adherent only, Complex-adherent, Non-adherent, P-value
n=353 n=2890 n=1292 n=4474
Death 16 (4.5%) 32 (9.7%) 126 (14.2%) 151 (11.7%) 708 (15.8%) <0.0001
Ml 24 (6.8%) 20 (6.1%) 63 (7.1%) 112 (8.7%) 423 (9.5%) 0.03
Stroke 4 (1.1%) 8 (2.4%) 21 (24%) 45 (3.5%) 191 (4.3%) 0.002
CABG 17 (4.8%) 16 (4.8%) 36 (4.0%) 75 (5.8%) 277 (6.2%) 0.11
PCI 70 (19.8%) 52 (15.8%) 166 (18.7%) 297 (23.0%) 987 (22.1%) 0.008
Length of follow-up 8.8+2.7 8.2+31 84+32 10.0£39 9.1+38 <0.0001
(years)

Complex-adherent, PDC >80% in any of Years 2-5, but not Year 1; early-adherent only, PDC >80% for Year 1 only; fully adherent, PDC >80% for Years 1-5; non-adherent,
PDC <80% for Years 1-5; PDC, proportion of days covered; short-term adherent, PDC >80% for Years 1-3 only.

adherence, the proportion of patients found to be within one of several
PDC categories for each of Years 1-5 was documented. A stratification
of PDC >80% is often considered fully adherent.'® To analyse patterns of
patient adherence to statin prescriptions, patients were stratified into the
following five categories: fully adherent, defined as PDC >80% for Years
1-5 or until death; short-term-adherent, defined as PDC >80% for Years
1-3 only; early-adherent only, defined as PDC >80% for Year 1 only;
complex-adherent, defined as PDC >80% in any of Years 2-5, but not

Year 1; or non-adherent, defined as PDC <80% for Years 1-5 or until
death.

Outcomes

Clinical outcomes were ascertained in the patients who qualified for one
of the above five adherence categories. MACE was defined as all cause
death, Ml, and stroke. Additionally, follow-up coronary revascularizations
were assessed and included with MACE to define MACE+. Death
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Table 5 Multivariable hazard ratios among categories of statin adherence for the long-term outcomes of death, Ml,

stroke, CABG, and PCI

Fully adherent vs. non-adherent (referent) 0.39 (0.23-0.65)
0.71 (0.49-1.02)
1.05 (0.87-1.43)
0.73 (0.61-0.87)
1.81 (0.97-3.35)
2.69 (1.57-4.60)
1.85 (1.09-3.16)
0.98 (0.66—1.44)
1.45 (1.14-1.84)

<0.0001

Short-term adherent vs. non-adherent (referent)
Early-adherent only vs. non-adherent (referent)
Complex-adherent vs. non-adherent (referent)
Short-term adherent vs. fully adherent (referent)
Early-adherent only vs. fully adherent (referent)
Complex-adherent vs. fully adherent (referent)
Short-term adherent vs. complex-adherent (referent)
Early-adherent only vs. complex-adherent (referent)
P-trend

0.70 (0.47-1.05)
0.78 (0.52-1.18)
0.83 (0.64-1.06)
0.79 (0.65-0.97)

1.12 (0.64-1.95),

1.17 (0.74-1.85)
112 (0.73-1.73)
0.99 (0.64-1.54)
1.04 (0.78-1.40)
0.008

0.34 (0.13-0.92)
0.58 (0.29, 1.18)
0.65 (0.41-1.01)
0.81 (0.59-1.13)
1.71 (0.52-5.69)
1.90 (0.65-5.54)
2.40 (0.86-6.68)
071 (0.34-1.52)
0.79 (0.47-1.34)
0.001

0.82 (0.50-1.34)
0.89 (0.54-1.48)
0.73 (0.51-1.03)
0.84 (0.65-1.09)
1.09 (0.55-2.15)
0.89 (0.50-1.58)
1.02 (0.60-1.73)
1.06 (0.62-1.82)
0.87 (0.58-1.29)
0.09

0.80 (0.63-1.02
0.70 (0.53-0.93
0.81 (0.69-0.96
0.94 (0.82-1.07
0.88 (0.61-1.26
1.02 (0.77-1.35
1.17 (0.90-1.52
0.75 (0.56-1.01
0.87 (0.72-1.05
0.001

NS NN N N IS NN

Complex-adherent, PDC >80% in any of Years 2-5, but not Year 1; early-adherent only, PDC >80% for Year 1 only; fully adherent, PDC >80% for Years 1-5; non-adherent,
PDC <80% for Years 1-5; PDC, proportion of days covered; short-term adherent, PDC >80% for Years 1-3 only.

information was determined using a combination of electronic medical
records, Utah death certificate records, and the Social Security Master
Death File. ICD-9 and -10 codes were used to determine the occurrence
of a follow-up MI (ICD-9 code 410; ICD-10 codes: 121.x, 122.x, 123.x) and
stroke (ICD-9 code 433.x1 and 434.x1; ICD-10: 163.x). Revascularization
unrelated to the index event was defined as a percutaneous coronary
intervention or coronary artery bypass graft surgery occurring 60 days or
more post-index ASCVD event.

Statistical analysis

The analysis of variance and the y statistic were utilized to examine base-
line and clinical characteristic differences for continuous and discrete vari-
ables, respectively, among the PDC groups. Kaplan—Meier survival curves
and the log-rank test were utilized to determine initial associations of the
PDC categories with the outcomes. Cox proportional hazards regression
was utilized, adjusted by confounding factors, to determine the associ-
ation of a statin prescription at discharge to MACE (SPSS, version 22.0).
Logistic regression was utilized to determine significant predictors of fully
adherent. Final models entered significant (P<0.05) and confounding
covariables. The proportional hazards assumption was evaluated and
met. A P-value of <0.05 was considered significant.

Results

A total of 7339 patients qualified for preliminary analysis. PDC values
for all 5 years are shown in Table 1. Even during Year 1, adherence to
statin prescriptions was poor with PDC <20% in 4007 (54.6%)
patients and PDC >80% in only 1573 (21.4%) patients. Although al-
ready proportionately small in Year 1, the percent of patients with a
PDC >80% continued to decline significantly with each ensuing year.
Among the few patients with a PDC >80% in Year 1 (Table 2), the
proportion with a future PDC <20% rose each year, such that by
Year 5, nearly half of those initially fully adherent patients (44.3%) had
a PDC <20%, implying near complete discontinuation of treatment.
Baseline characteristics are shown in Table 3. Only 353 (4.8%)
patients were identified as fully adherent. These patients tended to
be younger, male, had a CAD index event compared to CVD or
PAD, and were hypertensive and hyperlipidaemic. Smokers were less

often adherent. Increased frequency of depression was associated
with lower adherence. Interestingly, baseline low density lipoprotein
cholesterol (LDL-C) levels were not predictive of adherence.

There was a significant stepwise increase in long-term MACE
events as patients became less adherent (Figure 1), with those classi-
fied as non-adherent having almost twice as many MACE events as
those classified as fully adherent. This trend was also seen for
MACE+, but it was not as pronounced. Those with complex adher-
ence patterns had similar event rates as early-adherers. While the fre-
quency of long-term CABG was non-significant between the PDC
groups, PCl was significantly different (Table 4). The frequency of the
long-term individual components of MACE+- is shown in Table 5.
The difference in the frequency of events among the PDC categories
was most pronounced for death and stroke.

The mean length of follow-up was 9.1+ 3.9 (median: 9.0) years,
which differed significantly among the four groups (Table 4), with
patients classified as complex-adherent having the longest follow-up
(10.0 + 3.9 years) and those classified as short-term adherent having
the shortest (8.2 3.1). Kaplan—Meier survival curves for (i) MACE,
(if) MACE+-, and (iii) death are shown in Figure 2. There was a distinct
MACE-free and survival-free advantage for those classified as fully ad-
herent. The addition of revascularization to MACE (MACE+,
Figure 2B) diminished the separation of the curves.

Multivariable hazard ratios for MACE and MACE+ are shown in
Figure 3. Compared to patients classified as non-adherent, those clas-
sified as fully adherent were associated with a significant decrease in
MACE risk [hazard ratio (HR)=0.51, 0.37-0.71]. When compared
with those classified as fully adherent, those classified as short-term
adherent, early-adherent only, and complex-adherent were associ-
ated with a 44%, 82%, and 47% increase in MACE risk, respectively.
Even with the addition of revascularization, those classified as fully ad-
herent, compared to those classified as non-adherent, had an associ-
ated significant decrease in MACE+ risk (HR=0.73, 0.60-0.90).
Table 5 shows the multivariable hazard ratios of the individual com-
ponents of MACE+. Increased adherence to statin prescriptions
were significantly associated with lower incidences of death, stroke,
MI, and PCI. Though not quite significant (P-trend = 0.09), CABG also
trended to show a decrease in risk with increased adherence.
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Figure 2 Kaplan—Meier survival curves among proportion of days
covered categories for (A) MACE, (B) MACE-+, and (C) death strati-
fied by fully adherent (blue line), short-term adherent (red line),
early-adherent (green line), complex-adherent (black line), and
non-adherent (orange line).

In order to evaluate the impact of long-term adherence with statin
therapy, patients had to have a PDC documented for 5 years or until
death (if died between Years 2 and 5 of follow-up). Therefore, we
evaluated 5-year outcomes (Supplementary material online, Table
S1). Increased statin adherence was associated with a significant de-
crease in the 5-year risk of MACE and its individual components,
which persisted even after adjustment by other covariables
(Supplementary material online, Table S2).

To determine which patient clinical factors were independently
associated with increased long-term adherence to statin therapy,
multivariable regression analysis was performed. Factors assessed
included age, sex, index ASCVD event, the comorbidities described
in Table 3, receiving a measurement of LDL-C at the time of the index

ASCVD event, and being on a statin prior to the ASCVD event. After
multivariable adjustment, significant predictors of full adherence
were younger age, male gender, white race, having an index CAD
(compared to CVD or PAD) event, no depression, and being on a
statin at the time of the index event (Supplementary material online,
Figure $2).

Discussion

National guidelines recommend that all patients with a diagnosis of
ASCVD, if tolerated, be placed on long-term statin therapy.
However, in the real world, this is not always successfully accom-
plished. In our 5-year observational study of newly diagnosed
ASCVD patients, all of whom were enrolled Intermountain
Healthcare’s Select Health medical and pharmacy benefits insurance
programme, several interesting observations were made. First, even
though all patients had recently experienced an index ASCVD event,
most of which included a hospitalization, and carried an insurance
policy that financially covered statin therapy, and had been prescribed
a statin during the first year after their index event, very few (4.8%)
were successful in remaining fully adherent during the entire five
years of follow-up. Second, of the 21.4% of patients who were initially
fully adherent (PDC >80%) to statin therapy during Year 1, almost
half stopped taking statins by the end of Year 5. Third, on a yearly
basis, most patients were either fully adherent, as defined by a PDC
>80%, or fully non-adherent, as defined by a PDC <20%. In other
words, patients either took their statins all the time, or they did not
take them at all. Fourth, longer term statin adherence was associated
with significantly lower rates of both 5-year and long-term MACE
rates, particularly for death and stroke, and some adherence was bet-
ter than none. Fifth, the patients most likely to remain fully adherent
with statin therapy during long-term follow-up were younger males
with a diagnosis of CAD who had already been on statin therapy be-
fore their index ASCVD event and did not have a prior diagnosis of
depression.

Why patients become non-adherent to their statin prescription is
likely complex, but further analysis of the temporal nature of statin
adherence in this study might provide clues. First, more than half of
all patients in the study had a PDC <20% during Year 1, of which half
had a PDC = 0 during follow-up (n =2040), which indicates that a sta-
tin prescription was never filled. Of those who did fill a statin pre-
scription, ~25% of those patients never filled a second one. This
implies that perhaps there remains in society a strong bias against sta-
tins as a class, such that many patients are afraid to try them even
after they have been diagnosed with ASCVD. It may be also that 25%
of all patients may experience some sort of side effect during their
first month of statin therapy, such that they choose to discontinue
use. The reasons for the continual gradual decline in statin adherence
in the remaining patients are not so clear. Some possible explanations
include (i) a delayed onset of adverse side effects; (i) the belief that
statins are only necessary temporarily after an ASCVD event; (iii) the
belief that being event-free for a few years guarantees an absence of
future events; (iv) the receipt of additional publicly available anti-sta-
tin information that convinces one to stop; (v) the belief that success-
ful lifestyle changes obviate the need for statin therapy; (vi) or simply
the belief that one is already taking too many medications and adding
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Figure 3 Forest plot of multivariable hazard ratios and 95% confidence interval for (A) MACE (P-trend<0.0001) and (B) MACE+ (P-
trend < 0.0001) among comparison of categories of PDC. Complex-adherent, PDC >80% in any of Years 2-5, but not Year 1; early-adherent only,
PDC >80% for Year 1 only; fully adherent, PDC >80% for Years 1-5; non-adherent, PDC <80% for Years 1-5; PDC, proportion of days covered;

short-term adherent, PDC >80% for Years 1-3 only.

another one of any kind may not be good. A recent study found that
early statin discontinuation increased with negative statin-related
news stories, calendar year, statin dose, ethnicity, and living in a city.17
Unfortunately, this study cannot address all these potential reasons
for poor statin adherence. However, one point regarding statin ad-
herence that is suggested by our results is that if patients continue to
take their statin, they are more likely to take it all the time rather than
just randomly. This is shown by the fact that most patients have a
yearly PDC of either <20% or >80%. This indicates that non-adher-
ence is likely a conscious decision, rather than just forgetting to take
the medication.

Although a relatively small proportion of the patients were suc-
cessful in remaining fully adherent to statin therapy for the full 5 years

of the study, those that did fared much better than those that did not.
Additionally, the longer patients remained adherent to statin therapy,
the better they did. This advantage appears to have persisted for up
to an additional 5 years after discontinuation of adherence monitor-
ing. This finding tends to confirm the previously published studies
that have demonstrated a legacy effect after some years of continu-
ous statin therapy. The finding that full, prolonged adherence to statin
therapy has a strong positive effect on death, MI, and stroke, but less
of an effect on future CABG or PCl is interesting. Although an obvi-
ous explanation for this finding is not immediately apparent, it may be
noteworthy that the same finding has been observed in other
randomized placebo-controlled statin trials of secondary preven-

tion, 1012

220z Aey 90 uo Jasn sseooy Jequisi\ DS Ag £9£9029/2SE/S/8/31911e/000blys/woo dnooiwepeose//:sdny woll pepeojumod



360

H.T. May et al.

Limitations

Although this observational study was performed within a closely
integrated healthcare system among only patients with documented
pharmacy benefits programme, it is possible that some patients chose
to fill their statin prescription without taking advantage of their phar-
macy benefits. However, during the study period most statins were
included on the Tier 1 low co-pay formulary and generic so were in-
expensive. Additionally, because the patients would likely need phar-
macy benefits for other more expensive prescribed medications, it is
unlikely that large numbers of patients would be taking statins not
accounted for in this health plans query. Since non-mortality out-
comes were ascertained in this study through query of the electronic
health record of Intermountain Healthcare, it is possible that some
these outcomes occurred at hospitals outside of Intermountain
Healthcare and therefore might not have been ascertained.
However, due to the well-captured nature of the population of
patients enrolled in Intermountain Healthcare and because all
patients had Select Health insurance that provides a financial incen-
tive to receive care at an Intermountain Healthcare institution, it is
not expected that many adverse events were missed. Finally, because
medication adherence data were only available on patients enrolled
into Select Health, whether these results may be applicable to other
patient groups, such as Medicare beneficiaries, is not known.
However, because having a Select Health pharmacy benefit essential-
ly eliminates any financial incentive for not taking one’s medications,
and because many other groups, such as Medicare beneficiaries, have
a less robust, or absent, pharmacy benefit plan, it seems unlikely that
other groups would show greater long-term statin adherence than
the group evaluated in this study. Another limitation of this study is
the possibility of residual confounding from not having information
on such things as socioeconomic status or area deprivation index,
negative statin-related news stories, or education.

Conclusion

Among ASCVD patients with 5 years of continuous pharmacy insur-
ance benefits or until death, long-term adherence to statins was asso-
ciated with decreased long-term MACE in a linear adherence-
dependent fashion. Although few-in-proportion, patients fully adher-
ent to statin therapy demonstrated a 49% reduction in the incidence
of MACE compared to those who were non-adherent. Additionally,
this study showed that some adherence is better than none.
Improving adherence is complex, yet these results demonstrate a sig-
nificant clinical benefit to persistent long-term adherence to statin
therapy.

Supplementary material

Supplementary material is available at European Heart Journal — Quality
of Care and Clinical Outcomes online.
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