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ABSTRACT

Introduction: The 2021 Canadian Cardiovas-
cular Society (CCS) guidelines recommend
intensive low-density lipoprotein cholesterol
(LDL-C) reduction for patients with atheroscle-
rotic cardiovascular disease (ASCVD). For
patients above LDL-C threshold on maximally
tolerated statins, adding ezetimibe and/or a
proprotein convertase subtilisin/kexin type 9
inhibitor (PCSK9i) is recommended. This pop-
ulation-based, real-world study examined

cardiovascular (CV) events in patients with
ASCVD who are on statins and above current
guideline threshold LDL-C levels.
Methods: Using administrative health data in
Alberta, Canada, we identified patients with
myocardial infarction (MI), ischemic stroke (IS),
or peripheral artery disease with LDL-
C[1.8 mmol/L on statins between April 1,
2010 and March 31, 2016. Exploratory sub-
groups included very high-risk patients with
ASCVD shown to derive the most benefit from
PCSK9i intensification as identified by the CCS
guidelines, including those with acute coronary
syndrome (ACS) or recent MI. Frequencies and
rates of individual and composite CV events
(primary outcome: MI, IS, hospitalization for
unstable angina, coronary revascularization,
cardiovascular death; secondary outcome: MI,
IS, CV death) were calculated over follow-up.
Results: The study included 32,984 patients
with a mean (standard deviation) follow-up of
40.8 (21.0) months. Overall, 17.7% and 15.6%
experienced a primary and secondary outcome,
respectively, with rates of 5.58 and 4.83 per 100
patient-years, respectively. CV death and MI
were the most common events. Subgroups with
recurrent MI and comorbid diabetes exhibited
higher CV event rates (23.6% and 22.2% had a
primary outcome, respectively). Rates of CV
events were notably high in patients with ACS
or recent MI (49.4% and 54.0% had a primary
outcome, respectively).
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Conclusion: This real-world study confirms
that statin-treated high-risk patients with
ASCVD and above-threshold LDL-C levels have
substantial incidence of recurrent CV events.
These findings reinforce the opportunity for
lipid-lowering therapy intensification in high-
risk patients to levels below guideline-recom-
mended threshold in order to reduce CV risk.

Keywords: Atherosclerotic cardiovascular dis-
ease; Cardiovascular events; Acute coronary
syndrome; Acute myocardial infarction

Key Summary Points

Why carry out this study?

Patients with atherosclerotic cardiovascular
disease (ASCVD) have high morbidity and
mortality, and a continued focus on
developing effective prevention and
management strategies to mitigate its
impact on patients is required.

The purpose of this study was to quantify the
risk of cardiovascular (CV) events in real-
world, patients with stable ASCVD and low-
density lipoprotein cholesterol (LDL-C)
levels above the guideline-recommended
threshold, despite statin therapy.

What was learned from the study?

The study identified that patients with
stable ASCVD and LDL-C levels above
currently recommended thresholds on statin
therapy have a high risk of CV outcomes,
with CV death and myocardial infarction
being the most frequent CV events.

The study reiterates the need for intensifying
lipid-lowering therapy, particularly in very
high-risk subgroups, to reduce the risk of CV
events in patients with stable ASCVD and
LDL-C levels above guideline-recommended
threshold on statin therapy.

INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD)
remains a leading cause of morbidity and mor-
tality in Canada, despite diagnostic and treat-
ment advances [1, 2]. In the province of Alberta,
Canada, the 5-year prevalence of ASCVD was
recently estimated at 8.99% (or 89.9 per 1000
persons), highlighting the disease’s significant
burden on the population [1]. The persistence
of ASCVD as a leading cause of morbidity and
mortality necessitates a continued focus on
developing effective prevention and manage-
ment strategies to mitigate its impact on
patients.

The most recent Canadian Cardiovascular
Society (CCS) guidelines for the management of
dyslipidemia (2021) highlight the importance
of intensively lowering low-density lipoprotein
cholesterol (LDL-C) in patients with ASCVD to
decrease the risk of cardiovascular (CV) events
[3]. Further, in patients treated with the maxi-
mally tolerated dose of statin and LDL-C level
above the threshold of 1.8 mmol/L, the addi-
tion of non-statin lipid-lowering therapies
(LLTs) is recommended. For patients with LDL-
C levels between 1.8 and 2.2 mmol/L, the rec-
ommended addition to statin treatment is eze-
timibe and/or a protein convertase subtilisin/
kexin type 9 serine protease inhibitor (PCSK9i),
while in patients with LDL-C levels above
2.2 mmol/L, PCSK9i are recommended with or
without ezetimibe. The CCS guidelines addi-
tionally identify high-risk patients shown to
derive the largest absolute benefit from LLT
intensification with a PCSK9i. They include
patients with acute coronary syndrome (ACS),
diabetes mellitus, recurrent myocardial infarc-
tion (MI), MI in the past 2 years, and LDL-C of
2.6 mmol/L or above, among others [3].

Clinical trial evidence from the Further Car-
diovascular Outcomes Research with PCSK9
Inhibition in Subjects with Elevated Risk
(FOURIER) [4] and ODYSSEY OUTCOMES [5]
studies have demonstrated the reduced risk of
CV outcomes with PCSK9i added to statin
therapy in patients with ASCVD. Subgroup
analyses from both trials have identified greater
absolute risk reduction in CV events in patients
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with very high baseline CV risk, such as those
with recent or recurrent MI, prior coronary
artery bypass graft surgery, and diabetes [6–10].
However, as few studies have investigated CV
outcomes in real-world diverse populations of
high- and very high-risk patients with ASCVD
treated with statins who remain above the LDL-
C threshold of 1.8 mmol/L [11, 12], the objec-
tive of this study was to estimate the real-world
rate and frequency of CV events in this popu-
lation. Additionally, an exploratory objective
aimed to further assess CV events among several
of the very high-risk ASCVD subgroups identi-
fied by the CCS guidelines.

METHODS

Study Design and Population

A retrospective observational cohort study was
conducted using administrative health data in
Alberta, Canada. The study population included
adult Albertan residents who met the FOURIER
trial inclusion and exclusion criteria [4]
between April 1, 2010 and March 31, 2016
(Fig. 1; case ascertainment period) with at least
1 year of pre-index and 1 year of follow-up data.
Within the case ascertainment period, patients
aged 40–85, with MI, ischemic stroke (IS), or
peripheral arterial disease (PAD) were indexed
on April 1, 2011 or every 2.5 years after (October
1, 2013 or April 1, 2016), based on when
inclusion criteria were met. Patients then had

variable follow-up periods between April 1,
2011 and March 31, 2018 to evaluate CV events
of interest. Included patients required an LDL-C
test of at least 1.8 mmol/L or non-HDL-C test of
at least 2.6 mmol/L prior to the index date while
on moderate/high intensity statin therapy (see
Supplementary Material Table 1 for the full
inclusion criteria including definition of risk
factors). Patients were excluded [4] if they
experienced an MI or IS within 4 weeks of their
index date, had a known history of hemorrhagic
stroke (defined previously [11, 13]), had previ-
ously received any major organ transplant, or
had a prescription dispensation for a PCSK9i
prior to their index date. Patients were censored
from follow-up at the point of receiving a
PCSK9i prescription dispensation if this occur-
red during the follow-up period.

Exploratory Subgroups

Subgroups of interest were pre-defined for the
exploratory objective, focusing on patients with
ASCVD considered to be very high CV risk as
defined in the 2021 CCS guidelines [3]. This
included patients with diabetes mellitus, recur-
rent MI, MI in the past 2 years, and LDL-C of
2.6 mmol/L or above (most recent test prior to
index date) despite stain therapy (Supplemen-
tary Material Table 2). The very high-risk sub-
groups of ACS and recent MI were considered
separately as they were defined as patients who
had an ACS event (MI or unstable angina [UA])
during the follow-up period and were re-

Fig. 1 Retrospective cohort study design

Cardiol Ther (2024) 13:205–220 207



indexed on this date to assess additional CV
outcomes; the patients with recent MI were a
subset of the ACS subgroup.

Data Sources

The study utilized the following datasets from
Alberta Health and Alberta Precision Laborato-
ries: (1) National Ambulatory Care Reporting
System (NACRS), including facility-based
ambulatory care information on diagnostic and
procedure codes (e.g., emergency department
[ED] visits); (2) Discharge Abstract Database
(DAD), including inpatient hospitalizations and
diagnostic and procedure intervention codes;
(3) Alberta Precision Laboratories dataset,
including laboratory tests and results; (4) Pop-
ulation Registry, including demographic and
geographic data; (5) Pharmaceutical Informa-
tion Network (PIN) dataset, including prescrip-
tion dispense information regardless of payer;
(6) Practitioner Claims, including provider
claims data for insured health services; and (7)
Vital Statistics, reporting date and cause of
death information.

The study complies with the Declaration of
Helsinki and was approved by the Health
Research Ethics Board of Alberta–Community
Health Committee (HREBA-CHC). Patient con-
sent for participation was waived.

Study Variables

Patient characteristics including age and sex at
index date and baseline LLTs (statins/ezetimibe)
within the 12 months prior were assessed. Lipid
values at baseline were the most recent test
prior to index date and within 12 months.
Clinical history was derived on the basis of
diagnosis and procedure codes for MI, IS, PAD,
diabetes, non-MI related coronary revascular-
ization procedure, coronary artery disease, and
metabolic syndrome prior to index date (as
defined in Supplementary Material Table 1). CV
outcomes (individual and composite) following
index date were examined using inpatient hos-
pitalizations only, except for CV death, which
was extracted from inpatient deaths, ED deaths,
and Vital Statistics. The average follow-up time

was calculated. Individual CV outcomes inclu-
ded MI, IS, hospitalization for UA, coronary
revascularization, and CV death as defined in
Supplementary Material Table 2. Composite CV
outcomes were categorized into primary (MI, IS,
hospitalization for UA, coronary revasculariza-
tion, and CV death) and secondary (MI, IS, and
CV death).

Statistical Methods

Patient characteristics were summarized
descriptively. CV outcomes within the follow-
up period were described as frequencies, pro-
portions, and rates (per 100 patient-years with
95% confidence intervals [CI]) for first individ-
ual CV events and the primary and secondary
composite outcomes. Composite outcome rates
were based on the first outcome of any type
within the composite category for each patient.

The total number and rates of all CV events
(per 100 patient-years) during the follow-up
period were also calculated for individual out-
comes (i.e., the count of each type of event
following index) and composite outcomes (the
count of all types of events following index).
Events of the same type required a minimum of
30 days between events to be considered as two
separate events. A subsequent CV event of a
different type was counted as a new event even
if it occurred within 30 days of the previous
event. If the subsequent event was a revascu-
larization procedure, a minimum of 30 days
must have passed for the second revasculariza-
tion procedure to be considered a separate event
regardless of the type of the first CV event.

Similar analyses were conducted for the
exploratory subgroups, which were not mutu-
ally exclusive. For the ACS and recent MI sub-
groups, patients were re-indexed on the first
ACS event (MI or UA) date during the follow-up
period and followed from the re-index date to
estimate additional CV outcome rates.

All statistical analyses, including data clean-
ing, linkage, cohort derivation and analysis,
were conducted in SAS 9.4�.
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RESULTS

Study Cohort and Patient Characteristics

The study cohort consisted of 32,984 patients
with a mean (standard deviation [SD]) follow-up
time of 40.8 (21.0) months, approximately
3.4 years (Fig. 2). The mean (SD) age was 68.2
(10.5) years and 34.4% were female (Table 1). At
index date, 60.0% (n = 19,801) of patients were
on a high-intensity statin, while 40.0%
(n = 13,183) were on a moderate-intensity sta-
tin. Only 6.0% (n = 1968) of patients received
ezetimibe. No patients were excluded as a result
of PCSK9i use prior to index date, and less than
1% (n = 38) of patients were prescribed a PCSK9i
during follow-up (data not shown; patients
were censored from follow-up at time of PCSK9i
initiation). The mean (SD) LDL-C level of the
study cohort was 2.08 (0.94) mmol/L (median
(interquartile range, IQR) 1.88

(1.42–2.55) mmol/L). While qualifying events
described are not mutually exclusive, MI was
the most common qualifying event in the study
cohort (54.7%), and among these, 26.8% of MI
occurred within 6 months of index date. Stroke
was the second most common at 40.3%; 25.7%
of these occurred within 6 months of index
date. Diabetes was prevalent at 43.9% as was
history of non-MI-related coronary revascular-
ization procedure (42.0%).

CV Outcomes in the Study Cohort

Over the follow-up period, 17.7% (n = 5836) of
patients had a first primary and 15.6%
(n = 5143) had a first secondary outcome,
which corresponded to incidence rates (95% CI)
of 5.58 (5.44–5.73) and 4.83 (4.69–4.96) per 100
patient-years, respectively (Fig. 3). The total CV
event rates (95% CI) over the follow-up period
for primary and secondary outcomes were 8.63

Fig. 2 Cohort flow diagram. ACS acute coronary syn-
drome, AH Alberta Health, ASCVD atherosclerotic
cardiovascular disease, CABG coronary artery bypass graft,
FOURIER further cardiovascular outcomes research with
PCSK9 inhibition in subjects with elevated risk, IS
ischemic stroke, LDL-C low-density lipoprotein

cholesterol, MI myocardial infarction, PAD peripheral
arterial disease, PCSK9i proprotein convertase subtilisin/
kexin type 9 serine protease inhibitors, UA unstable angina.
aSubgroups are not mutually exclusive. bRecent MI is a
subgroup of the ACS group
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Table 1 Patient characteristics at the index date for the overall cohort

Baseline characteristic Overall study cohort
n = 32,984

Mean (SD) age in years 68.2 (10.5)

Age (years), %

\ 55 12.4

55 to\ 65 21.4

C 65 66.2

Female, % 34.4

Lipid treatments received at index, %

Moderate-intensity statin 40.0

High-intensity statin 60.0

Ezetimibe 6.0

Lipids

LDL-C (mmol/L)a, n = 32,981

Mean (SD) 2.08 (0.94)

Median (IQR) 1.88 (1.42–2.55)

Non-HDL-C (mmol/L)a, n = 32,983

Mean (SD) 2.78 (1.05)

Median (IQR) 2.57 (2.03–3.33)

Triglycerides (mmol/L)a, n = 32,981

Mean (SD) 1.54 (0.76)

Median (IQR) 1.36 (0.99–1.90)

Any LDL-C test C 1.8 mmol/L, % 97.5

Any non-HDL-C test C 2.6 mmol/L, % 94.5

Most recent LDL-C test[ 3.4 mmol/L, % 10.4

Most recent HDL-C test\ 1.0 mmol/L (men) or\ 1.3 mmol/L (women), % 47.9

Most recent non-HDL-C test[ 4.1 mmol/L, % 12.1

Clinical historyb, %

Diagnosis of MI 54.7

Diagnosis of IS 40.3

Diagnosis of PAD 17.0

Diabetes 43.9

If qualifying with MI, n = 18,054, %

History of ISc 6.0
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(8.46–8.81) and 6.58 (6.43–6.73) per 100
patient-years, respectively. The most frequently
identified individual types of CV events were
CV death (n = 2862; 8.7%) and MI (n = 2185;
6.6%), corresponding to rates (95% CI) of 2.56
(2.46–2.65) and 2.02 (1.94–2.11) per 100
patient-years, respectively (Supplementary
Material Table 3). When considering total indi-
vidual CV events over follow-up, the highest
rate (95% CI) was observed for MI at 2.80
(2.70–2.90) per 100 patient-years.

Exploratory Analysis of Very-High Risk
ASCVD Subgroups

The very high-risk subgroups of interest inclu-
ded diabetes mellitus (n = 13,415), recurrent MI
(n = 9603), MI in past 2 years (n = 14,709), and
patients with the most recent LDL-C test result
prior to index date of 2.6 mmol/L or above
(n = 7780). At index date, the mean age was
comparable across high-risk ASCVD subgroups
of interest (Table 2). A higher proportion of

Fig. 3 Rates per 100 patient years of first and total CV
events during follow-up for the overall cohort. CV
cardiovascular, IR incidence rate, IS ischemic stroke, MI
myocardial infarction, aPrimary outcome was defined as
CV death, MI, IS, hospitalization for unstable angina, or
coronary revascularization. bSecondary outcome was
defined as CV death, MI, IS. IRs are written as IR (95%
confidence interval)

Table 1 continued

Baseline characteristic Overall study cohort
n = 32,984

History of PADc 5.1

MI within 6 months of index datec 26.8

If qualifying with IS, n = 13,308, %

History of MId 9.5

History of PADd 5.2

IS within 6 months of index dated 25.7

History of non-MI related coronary revascularization procedure 42.0

History of coronary artery disease 5.3

HDL-C high-density lipoprotein cholesterol, IQR interquartile range, IS ischemic stroke, LDL-C low-density lipoprotein
cholesterol, MI myocardial infarction, PAD peripheral arterial disease, SD standard deviation, UA unstable angina
aAll analyses are based on patients with an available lab test. For inclusion into study, patients needed any LDL-C
test C 1.8 mmol/L OR non-HDL-C C 2.6 mmol/L prior to index date while on moderate/high intensity statin therapy.
Therefore, patients could have non-HDL-C value and not have an LDL-C value. Baseline characteristics are based on the
most recent available test prior to index date unless otherwise specified
bRows below clinical history are not mutually exclusive
cPercentages are based on the denominator of the subgroup ‘‘If qualifying with MI’’
dPercentages are based on the denominator of the subgroup ‘‘If qualifying with IS’’
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Table 2 Population characteristics at index date for the very high-risk ASCVD subgroups as defined by the CCS guidelines
[3]

Baseline characteristic Very high-risk ASCVD Subgroups

Diabetes Recurrent MI MI in the past
2 years

LDL-
C ‡ 2.6 mmol/L

n = 13,415 n = 9603 n = 14,709 n = 7780

Mean age (SD) 67.4 (10.3) 65.5 (11.1) 65.8 (10.9) 66.4 (11.0)

Age (years), %

\ 55 12.5 18.4 17.7 16.5

55 to\ 65 25.9 27.4 25.9 25.4

C 65 61.5 54.1 56.4 58.1

Female, % 33.6 28.9 28.7 39.5

Lipid treatments received at index, %

Moderate-intensity statin 40.3 20.7 21.2 45.1

High-intensity statin 59.7 79.3 78.8 54.9

Ezetimibe 7.2 5.6 6.1 6.5

Lipids

LDL-C (mmol/L)a, n with a test 13,413 9603 14,708 7780

Mean (SD) 1.91 (0.88) 2.04 (0.97) 1.98 (0.93) 3.46 (0.71)

Median (IQR) 1.76

(1.31–2.32)

1.84

(1.35–2.56)

1.78 (1.33–2.44) 3.30 (2.91–3.83)

Non-HDL-C (mmol/L)a, n with a

test

13,415 9602 14,708 7779

Mean (SD) 2.68 (1.00) 2.74 (1.08) 2.68 (1.05) 4.25 (0.83)

Median (IQR) 2.49

(1.98–3.16)

2.51

(1.94–3.35)

2.46 (1.92–3.23) 4.11 (3.63–4.71)

Triglycerides (mmol/L)a, n with a

test

13,413 9603 14,708 7780

Mean (SD) 1.68 (0.81) 1.53 (0.75) 1.53 (0.76) 1.74 (0.78)

Median (IQR) 1.50

(1.08–2.10)

1.36

(0.99–1.90)

1.35 (0.97–1.89) 1.59 (1.17–2.15)

ASCVD atherosclerotic cardiovascular disease, CCS Canadian Cardiovascular Society, HDL-C high-density lipoprotein
cholesterol, IQR interquartile range, LDL-C low-density lipoprotein cholesterol, MI myocardial infarction, SD standard
deviation
aAnalyses are based upon patients with an available lab test. For inclusion, study patients needed any LDL-C
test C 1.8 mmol/L OR non-HDL-C C 2.6 mmol/L prior to index date while on moderate/high intensity statin therapy.
Therefore, patients could have a non-HDL-C value and not have an LDL-C value. Baseline characteristics are based on the
most recent available test prior to index date unless otherwise specified
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patients in the recurrent MI (79.3%) and MI in
the past 2 years (78.8%) subgroups were
observed to be on high-intensity statins com-
pared to the overall cohort (Table 1), although
no statistical testing was performed.

In Fig. 4, the rates of primary and secondary
outcomes for subgroups of patients with MI in
the past 2 years or LDL-C of 2.6 mmol/L or
above were similar to the overall cohort (Fig. 3),
whereas, for patients with comorbid diabetes or
recurrent MI, rates were higher (primary out-
come (95% CI) 7.40 (7.14–7.67) and 6.83
(6.55–7.11) per 100 person-years, respectively;
secondary outcome (95% CI 6.51 (6.26–6.76)
and 5.62 (5.37–5.87) per 100 person-years,
respectively). The total primary outcomes over
follow-up reflected a similar pattern. When
assessing the individual CV events, MI and CV
death rates were the highest (Supplementary
Material Table 4). In addition, the highest rates
of coronary revascularization were in patients
with recurrent MI (rate (95% CI) 2.11

(1.96–2.26) per 100 patient-years for total
events over follow-up).

Exploratory Analysis of Very-High Risk
ACS and Recent MI Subgroups

The additional very high-risk subgroups based
on MI or UA events occurring during the follow-
up period included patients with ACS
(n = 2691) and recent MI (n = 2185). Patient
characteristics of the ACS and recent MI sub-
groups at baseline were similar to the overall
study cohort (Table 3). However, ezetimibe use
was slightly higher in these subgroups com-
pared to the overall cohort (9.1% for ACS, 8.7%
for recent MI vs. 6.0%). In the ACS subgroup,
49.4% of patients experienced an additional
primary outcome following the re-index date,
corresponding to a rate (95% CI) of 38.41
(36.40–40.53) per 100 patient-years, and 44.4%
experienced an additional secondary outcome
(rate of 31.01 [29.30–32.81] per 100 patient-

Fig. 4 Rates per 100 patient years of CV events for the
very high-risk subgroups. ASCVD atherosclerotic cardio-
vascular disease, CV cardiovascular, IR incidence rate, IS
ischemic stroke, LDL-C low-density lipoprotein choles-
terol, MI myocardial infarction. aIncludes type 1 and

type 2 diabetes. bPrimary outcome was defined as CV
death, MI, IS, hospitalization for unstable angina, or
coronary revascularization. cSecondary outcome was
defined as CV death, MI, IS. IRs are written as IR (95%
confidence interval)
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years) (Fig. 5).The highest proportions and rates
of CV events were observed in the recent MI
subgroup, where 54.0% of patients experienced
an additional primary outcome following the
re-index date, with a rate (95% CI) of 47.73

(45.08–50.53) per 100 patient-years. The addi-
tional secondary outcome (95% CI) was also
high at 43.27 (40.82–45.86) per 100 patient
years.

Table 3 Population characteristics at the index date for very high-risk ASCVD subgroups (ACS and recent MI) as defined
by the CCS guidelines [3]

Baseline characteristic Very high-risk ASCVD subgroups

ACS (MI or UA) Recent MI
n = 2691 n = 2185

Mean (SD) age in years 68.2 (10.9) 68.9 (10.8)

Age (years), %

\ 55 13.2 12.0

55 to\ 65 22.9 22.1

C 65 63.8 65.9

Female, % 31.5 31.7

Lipid treatments received at index, %

Moderate-intensity statin 37.7 39.5

High-intensity statin 62.3 60.5

Ezetimibe 9.1 8.7

Lipids

LDL-C (mmol/L)a, n with a test 2691 2185

Mean (SD) 2.16 (0.97) 2.17 (0.97)

Median (IQR) 1.95 (1.50–2.68) 1.97 (1.51–2.68)

Non-HDL-C (mmol/L)a, n with a test 2691 2185

Mean (SD) 2.91 (1.08) 2.92 (1.08)

Median (IQR) 2.68 (2.14–3.49) 2.71 (2.16–3.49)

Triglycerides (mmol/L)a, n with a test 2691 2185

Mean (SD) 1.65 (0.83) 1.65 (0.83)

Median (IQR) 1.44 (1.05–2.07) 1.43 (1.05–2.06)

ACS acute coronary syndrome, ASCVD atherosclerotic cardiovascular disease, CCS Canadian Cardiovascular Society, HDL-
C high-density lipoprotein cholesterol, IQR interquartile range, LDL-C low-density lipoprotein cholesterol, MI myocardial
infarction, SD standard deviation, UA unstable angina
aAnalyses are based on patients with an available lab test. For inclusion into study, patients needed any LDL-C
test C 1.8 mmol/L OR non-HDL-C C 2.6 mmol/L prior to index date while on moderate/high intensity statin therapy.
Therefore, patients could have non-HDL-C value and not have an LDL-C value. Baseline characteristics are based on the
most recent available test prior to index date unless otherwise specified
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When total additional CV outcomes were
considered in the ACS and recent MI subgroups,
there were high primary outcome rates (95% CI)
of 47.62 (45.77–49.55) and 56.90 (54.57–59.33),
and secondary outcome rates (95% CI) of 35.13
(33.54–36.79) and 44.75 (42.69–46.91) per 100
patient-years, respectively. The additional indi-
vidual CV events are described in Supplemen-
tary Material Table 5, where total rates of MI
and CV death were the highest individual
reported outcomes over the study period (total
individual events).

DISCUSSION

Our study investigated a Canadian cohort of
patients with ASCVD and a history of MI, IS, or
PAD, and LDL-C above the current recom-
mended threshold on moderate-high intensity
statin therapy, making them high-risk for sub-
sequent CV events. Patients had a mean LDL-C
value of 2.08 mmol/L, which is also above the
previous guidelines’ goal of less than 2.0 mmol/

L [14–16], and above the current recommended
threshold of 1.8 mmol/L [3]. Results demon-
strated that CV outcome rates were high for this
cohort of patients with ASCVD, and patients
continued to experience high total CV outcome
rates during the follow-up period. Exploratory
subgroup analyses of very high-risk patients
with ASCVD identified in the recent CCS
guidelines [3] revealed higher CV event rates in
patients with recurrent MI and comorbid dia-
betes compared to the overall cohort. Further-
more, patients with ACS and recent MI had very
high rates of additional CV outcomes over time,
reinforcing the very high risk of recurrent
events. MI and CV death were the most com-
mon individual CV events over follow-up, in
the overall population and across all very high-
risk subgroups. Our findings highlight the
sobering high morbidity and mortality rates for
patients with ASCVD who remain above rec-
ommended LDL-C threshold, despite statin
treatment.

Fig. 5 Rates per 100 patient years of additional CV events
for the very high-risk sub-groups: ACS and recent MI. ACS
acute coronary syndrome, CV cardiovascular, IR incidence
rate, IS ischemic stroke,MImyocardial infarction. aPrimary

outcomewas defined asCVdeath,MI, IS, hospitalization for
unstable angina, or coronary revascularization. bSecondary
outcome was defined as CV death, MI, IS. IRs are written as
IR (95% confidence interval)
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The evidence linking reduction in LDL-C to
subsequent reduction in CV outcomes has
increased substantially over time [17], leading
to global adoption of guidelines further lower-
ing recommended thresholds/targets of LDL-C
in patients with ASCVD [18, 19]. The lower LDL-
C threshold for the use of additional lipid low-
ering drugs of 1.8 mmol/L has recently been
recommended by the CCS to reduce CV risk in
patients with ASCVD already receiving maxi-
mally tolerated statin [20]. Evidence contribut-
ing to this recommendation includes CV
outcome clinical trials with non-statin therapies
such as ezetimibe (IMPROVE-IT) [21] and
PCSK9is (FOURIER [4, 6, 22] and ODYSSEY
OUTCOMES [5, 23]). These trials demonstrated
the CV benefit of non-statin therapies when
added to statin in secondary prevention
patients compared to placebo-treated patients.
In the FOURIER trial, whose patient character-
istics are emulated in our study, the addition of
evolocumab to statin therapy resulted in a rapid
and sustained reduction in LDL-C down to
levels lower than previously reported in other
lipid-lowering trials (median achieved LDL-C
0.78 mmol/L). Event rates were 9.8% and 11.3%
in the evolocumab and placebo-treated groups,
respectively, for the primary endpoint (a com-
posite of CV death, MI, stroke, hospitalization
for UA, or coronary revascularization), resulting
in significant reduction in CV events (20% rel-
ative risk reduction in the composite of CV
death, MI and stroke; p\0.001) [4]. A linear
relationship between achieved LDL-C and
reduction in CV events was also established
[24]. Long-term follow-up with PCSK9i treat-
ment has reinforced this concept [25]. This
current analysis captures a similar patient pop-
ulation to the FOURIER study and demon-
strates, in a real-world population, the high
morbidity and mortality that occurs in these
high-risk patients in an era where PCSK9i
treatment was not available.

Despite this growing body of evidence, a
large care gap still exists in Canada. A recent
analysis in Alberta found that 53% of patients
with ASCVD and 30% of patients with acute MI
were not treated with a statin; less than 3% were
treated with ezetimibe [1]. In a population-
based cohort of post-percutaneous coronary

intervention (PCI) patients in Ontario, over
40% of patients with an LDL-C test remained
above 1.8 mmol/L 6 months post-PCI [12]. This
was correlated with a significantly higher risk of
CV outcomes, which increased the further away
from the threshold that patients were [12].
Further, in an analysis of very high-risk patients
with recent ACS in Alberta, approximately 80%
of patients had an LDL-C above 1.8 mmol/L or
non-HDL-C above 2.6 mmol/L within 90 days
post-discharge [26]. The authors determined
that approximately 40% of the patients assessed
in this real-world cohort would have been eli-
gible for treatment intensification with PCSK9i,
which could have reduced their risk of further
CV events [26]. Indeed, a recent analysis in a
post-MI population found that the proportion
of patients achieving below the 1.8 mmol/L
threshold increased by 77.7% in patients treated
with statins and PCSK9i in combination after
their MI [27]. This was substantially higher than
in patients treated with ezetimibe and statin
(45.4%) or with high-intensity statin alone
(32.4%) [27]. Taken together, these results reit-
erate the urgent need to further reduce residual
LDL-C-related risk in Canadian patients with
ASCVD and support clinical guidelines
[3, 18, 19] for therapeutic intensification with
non-statin therapies in patients who are unable
to attain LDL-C recommended thresholds on
statin therapy alone.

In our study, of patients with LDL-C or non-
HDL-C level above guideline-recommended
thresholds, despite being on moderate to high-
intensity statins, ezetimibe use was very low. As
a result of the inclusion criteria, the median
LDL-C was 1.88 (IQR 1.42–2.55) mmol/L in this
cohort and approximately half of these patients
had an LDL-C above the currently recom-
mended 1.8 mmol/L. We demonstrated that
over the course of follow-up (mean of
41 months), approximately 1 in 5 patients
experienced a CV event and nearly 1 in 10 died.
This risk is amplified among the very high-risk
subgroups in this cohort; patients with ACS and
recent MI were identified as having the highest
risk of recurrent CV events, with both higher
proportions and rates of additional events over
follow-up. Notably, approximately half of
patients with ACS and recent MI experienced
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additional CV events, while approximately one-
quarter of patients experienced CV death. These
results highlight that patients with ACS and
recent MI require swift and intensive LDL-C
intervention to reduce CV morbidity and mor-
tality. The addition of evidence-based non-sta-
tin therapies in line with current Canadian
guideline recommendations has the potential
to decrease the impact of this care gap. Indeed,
this significant reduction in events has been
demonstrated with PCSK9is in ODYSSEY OUT-
COMES (a 1–12-month post-ACS population)
and in a pre-specified analysis of patients with
recent MI (\12 months) in FOURIER [5, 6].
Future research should focus on better under-
standing how to optimize non-statin therapy
use in very high-risk patients with ASCVD,
particularly those with ACS and recent MI.

Our study had the strength of examining a
large, trial-like population of patients identified
with ASCVD in Alberta, Canada; however, some
limitations should be considered. First, admin-
istrative data are not collected specifically for
research; rather, they are for billing, monitor-
ing, and hospital administrative purposes. This
may have introduced potential misclassification
bias of the study cohort and CV outcomes due
to incorrect ICD coding and lack of indepen-
dent adjudication. CV events were assessed on
the basis of inpatient or ED deaths, and Vital
Statistics, but as a result of the lag time in the
Vital Statistics dataset for out-of-hospital death,
rates of CV deaths at the end of our study period
may be underestimated. Additionally, adminis-
trative health data do not include certain
patient and clinical characteristics such as life-
style factors and behaviors (e.g., smoking),
which can impact CV event rates. There are
other residual risk factors for CV outcomes
including other lipoproteins (i.e., lipopro-
tein(a), triglycerides), inflammatory risk factors,
and smoking, which were not assessed in this
analysis. Testing of lipids was not done in a
central laboratory, which could lead to vari-
ability. Furthermore, the use of a fixed index
date could potentially exclude patients who
died prior to the three fixed index dates, leading
to a reduced sample size and potential selection
bias. Another limitation is that the study
focused on LDL-C/non-HDL-C levels at

baseline; these were not examined over time.
Our study also did not track LLTs over time,
only at baseline, where the potential of non-
adherence or removal of statin/ezetimibe ther-
apy could have inflated incidence rates. Statins
could also have been uptitrated, or ezetimibe
added, which may have reduced CV outcome
rates over time. Finally, other secondary pre-
vention medications were not captured at
baseline or during follow-up.

CONCLUSION

Results from our study provide important real-
world evidence of the high rates of CV out-
comes among patients with stable ASCVD who
remain above guideline-recommended LDL-C
thresholds despite statin therapy in Alberta,
Canada. The high incidence of CV events, par-
ticularly MI and CV death, underscores the
urgent need to reduce LDL-C levels below
guideline thresholds to reduce morbidity and
mortality, especially in patients with ACS or
recent MI. These findings highlight the impor-
tance of implementing the newest CCS guide-
line recommendations to optimize non-statin
therapy to reduce the risk of CV outcomes in
this patient population.
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14. Anderson TJ, Grégoire J, Pearson GJ, et al. 2016
Canadian Cardiovascular Society guidelines for the
management of dyslipidemia for the prevention of
cardiovascular disease in the adult. Can J Cardiol.
2016;32(11):1263–82.
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