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ABSTRACT

Objective To estimate the extent of suboptimal statin
use for the secondary prevention of atherosclerotic
cardiovascular disease (ASCVD) at different stages of the
treatment pathway and identify patient groups at risk of
suboptimal treatment.

Methods National retrospective cohort study using
linked National Health Service Scotland administrative
data of adults hospitalised for an ASCVD event (n=167
978) from 2009 to 2017. Proportions of patients
initiating, adhering to, discontinuing and reinitiating
statins were calculated. We separately examined
treatment following myocardial infarction (MI),
ischaemic stroke and peripheral arterial disease (PAD)
hospitalisations. Multivariable logistic regression and
Cox proportional hazards models were used to assess
the roles of patient characteristics in the likelihood of
initiating and discontinuing statins.

Results Of patients hospitalised with ASCVD, only
81% initiated statin therapy, 40% of whom used high-
intensity statin. Characteristics associated with lower
odds of initiation included female sex (28% less likely
than men), age below 50 years or above 70 years (<50
year-olds 26% less likely, and 70-79, 80-89 and =90
year-olds 22%, 49% and 77% less likely, respectively,
than 60—69 year-olds), living in the most deprived areas
and history of mental health-related hospital admission.
Following MI, 88% of patients initiated therapy
compared with 81% following ischaemic stroke and
75% following PAD events. Of statin-treated individuals,
24% discontinued treatment. Characteristics associated
with discontinuation were similar to those related to
non-initiation.

Conclusions Statin use remains suboptimal for the
secondary ASCVD prevention, particularly in women and
older patients, and following ischaemic stroke and PAD
hospitalisations. Improving this would offer substantial
benefits to population health at low cost.

Individuals with established atherosclerotic cardio-
vascular disease (ASCVD) are at significantly
increased risk of future vascular events.! Statins, a
low-density lipoprotein (LDL) cholesterol-lowering
therapy, can safely and cost-effectively reduce these
risks.! Therefore, national clinical guidelines, such
as those issued by the National Institute for Health
and Care Excellence (NICE) for England and Wales
and the Scottish Intercollegiate Guidelines Network
(SIGN) Consortium, have recommended the
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Despite national clinical guidelines
recommending the use of statin for the
secondary prevention of atherosclerotic
cardiovascular disease (ASCVD), previous
studies have found that use of statin therapy
among individuals with established ASCVD is
suboptimal.

= However, knowledge regarding the extent of,
and underlying risk factors for, suboptimal
medication use at different treatment stages
(namely the initiation of, adherence to,
discontinuation of and reinitiation of statin
therapy) to inform on the full extent of statin
use across the treatment pathway, different
populations and disease types, is limited.

WHAT THIS STUDY ADDS

= This national study in Scotland, from 2009
to 2017, improves on previous studies by
examining in detail all stages of the patient
treatment pathway, namely the initiation of,
adherence to, discontinuation and reinitiation
of statin therapy for the secondary prevention
of ASCVD, in order to estimate the full extent of
suboptimal statin use across different patient
populations and disease types.

= Only 81% of patients initiated statin therapy
after hospitalisation for ASCVD and, of those
who did, 24% later discontinued statin therapy.
Use of intensive statin therapy was also
suboptimal.

= Statin treatment following peripheral arterial
disease (75% initiated and 29% discontinued
statin therapy) and ischaemic stroke (81% and
26%, respectively) was worse than treatment
following myocardial infarction (88% and 23%,
respectively).

= Women and patients aged <50 years or =70
years were systematically undertreated in terms
of statin initiation and discontinuation.

long-term use of statin therapy for the secondary
prevention of ASCVD.

Despite these recommendations, previous studies
have found that use of statin therapy among indi-
viduals with ASCVD is suboptimal.? * However,
knowledge regarding the extent of, and underlying
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Improvements in use of statin therapy in patients with ASCVD
would provide substantial benefits to population health. As
many as 6%—10% of subsequent ASCVD events could be
avoided.

= Particular focus is needed to improve statin treatment use
in women and older patients, and in patients who suffer
ischaemic stroke and peripheral arterial disease events, as

these individuals remain systematically undertreated.

risk factors for, suboptimal medication use is limited. Policy
makers and healthcare providers would benefit from a more
detailed understanding of statin use at different treatment stages
to inform development of quality improvement programmes.

This study assessed the extent of suboptimal statin therapy use
for the secondary prevention of ASCVD in Scotland overall and
across subgroups of individuals by age, sex, types of ASCVD and
other characteristics. We examined associations between these
patient characteristics and statin treatment at different stages of
the pathway. This was achieved by using linked and anonymised
population-wide administrative National Health Service (NHS)
Scotland data for all individuals hospitalised for an ASCVD
event in Scotland between October 2009 and July 2017.

METHODS

Data

NHS Scotland provides comprehensive free healthcare to all
people living in Scotland. This retrospective cohort study used
large-scale population-wide individual patient data for all indi-
viduals hospitalised for ASCVD composed of four linked and
anonymised routine healthcare datasets: (1) hospital admissions,
(2) specialty mental health admissions, (3) national death records
and (4) prescribing information. Individuals were followed
between 1 October 2009 and 31 December 2017 (online supple-
mental table A and figure A).

Study population

All Scottish residents aged 18 years or older were included if they
had a main discharge diagnosis for an ASCVD event between 1
October 2009 and 3 July 2017, and therefore should have been
offered statin treatment according to SIGN’s and NICE’s clin-
ical guidelines for the secondary prevention of cardiovascular
disease.*”

The hospital admissions data were used to identify individ-
uals hospitalised for an acute ASCVD event, categorised into
myocardial infarction (MI), ischaemic stroke, peripheral arterial
disease (PAD) and other ASCVD including events with a hospital
length of stay of less than 1 day (online supplemental table B).
Following study exclusions (non-Scottish residents, emigration

and death within 150 days after discharge, hospital length of
stay of >90 days, single medication supply for >365 days and
medications in non-pill format; online supplemental figure B),
the final study population included 167 978 individuals. Indi-
viduals were followed for up to 8 years (average 4.6 years) from
the index ASCVD event (recorded on/after 1 October 2009)
until study end (ie, 31 December 2017), emigration or death,
depending on which event occurred first.

Primary outcomes: statin initiation, adherence,
discontinuation and reinitiation

Statin therapy use (online supplemental table C) was assessed
at four stages of the patient treatment journey: statin initiation,
adherence, discontinuation and reinitiation (figure 1). Statin initi-
ation was defined as individuals being prescribed statin therapy
within 90 days from index discharge and dispensed within
60 days from that prescription. Adherence was defined as the
degree to which patients follow the prescription instructions.®
Patients’ prescription records were used to indirectly measure
the Proportion of Days Covered (PDC), calculated as the ratio
of the number of days the patient is covered by the medication
in a period to the total number of days in the period.” Adherence
was defined as a PDC threshold of =80% and was measured
from the date an individual initiated treatment until study end.
Discontinuation among patients who initiated statin therapy
was measured as the start of the first continuous medication
gap of 180 days or more (from the expected medication refill
date) since initiation. A binary outcome measure was created to
indicate if a patient: (1) discontinued or (2) did not discontinue
treatment at any point in time after treatment initiation. The
time of the discontinuation event was recorded as the start date
of the medication gap. Reinitiation was defined as a record of
having been prescribed and dispensed statin therapy at any point
in time after the first 180-day treatment gap.

Statins were further grouped into two intensity categories in
line with NICE’s definition: statins that reduce low-density lipo-
protein cholesterol (LDL-C) by <40% and >40% were catego-
rised as low/medium and high intensity, respectively'® (online
supplemental table D).

Patient characteristics

The following characteristics were assessed: sex, age at index
event date, deprivation quintiles, number of comorbidities,
previous mental health hospitalisation, history of previous
ASCVD event and/or previous statin use and discharge calendar
year (online supplemental table E).

Statistical analyses

The proportions of individuals who did not initiate therapy,
were not adherent, discontinued treatment and did not reinitiate
therapy were calculated. Multivariable cross-sectional logistic
regression models were used to study the association between

Initiation Adherence Discontinuation Re-initiation
Hospital GP Pharmacy Expected First pharmacy dispense
discharge  prescription dispense refill date since discontinuation
Number of days in period covered by medication
. < 90 days . < 60 days . PDC=[ x100% . First treatment gap of = 180 days . At any point in time
Number of days in period
Figure 1  Schematic of the outcome measures initiation, adherence, discontinuation and reinitiation. PDC, proportion of days covered.
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Table 1 Baseline characteristics of individuals hospitalised for an
ASCVD-related event at index discharge

Total atherosclerotic
cardiovascular disease

(ASCVD)
N 167 978
Age on discharge, years (mean, SD) 67.4(12.7)
Female 65 707 (39.1)
Ethnic group
White 143 578 (85.4)
Other 2373 (1.4)
Missing 22027 (13.1)
SIMD deprivation quintile (2009)*
5 (least deprived) 26294 (15.7)
4 30896 (18.4)
3 34330 (20.4)
2 37290 (22.2)
1 (most deprived) 39168 (23.3)
ASCVD-related hospitalisation prior to 1 October 2009 67 114 (39.9)

Charlson Comorbidity Index (CCI) (within 12 months prior
and incl. index event)

0 (no comorbidities)t 30743 (18.3)

1 77 182 (45.9)
2 33709 (20.1)
B 14937 (8.9)

4 or more comorbidities 11 407 (6.8)

Mental health inpatient/day case within 12 months prior to 2994 (1.8)
index admission

At least one statin prescription in last 12 months prior to 93103 (55.4)

index admission

ASCVD type
Ml 50 359 (30)
Stroke 32873 (20)
PAD 15149 (9)
Other ASCVD 69 597 (41)

*SIMD is a relative measure of deprivation across Scottish data zones.

tAbsence of comorbidities as defined by CCl: in the case of the total ASCVD and other
ASCVD populations, this means that individuals were not hospitalised for any of the 17
specified conditions. In the case of the MI, stroke and PAD populations, every individual has
at least one CCI comorbidity, their index condition (ie, MI, stroke or PAD); thus, absence of
comorbidity is not applicable (N/A).

For individuals with index hospitalisations in 2009, information on prior medication use
is available from 1 April 2009 and onwards, thereby contributing a minimum of 6 months
and up to 12 months of medication history. For all discharges recorded after 1 April 2010,
medication history is available for 12 months prior to index admission.

MI, myocardial infarction; PAD, peripheral arterial disease; SIMD, Scottish Index of Multiple
Deprivation.

patient characteristics and discharge calendar year and the like-
lihood of initiating statin therapy, and the likelihood of initi-
ating high-intensity statin therapy versus low/medium-intensity
therapy. For individuals who initiated statin therapy, a Cox
proportional hazards model'! of duration from statin initiation
(the first day of the first statin therapy dispense after hospital
discharge) to discontinuation, censored for death and emigra-
tion was used to assess the role of patient characteristics, as
well as discharge calendar year, in the discontinuation of statin
treatment. A Schoenfeld residuals test for proportional hazards
assumption'? showed that the proportional hazards assumptions
were met.

RESULTS

Between 2009 and 2017, 167 978 individuals were hospi-
talised for ASCVD. Baseline demographics at discharge for
index ASCVD events are presented in table 1. Demographic

characteristics at discharge are presented in online supplemental
tables F and G.

Statin initiation

Out of these individuals, 136 855 (81%) initiated statin therapy
(figure 2). Uptake varied significantly by ASCVD type, from
75% among patients following PAD event, to 81% following an
ischaemic stroke and 88% of patients following an MI (online
supplemental figures C-F). The initiation rate increased little
from 80% in 2009-2011 to 82% in 2015-2017.

Of patients who initiated statin, 40% initiated high-intensity
therapy, with the remainder (60%) prescribed medium or low-
intensity statin treatment. Within 12 months from initiation,
5% of initiators uptitrated to high-intensity statin therapy, 2%
downtitrated to low/moderate intensity and 93% remained on
the intensity initially prescribed. As a result, within 12 months
since index prescription, 43% of statin initiators were using
high-intensity statin therapy and 57% low/moderate-intensity
therapy. The proportion of statin initiators using high-intensity
statins within 12 months since index prescription almost
doubled since 2009, increasing from 33% in 2009-2011 to 57%
in 2015-2017 (p<0.001) (figure 3). High-intensity statin initia-
tion rates in the latest period (ie, 2015-2017) varied significantly
by ASCVD type, ranging from 40% for PAD and 51% for stroke
to 73% for MI.

Women were 28% less likely to initiate statin than men (OR
0.72 (0.70-0.74)), largely irrespective of age, with 9% lower
odds in the case of PAD, 22% for MI and ischaemic stroke and
33% for other atherosclerotic disease. Compared with individ-
uals aged 6069 years, those below the age of 50 years and those
older than 69 years were significantly less likely to initiate statin,
with the likelihood of initiation also decreasing as age increased
beyond 70 years (<50 years: (OR) 0.74, 95% CI 0.70 to 0.78;
70-79 years: 0.78 (0.75 to 0.81); 80-89 years: 0.51 (0.49 to
0.53); 90 years or older: 0.23 (0.22 to 0.25)). Patients living
in the most deprived areas were 8% less likely to initiate statin
compared with those in least deprived areas (OR 0.92 (95% CI
0.88 to 0.96)). In addition, those with previous mental health
hospitalisations were only half as likely to initiate treatment
as those without similar medical histories (OR 0.50 (95% CI
0.46 to 0.54)). A higher number of comorbidities was associ-
ated with a lower likelihood of individuals initiating statin. For
example, MI and stroke patients with three or more comorbid-
ities had, respectively, 60% and 42% lower odds of initiating
statin compared with individuals without comorbidities (MI:
OR 0.40 (95% CI 0.37 to 0.44); stroke: OR 0.58 (95% CI 0.53
to 0.64)) (figure 4). Please see online supplemental table H for
the associations between CCI and statin initiation by ASCVD
type. The same patient characteristics were also associated with
lower odds of initiating high-intensity statin therapy compared
with low/medium-intensity therapy (online supplemental figure
G and table I).

Statin adherence and discontinuation

While on treatment, 91% of users were adherent. However, 24%
of statin users discontinued treatment at some point in time and,
of those who discontinued, half (50%) did so within 1.5 years
since initiation, and 80% within 3.5 years (figure 2). Discontin-
uation rates varied by ASCVD type, ranging from 23% for MI
patients to 26% for stroke and 29% for PAD patients. Of the
individuals who discontinued therapy, only 12 644 individuals
(38%) reinitiated therapy at some point in time after their initial
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Number of individuals hospitalised with ASCVD initiating statin therapy

E 180,000 167,978 ASCVD hospital admissions in 2009-2017 = 100%

5 —_——_———————— - 100%
g 160,000 19% did not

;2 140,000 initiate statin

g 80%
é 120,000 136,855 (81%)

3 initiated statin

;-if 100,000 within 150 days 60%
g 80,000

2

g 60,000 40%
=

& 40,000

Lg 20,000 e
5 ,
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Time in days from hospital discharge

== Cumulative number of individuals initiating statin, 2009-2017
== = Total number of ASCVD hospitalisations, 2009-2017

180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000

0

Number of statin initiators discontinuing statin therapy over time

136,855 individuals initiated statin in 2009-2017
~~“~-¥......
12% of initiators 24% of
discontinued initiators
statin within 1.5 discontinued
years statin

0.5 1 15 2 25 3 35 4 5 6 7 8

years Time in years from statin initiation

=== Cumulative number of individuals remaining on statin, 2009-2017

e Cumulative number of individuals initiating statin, 2009-2017
= === Total number of ASCVD hospitalisations, 2009-2017

Figure 2 Statin initiation and discontinuation rates following atherosclerotic cardiovascular disease (ASCVD) event.
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m High-intensity statin = Low/medium-intensity statin
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Proportion (%) of individuals initiating statin therapy, by statin intensity type
%]
(=]

2009 2012 2015 y 2009 2012 2015 2009 2012 2015 j 2009 2012 2015 2009 2012 2015 2009 2012 2015 2009 2012 2015 2009 2012 2015 2012 2015
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Overall Men Women Age <50 Age 50-59 Age 60-69 Age 70-79 Age 80-89 Age>90

Overall By sex By age

Figure 3  Statin initiation rates following atherosclerotic cardiovascular disease (ASCVD) event in Scotland in 2009-2017, by calendar period, sex,
age and statin intensity. There was evidence of an increase in the proportion of individuals initiating any statin over time based on the Cochran-
Armitage test for trend (overall: men: p<0.001; women: p<0.5; age <50: p<0.5; age 50-59: p<0.001; age 60-69: p<0.001; age 70-79: p<0.001;

age 80-89: p<0.001). There was also strong evidence of an increase in the proportion of statin initiators using high-intensity statin therapy vs. low/
medium-intensity therapy (overall and in every sex and age group: p<0.001).
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Statin Initiation 0dds Ratio (95% CI)

Female (vs. male) ° 0.72.(0.70-0.74)
Age (vs. 60-69 years old)

<50 years L2 0.74 (0.70-0.78)

50-59 years 1@ 1.05 (1.01-1.10)

70-79 years [ ] 0.78 (0.75-0.81)

80-89 years [ 0.51 (0.49-0.53)

>90 years [ ] 0.23 (0.22-0.25)

Deprivation quintile (vs. 5, least deprived)
: J
3
2 [ 4
1 (most deprived) @

Charlson Comorbidity Index
(vs. no comorbidities')

1.01 (0.96-1.06)
0.97 (0.93-1.02)
0.96 (0.93-1.01)
0.92 (0.88-0.96)

] @ 1.70 (1.64-1.76)
2 @ 1.61 (1.54-1.68)
3 @ 1.27 (1.20-1.34)
>4 comorbidities @ 0.98 (0.93-1.04)
Receiving specialist mental health care @ 0.50 (0.46-0.54)
History of prior CVD or statin use
(vs. no prior CVD, no prior statin) PY
Prior CVD, no prior statin 0.33 (0.32-0.34)
No prior CVD, prior statin ® 2.75 (2.64-2.86)
Prior CVD, prior statin o 223 (2.16-2.31)
Discharge year (vs. 2009-11)
2012-14 [ ] 1.10 (1.07-1.14)
2015-17 1.16 (1.13-1.20)
IDefined as absence of 17 0 0.5 1 15 2 25 3
specified medical conditions.
Less likely More likely

Figure 4 Associations of patient characteristics with statin initiation among individuals with atherosclerotic cardiovascular disease (ASCVD): a
multivariable logistic regression model. The Charlson Comorbidity Index (CCI) results presented in this figure are not easily interpretable due to index
MI, stroke and PAD included among the CCl-eligible comorbidities, leaving the remaining index ASCVD conditions in the comparator “no comorbidity”

category.

treatment gap of 180 days. On average, individuals reinitiated
statin about 1.1 years after statin discontinuation.

Patient characteristics associated with the discontinuation
of statin were similar to those related to not initiating therapy.
Specifically, women had a 17% higher hazard of statin discontin-
uation than men (HR 1.17, 95% CI 1.14 to 1.19). A U-shaped
association with age was observed: compared with individuals
aged 60-69 years, those below the age of 50 years and those
aged 70-79 years had, respectively, a 22% (HR 1.22 (95% CI
1.17 to 1.28)) and 27% (HR 1.27 (95% CI 1.23 to 1.31)) higher
hazard of discontinuation, with the hazard increasing up to 3.5-
fold in the case of patients aged 90 years or older (HR 3.48
(95% CI 3.27 to 3.71)). An increase in the number of comor-
bidities was associated with an increased hazard of statin discon-
tinuation. For example, MI and stroke patients with three or
more concomitant conditions had a 50% higher hazard of statin
discontinuation than those without comorbidities (MI: HR 1.50
(95% CI 1.39 to 1.61); stroke: HR 1.47 (95% CI 1.35 to 1.60))
(figure 5; online supplemental table J).

DISCUSSION

This nationwide study of individuals hospitalised for ASCVD in
Scotland demonstrates that use of statin therapy remains subop-
timal in these very high-risk individuals. Nineteen per cent of
individuals did not initiate statin therapy. While the majority of
those who initiated statins were adherent while on treatment,
about a quarter (24%) discontinued treatment at some point.
Of those patients who stopped treatment, only 38% reinitiated
treatment at a later time. Overall, about 25% of patient-years

were left untreated after the index ASCVD event. A substantial
number of subsequent ASCVD events might therefore have been
prevented in these patients with much better statin use. Based on
data from the Cholesterol Treatment Trialists’ (CTT) Collabora-
tion (showing that statins yield a proportional reduction in major
vascular events of 229% per 1 mmol/L reduction in LDL-C),'
about a quarter of subsequent events during untreated patient-
years (ie, 6% of all subsequent ASCVD events) might have been
prevented if moderate-intensity statins had been used during
this time. Up to 40% of major vascular events during untreated
patient-years (ie, 10% of all subsequent ASCVD events) might
have been prevented if optimal high-intensity statin therapy had
been used. This is of at least a similar magnitude to the likely
benefit of treating all 167 000 secondary prevention patients
with ezetimibe after their index event.? If suboptimal treatment
in the same patients extends to other proven secondary preven-
tion interventions, such as antiplatelet agents, beta-blockers
and renin—angiotensin system blockers, then the impact of poor
treatment use is likely to be far greater.

Our analyses demonstrate that certain groups of patients are
at particular risk of suboptimal treatment. Strikingly, women
with ASCVD were 28% less likely to commence a statin and
17% more likely to stop than men. Some previous studies have
observed that women were less likely than men to be prescribed
statin on hospital discharge," ™ but our analyses indicate that
suboptimal treatment extends beyond statin initiation. The age
of patients was also relevant to the initiation and discontinua-
tion of statin therapy. For example, individuals aged 70-79 years
were 2290 less likely to initiate statin and had 27% higher hazard
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Statin Discontinuation

Female (vs. male) Y

Age (vs. 60-69 years old)
<50 years
50-59 years ®
70-79 years o
80-89 years
> 90 years

Deprivation quintile (vs. 5, least deprived)
4
3

o
[ J
2
1 (most deprived) :

Charlson Comorbidity Index
(vs. no comorbidities')
1

)
()

3 o
>4 comorbidities L 4
Receiving specialist mental health care

History of prior CVD or statin use
(vs. no prior CVD, no prior statin) @
Prior CVD, no prior statin

Hazard Ratio (95% CI)

1.17 (1.14-1.19)

1.22 (1.17-1.28)
0.99 (0.95-1.02)
127 (1.23-131)

™Y 1.89 (1.83-1.96)

3.48 (3.27-3.71)

1.07 (1.03-1.11)
1.07 (1.03-1.11)
1.00 (0.97-1.04)
0.95 (0.92-0.99)

0.88 (0.85-0.91)
0.94 (0.90-0.97)
1.11 (1.06-1.16)
1.39 (1.33-1.46)

@ 1.84 (1.72-1.97)

1.44 (1.38-1.51)

No prior CVD, prior statin L d 0.78 (0.75-0.80)
Prior CVD, prior statin ® 0.78 (0.75-0.80)
Discharge year (vs. 2009-11)
2012-14 L 0.95 (0.93-0.98)
2015-17 & 0.79 (0.76-0.82)
|
1 0 1 2 3 4
Defined as absence of 17
specified medical conditions.
Less likely More likely

Figure 5 Associations of patient characteristics with statin discontinuation among individuals with atherosclerotic cardiovascular disease (ASCVD):
a multivariable Cox proportional hazards model. The Charlson Comorbidity Index (CCl) results presented in this figure are not easily interpretable due
to index MI, stroke and PAD included among the CCl-eligible comorbidities, leaving the remaining index ASCVD conditions in the comparator “no

comorbidity” category.

of treatment discontinuation compared with those aged 60-69
years. These results were consistent with previous findings of age-
related treatment gaps in statin treatment.'® '’ These important
treatment gaps may be due to misperceptions of adverse effects
of statins and uncertainty among both patients and prescribers
about statin efficacy in women and older patients. However,
cardiovascular risk is substantially increased following an
ASCVD event, and guidelines are clear in recommending statins
to all individuals for the secondary prevention of ASCVD. Given
the substantial randomised evidence on statin safety and efficacy
for the secondary prevention of CVD in women,''® and all adult
age groups including older patients," more attention must be
paid to the management of these patient groups.

Individuals with a history of hospital admission for specialist
mental care, who are known to be at very high cardiovascular
risk, had 50% lower odds of initiation and 84% higher hazard
of discontinuation of statin therapy compared with individuals
without such a history. It is reasonable to propose that patients
with milder mental health conditions treated in primary care,
such as anxiety and moderate depression, may also be subopti-
mally treated for the prevention of ASCVD. Mixed findings on
the association between mental health and statin use have been
reported in previous large studies,'* 2 *! and further research
is required to examine the association between gradients of
mental disorders and statin use. Individuals with two or more
comorbidities had significantly lower odds of initiating statin
and were at higher hazard of discontinuing therapy compared

with individuals without physical comorbidities. Previous studies
that used large-scale population data on MI patients showed that
presence of other diseases was associated with lower odds of
statin initiation.?’

There was also considerable variability in statin initiation
and discontinuation rates by ASCVD type. Treatment rates for
PAD and ischaemic stroke were poor compared with MI. For
instance, only 75% of PAD patients and 81% of stroke patients
initiated statin therapy, compared with 88% of MI patients.
Among PAD patients 29% discontinued treatment, compared
with 26% of stroke and 23% of MI patients. Similar findings
were reported in previous observational studies using national
registry and prescribing information.”** Few statin trials were
specifically conducted in PAD patients, and current guidelines
have been adapted from other at-risk populations such as coro-
nary artery disease, possibly raising uncertainty regarding statin
efficacy in PAD.* In the case of secondary prevention in patients
who had a stroke, previous studies showed that statins effectively
decreased risks of subsequent ischaemic stroke, while potentially
increasing risks of haemorrhagic stroke, leading to uncertainty
of the overall beneficial effect.?* However, evidence from CTT
shows that benefits of statin use for secondary prevention heavily
outweigh the potential risks of haemorrhagic stroke.' *%® There-
fore, provider training and targeted patient education with a
focus on PAD and stroke may narrow the gap with cardiovas-
cular disease types (eg, MI) where guideline recommendations
are being followed more rigorously.
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A meta-analysis of cardiovascular outcomes trials has shown
that the further 0.5 mmol/L reduction in LDL cholesterol
obtained with higher intensity statin therapy produces about a
16% further reduction in the incidence of heart attack, revascu-
larisation or ischaemic stroke compared with moderate intensity
statin therapy.! * Use of high-intensity statin therapy improved
over time but remained suboptimal, with only 57% of statin
initiators in 2015-2017 using high-intensity therapy and with
significant variation by ASCVD type (40% of PAD patients,
51% of stroke patients and 73% of MI patients). Alternative and
substantially more costly therapies such as PCSK9 inhibitors are
considered in patients not reaching LDL-C targets, but findings
from this study suggest that there are still considerable oppor-
tunities to optimise LDL-C reductions through the use of high-
intensity statins.

The dataset has major strengths in that it captures the entire
population of Scotland and all healthcare received under a single
provider that is free at the point of care and is therefore highly
representative. It allowed for a detailed analysis into the extent
of statin use. Several limitations should be acknowledged. The
data only included prescribing information for individuals who
were both prescribed and dispensed treatment in a primary care
setting, and therefore, we could not differentiate between treat-
ment not being prescribed or being prescribed but not dispensed.
Furthermore, we had data only on medication being collected
but not whether patients actually used it, although patients who
regularly collect but not use treatment are likely rare. Patient
characteristics were derived from hospital records only, which
do not capture patients’ full medical history and diagnoses. Simi-
larly, it was not possible to fully account for individuals who
were not prescribed or who were asked to discontinue treat-
ment on clinical grounds, such as terminal illness. To mitigate
this limitation, the analyses excluded all individuals who died
within 150 days of hospital discharge. Lastly, further patient
characteristics that may be relevant, such as patients’ ethnicity
and marital status, could not be studied due to large numbers
of missing observations. The data also cannot provide insights
into clinicians’ characteristics and management of a patient,
clinicians’ and patients’ beliefs, preferences or risk perceptions
of statin therapy.

CONCLUSIONS

The treatment of patients with statin therapy following an
ASCVD event remains suboptimal, particularly in women and
older patients and following ischaemic stroke and PAD events.
Effective approaches to improve statin use are likely to yield
important reductions in the burden of cardiovascular disease
and at low cost.
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SUPPLEMENTAL MATERIAL
TABLES

Table A Overview of the four linked NHS Scotland datasets used in this study

Dataset

Examples of information included

General/Acute Inpatient and Day Case
(SMRO1)

Contains episode-level data on inpatient and
day case discharges and covers all individuals
(residents and non-residents of Scotland) who
receive care in non-obstetric, non-psychiatric

NHS general acute specialties and hospitals.

Each episode contains information on
diagnoses using International Classification of
Diseases (ICD) codes, operations and
procedures, as well as patient and hospital
details, such as patient demographics, episode
management, socio-economic and
geographical information.

Mental Health Inpatient and Day Case
(SMRO04)

Contains episode-level data on individuals
admitted to care in NHS hospital mental
health specialties and psychiatric hospitals.

Each episode contains information on
diagnoses using International Classification of
Diseases (ICD) codes, as well as patient and
hospital details, such as patient demographics,
episode management.

National Records of Scotland (NRS deaths)

Contains death-related information (date of
death, age and specific causes of death
classified under ICD-10)

Prescribing Information System (PIS)

Contains general information on all medicines
that were both prescribed and dispensed in
the community (i.e., primary care) in Scotland
(e.g., information on prescribed items such as
formulation code, strength, dose instructions,
quantity prescribed; details of the prescribing
individuals, practice and dispenser: list size of
practice, geographical location). It does not
contain information on medicines that were
prescribed but not dispensed.
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Table B Overview of the definitions of ASCVD types by ICD-10 code

ASCVD Type ICD-10 codes

Total ASCVD 120-25, 163- 67, 170-71, and 173.9

Myocardial infarction 121-122 and min. 1 day hospital length of stay
Ischaemic stroke 163-164 and min. 1 day hospital length of stay
Peripheral arterial disease 171,173.9

Other ASCVD 120, 123, 124, 125.0-1, 125.8-9, 165-167, 170

Table C Overview of Anatomical Therapeutic Chemical (ATC) and British National Formulary
(BNF) codes for statin

Statin ATC code BNC Code
Atorvastatin C10AA05 0212000A1
Fluvastatin C10AA04 0212000MO0
Pravastatin C10AA03 0212000X0
Rosuvastatin C10AA07 0212000AA
Simvastatin C10AA01 0212000Y0
Simvastatin & Ezetimibe - 0212000AC
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Table D Definition of high and low/medium statin intensity based on NICE’s classification of

statin intensity

High-intensity statin Low-/medium-intensity statin
Atorvastatin 20mg — 80mg Atorvastatin 10mg
Rosuvastatin 10mg — 40mg Fluvastatin 20mg — 80mg

Simvastatin 80mg Pravastatin 10mg — 40mg

Simvastatin 10mg — 40mg

Statins were grouped into two intensity categories in line with NICE’s definition which is based
on the percentage reduction in low-density lipoprotein cholesterol (LDL-C) levels: statins that
reduce LDL-C by <40% and >40% wete categotised as low/medium and high intensity,

respectively
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Table E Detailed overview of participant characteristics, and the list of conditions and
associated ICD-10 codes included in the Charlson Comorbidity Index (CCI)

The following characteristics were assessed: sex (male, female), age group at index event date (<49,
50-59, 60-69, 70-79, 80-89, 290 years), deprivation quintiles based on the Scottish Index of
Multiple Deprivation (where 1 indicates most deprived and 5, least deprived) (11), Chatlson
Comorbidity Index (defined as the number of comorbidities reported in the hospital admissions
data within the 12 months prior to and including index admission discharge, where ‘no
comorbidities’ is defined as the absence of 17 specified medical conditions (see Supplements,
Table E): no comorbidities, 1, 2, 3, or = 4 comorbidities), inpatient or outpatient admission to a
mental health specialty or psychiatric hospital within 12 months prior to index ASCVD admission
(ves, no), history of any previous ASCVD event and/or previous statin use in the last 12 months
prior to index ASCVD admission (no history of ASCVD and no prior use of statin; history of
ASCVD and no prior use of statin; no history of ASCVD and prior use of statin; and history of
ASCVD and prior use of statin), and discharge calendar year (2009-2011, 2012-2014, 2015-2017).

Condition included in the Charlson ICD-10 code

Comorbidity Index
1. AIDS/HIV B20.X - B22.X, B24.X
2. Any malignancy, including lymphoma  C00.X - C26.X, C30.X - C34.X, C37.X -
and leukaemia, except malignant C41.X, C43. X, C45. X - C58.X, C60. X -
neoplasm of skin C76.X, C81.X - C85.X, C88.X, C90.X -
C97.X
3. Cerebrovascular disease G45.X, G46.X, H34.0, 160.X - 169.X
Chronic pulmonary disease 127.8,127.9, J40.X - J47.X, J60.X - J67.X,
J68.4,770.1,]70.3
5. Congestive heart failure 109.9, 111.0, 113.0, 113.2, 125.5, 142.0, 142.5 -
142.9, 143.X, 150.X, P29.0
6. Dementia F00.X - F03.X, F05.1, G30.X, G31.1
7. Diabetes without chronic E10.0, E10.1, E10.6, E10.8, E10.9, E11.0,
complication E11.1, E11.6, E11.8, E11.9, E12.0, E12.1,

E12.6, E12.8, E12.9, E13.0, E13.1, E13.6,
E13.8, E13.9, E14.0, E14.1, E14.6, E14.8,
E14.9

8. Diabetes with chronic complication E10.2 - E10.5, E10.7, E11.2 - E11.5, E11.7,
E12.2 - E12.5, E12.7, E13.2 - E13.5, E13.7,
E14.2 - E14.5, E14.7

9. Hemiplegia or paraplegia G04.1, G11.4, G80.1, G80.2, G81.X,
G82.X, G83.0 - G83.4,G83.9
10. Metastatic solid tumour C77.X - C80.X
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Condition included in the Charlson ICD-10 code

Comorbidity Index

11. Mild liver disease B18.X, K70.0 - K70.3, K70.9, K71.3 -
K71.5, K71.7, K73.X, K74.X, K76.0, K76.2
-K76.4,K76.8, K76.9, 794.4

12. Moderate or severe liver disease 185.0, 185.9, 186.4, 198.2, K70.4, K71.1,
K72.1,K72.9, K76.5, K76.6, K76.7

13. Myocardial infarction 121.X, 122.X, 125.2

14. Peptic ulcer disease K25.X - K28.X

15. Peripheral vascular disease 170.X x, 171.X, 173.1, 173.8, 173.9, 177.1,
179.0, 179.2, K55.1, K55.8, K55.9, 295.8,
795.9

16. Renal disease 112.0, 113.1, N03.2 - N03.7, N05.2 - N05.7,
N18.X, N19.X, N25.0, Z49.0 - Z49.2,
794.0,299.2

17. Rheumatic disease MO05.X, M06.X, M31.5, M32.X - M34.X,

M35.1, M35.3, M36.0
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Table F Participant characteristics of statin initiators and non-initiators at index admission discharge, total ASCVD and by ASCVD type

TOti.ll Atherosclft‘rouc Myocardial infarction Ischaemic stroke Perlph?ral arterial Other ASCVD
cardiovascular disease disease
Statin initiation Yes No Yes No Yes No Yes No Yes No
N (%) 136,855 31,123 44,440 5,919 26,501 6,372 11,364 3,785 54,550 15,047
(81.5) (18.5) (88.3) (11.8) (80.6) (19.4) (75.0) (25.0) (78.4) (21.6)

Age on discharge, years (mean, (o0 1500 700(149) 649 (131) 736 (145) 701 (128) 737 (154) 689 (10.5) 679 (149) 663 (10.9) 67.6 (14.2)

SD)
Hospital length of stay, days 68(121)  9.5(16.1 1 121) 1521 21.8 (23.2 12 102 (1 2 10.2
(mean, SD) 8 (12.1) 5(16.1) 6.1 (6.9) 9.8 (12.1) 5.2 (19.6) .8(23.2) 8.3 (12.9) 0.2 (14.6) 9 (7.4 4.0 (10.2)
Female 36.8 49.1 33.6 47.9 46.3 56.3 334 40.6 35.6 48.7
Ethnic group
White 85.3 86.3 85.5 87.6 85.2 86.0 86.6 86.6 84.8 86.0
Other 1.4 1.3 1.7 1.5 0.9 0.8 0.3 0.6 1.7 1.5
Missing 13.3 12.4 12.8 10.9 13.9 13.2 13.1 12.8 13.5 12.5
SIMD quintile (2009)!
5 (least deprived) 15.7 15.5 15.3 15.2 15.8 16.2 13.3 13.8 16.4 15.8
4 18.5 18.1 18.5 17.0 17.8 17.6 18.4 19.1 18.7 18.6
3 20.4 20.6 20.3 21.2 19.8 19.5 21.4 20.9 20.5 20.7
2 22.2 22.3 22.1 22.8 22.2 22.9 24.2 23.1 21.8 21.6
1 (most deprived) 23.3 23.5 23.7 23.8 24.4 23.8 22.8 23.1 22.5 23.3
Utrban-Rural Classification?
Large urban areas 31.9 33.3 32.3 35.8 33.7 34.4 27.9 271 31.8 33.4
Other urban areas 36.1 35.8 36.0 34.3 35.7 35.5 37.7 40.2 36.1 354
Accessible small towns 9.7 9.0 9.8 9.1 9.7 8.8 9.5 9.6 9.6 8.9
Remote small towns 3.9 4.2 3.9 4.5 3.7 4.6 4.8 3.7 4.0 4.1
Accessible rural 11.6 11.2 11.7 10.5 11.2 10.5 12.3 12.9 11.5 11.5
Remote rural 6.7 6.4 6.4 5.8 5.6 6.3 7.7 6.6 7.1 6.7

Charlson Comorbidity Index

1 Scottish Index of Multiple Deprivation (SIMD) is a relative measure of deprivation across Scottish data zones.

2 Scottish Government Urban Rural Classification: (1) Large urban areas: settlements of 125,0000 or more people; (2) Other urban areas: settlements of 10,000 to 124,999 people; (3) Accessible small
towns: settlements of 3,000 to 9,999 people and within 30 minutes’ drive of a settlement of 10,000 or more; (4) Remote small towns: settlements of 3,000 to 9,999 people and a drive time of over 30
minutes to a settlement of 10,000 or more; (5) Accessible rural: Areas with a population of less than 3,000 people, and within a 30 minute drive time from a settlement of 10,000 or more; (6) Remote
rural: Areas with a population of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.
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TOti.ll Atherosclft‘rouc Myocardial infarction Ischaemic stroke Perlph?ral arterial Other ASCVD
cardiovascular disease disease
Statin initiation Yes No Yes No Yes No Yes No Yes No
0 (no-comorbidities)3 18.0 19.3 N/A N/A N/A N/A N/A N/A 45.1 40.9
1 471 41.4 54.9 36.8 57.8 50.6 62.9 62.2 32.2 33.2
2 20.3 19.2 27.6 29.6 23.0 241 17.9 17.8 13.4 13.4
3 8.5 10.5 10.2 18.2 11.3 13.7 10.5 10.0 5.4 6.9
4 or more comorbidities 6.1 9.6 7.3 17.4 7.9 11.7 8.7 9.9 3.8 5.5
Mental health inpatient/day
case 12 months prior to index 1.5 3.1 13 3.5 2.1 4.4 1.1 1.9 1.4 2.9
admission
ASCVD history 12 months prior
to index admission*
No ASCVD hospitalisation + 33.9 419 54.1 40.5 45.5 47.8 10.8 48.5 16.6 38.3
no statin use
ASCVD hospitalisation + no 5.6 25.2 7.1 25.4 8.1 20.5 3.6 29.6 35 26.0
statin use
No ASCVD hospitalisation + 27.5 12.3 17.1 10.8 23.2 13.3 36.4 9.1 36.1 13.3
statin use
” CASCVD hospitalisation + statin 33 4 20.6 217 233 232 18.4 49.2 12.8 43.7 22.4
Time to first primary care level
prescription Since index 21.4 (19.3) ap}i::ble 17.5 (16.8) appNh‘C’;ble 18.8 (18.3) appNh‘C);ble 276 216) Nh;tble 247 (202) Iﬁ"tble
discharge, days (mean, SD)5 PP ppiica
Time from prescription to
dispense, days (mean, SD) 11.1(13.4) 10.7 (16.9) 12.5 (14.9) 11.1 (13.1) 10.8 (12.9)
Statin intensity®
High intensity 40.4 49.4 33.9 31.3 37.3
Moderate/low intensity 59.6 50.6 606.1 68.7 62.7

3 Absence of comorbidities as defined by CCI: in the case of the total ASCVD and other ASCVD populations, this means that individuals were not hospitalised for any of the 17 specified conditions.
In the case of the MI, stroke and PAD populations, every individual has at least one CCI comorbidity, their index condition (i.e. MI, stroke or PAD), thus absence of comorbidity is not applicable
(N/A).

4 For individuals with index hospitalisations in 2009, information on prior medication use is available from 1 April 2009 and onward, thereby contributing a minimum of 6 months and up to 12
months of medication history. For all discharges recorded after 1 April 2010, medication history is available for 12 months prior to index admission.

5 Please note that this statistic only includes individuals who initiated the prescribed treatment, as the Prescribing Information System (PIS) data do not contain prescribing information for patients
who were not dispensed treatment.

¢ In line with NICE’s categotisation of statin intensity, high-intensity statins are defined as statins that reduce LDL-C levels by >40%, while moderate/low-intensity statins teduce LDL-C levels by
<40%.
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Table G Characteristics of patients who did and did not discontinue statin therapy, total ASCVD and by ASCVD type

Total Atherosclerotic —y o gial infarction Ischaemic stroke Peripheral arterial Other ASCVD
cardiovascular disease disease
Statin discontinuation Yes No Yes No Yes No Yes No Yes No
N (%) 32,983 103,872 10,069 34,371 6,802 19,699 3,343 8,021 12,769 41,781
(24.1) (75.9) (22.7) (77.3) (25.7) (74.3) (29.4) (70.6) (23.4) (76.6)

Age on discharge (mean, SD)  68.5 (13.2) 663 (11.8)  67.4 (143) 64.2(12.6) 71.6(13.8) 69.5(12.3) 69.8(11.3) 68.7(10.2) 67.3(12.0)  66.1 (10.6)
g;i‘hs during follow-up 35.4 14.3 32.8 13.1 442 10.1 48.7 223 29.2 11.6
Age at death (mean, SD) 79.1 10.4)  77.8(10.1)  79.5(10.9)  78.1 (10.6) 81.4 (9.9) 79.9 (9.8) 77.0 (9.6) 76.1 9.3) 77.7 (10.3) 76.6 (9.8)
Time to death since index 3.2 years 2.8 years 3.1 years 2.6 years 2.6 years 3.1 years 4.6 years 3.4 years
discharge (mean, SD) (1}.9) (1}.8) (1y.9> (1y.8> 3 years (1.8) (1}.7) (1%8) (15.9) (1}.9) 3 years (1.9)
Time to discontinuation Not Not 1.9 years Not Not 2.1 years Not
(mean, SD) 2 years (1.7) applicable 2 years (1.7) applicable (13.7) applicable 2 years (1.7) applicable (15.78) applicable
Female 41.6 354 39.7 31.8 50.0 45.0 35.7 324 40.2 34.2
Ethnic group

White 86.2 85.0 86.4 85.3 86.3 84.9 86.4 86.7 86.1 84.4

Other 1.5 1.4 1.9 1.6 0.9 0.9 0.3 0.4 1.8 1.7

Missing 12.3 13.6 11.7 13.1 12.8 14.2 13.3 12.9 12.2 13.8
SIMD quintile (2009)7

5 (least deptived) 15.4 15.8 14.7 15.5 16.5 15.6 12.6 13.5 16.0 16.6

4 19.4 18.1 19.3 18.3 19.7 17.2 19.1 18.1 19.4 18.5

3 21.3 20.1 213 20.0 20.9 19.4 23.0 20.8 211 20.4

2 221 22.2 21.9 22.2 21.5 22.5 23.0 24.6 22.3 21.7

1 (most deptived) 21.8 23.8 22.7 24.0 21.5 25.4 22.2 23.0 21.2 229
Urban-Rural Classification®

Large urban areas 31.6 32.2 321 323 33.1 33.9 26.9 28.4 30.5 32.2

Other urban areas 34.4 36.7 33.8 36.6 33.0 36.7 37.5 37.8 34.9 36.4

Accessible small towns 9.7 9.7 9.7 9.9 10.0 9.6 9.0 9.7 9.8 9.5

Remote small towns 4.7 3.8 4.7 3.7 4.5 3.5 5.6 4.5 4.6 3.8

7 Scottish Index of Multiple Deprivation (SIMD) is a relative measure of deprivation across Scottish data zones.

8 Scottish Government Urban Rural Classification: (1) Large urban areas: settlements of 125,0000 or more people; (2) Other urban areas: settlements of 10,000 to 124,999 people; (3) Accessible small
towns: settlements of 3,000 to 9,999 people and within 30 minutes’ drive of a settlement of 10,000 or more; (4) Remote small towns: settlements of 3,000 to 9,999 people and a drive time of over 30
minutes to a settlement of 10,000 or more; (5) Accessible rural: Areas with a population of less than 3,000 people, and within a 30 minute drive time from a settlement of 10,000 or more; (6) Remote
rural: Areas with a population of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.
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Total Atherosclerotic

Peripheral arterial

. . Myocatrdial infarction Ischaemic stroke . Other ASCVD
cardiovascular disease disease
Statin discontinuation Yes No Yes No Yes No Yes No Yes No
Accessible rural 12.1 114 11.9 11.6 12.1 10.9 12,6 122 12.1 113
Remote rural 7.9 6.3 7.7 5.9 7.3 5.5 8.5 7.4 8.1 6.8
Charlson Comorbidity Index
0 (no-comorbidities) ° 17.7 18.0 N/A N/A N/A N/A N/A N/A 45.8 44.9
1 44.6 47.9 49.3 56.5 56.2 58.4 59.9 64.1 30.6 32.7
2 20.0 204 28.6 274 22.6 22.1 17.1 18.2 12,6 13.7
3 9.8 8.1 123 9.6 118 11.1 124 9.7 6.1 5.2
4 or more comorbidities 7.9 5.6 9.8 6.5 9.5 7.4 10.5 8.0 48 35
Mental health inpatient/day
case 12 months prior to 2.8 1.1 2.4 0.9 3.6 1.5 2.0 0.8 2.8 1.0
index admission
ASCVD history in the 12
months prior to index
admission!®
No CVD hospitalisation + 34.6 33.7 51.1 54.9 46.7 45.0 13.0 9.9 20.8 15.4
Nno statin
No CVD hospitalisation + 234 28.8 14.1 18.0 19.0 24.8 32.8 37.8 30.6 37.8
statin use
CVD hospitalisation + no 8.4 46 10.8 6.1 10.6 7.2 6.1 2.6 6.1 2.7
statin use
CVD hospitalisation + 33.6 32.9 40 21.0 238 22.9 48.1 49.7 425 442
statin use

% Absence of comorbidities as defined by CCI: in the case of the total ASCVD and other ASCVD populations, this means that individuals were not hospitalised for any of the 17 specified conditions.
In the case of the MI, stroke and PAD populations, every individual has at least one CCI comorbidity, their index condition (i.e. MI, stroke or PAD), thus absence of comorbidity is not applicable

(N/A).

10 For individuals with index hospitalisations in 2009, information on prior medication use is available from 1 April 2009 and onward, thereby contributing a minimum of 6 months and up to 12
months of medication history. For all discharges recorded after 1 April 2010, medication history is available for 12 months prior to index admission.
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Table H Associations of patient characteristics with statin therapy initiation among individuals with ASCVD, by CVD type (multivariable logistic regression models)

Peripheral arterial

Myocardial infarction Ischaemic stroke di Other ASCVD
isease
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Female (vs. male) 0.77%F* 0.73-0.82 0.79%F* 0.75-0.84 0.91 0.84-1.00 0.67++* 0.64-0.70
Age (vs. 60-69 years old)

<50 0.98 0.87-1.10 0.55%+* 0.49-0.62 0.60%+* 0.51-0.71 0.63%** 0.59-0.69
50-59 years 1.18%* 1.06-1.32 0.99 0.88-1.12 0.89 0.78-1.02 0.96 0.90-1.02
70-79 years 0.66%F* 0.60-0.72 0.71%F* 0.65-0.78 1.00 0.90-1.11 0.82%%* 0.77-0.87
80-80 years 0.34+F* 0.31-0.37 0.47+F* 0.43-0.52 0.78%+* 0.68-0.88 0.51%F* 0.48-0.54
2 90 years 0.13%F* 0.11-0.15 0.20%+* 0.17-0.23 0.50%+* 0.37-0.66 0.23%%k 0.20-0.27
Deprivation quintile (vs. 5,
least deprived)

4 1.08 0.97-1.19 1.05 0.95-1.16 1.02 0.88-1.18 0.99 0.92-1.06
3 0.94 0.85-1.04 1.03 0.93-1.13 1.08 0.95-1.25 0.98 0.91-1.05
2 0.95 0.86-1.04  0.97 0.88-1.07 1.07 0.94-1.23 1.00 0.93-1.07
1 0.88* 0.80-0.97 0.94 0.86-1.03 0.94 0.82-1.08 0.94 0.88-1.00
Charlson Comorbidity Index

(vs. no comorbidities)!

1 N/a N/a N/a N/a N/a N/a 0.99 0.94-1.04
2 0.71%k* 0.66-0.76 0.78%F* 0.73-0.84 0.93 0.83-1.04  0.96 0.90-1.03
3 0.56+* 0.51-0.61 0.72%F* 0.66-0.79 0.91 0.79-1.05 0.70%** 0.64-0.77
4 or more 0.40%F* 0.37-0.44  0.58%** 0.53-0.64 0.67++* 0.58-0.78 0.63%+* 0.57-0.70
Receiving specialist mental 0.40%F  033-048 049  040-054 0.5 0.54-1.05  053%*  0.46-0.61
health care

History of prior CVD or statin

use (vs. no prior CVD, no prior

statin)

Prior CVD, no prior statin 0.34F* 0.31-0.37 0.52%F* 0.48-0.57 0.55%+* 0.48-0.63 0.35%%* 0.32-0.37
No prior CVD, prior statin 1.53%%* 1.39-1.68 1.97%%* 1.81-2.14 7.98%F* 7.14-8.92 5.93%F* 5.59-6.28
Prior CVD, prior statin 1.24%% 1.15-1.35 1.63%x* 1.51-1.77 7,840k 7.06-8.72 5.00%+* 4.74-5.27
Discharge year (vs. 2009-11)

2012-14 1.10%* 1.03-1.18 1.08* 1.00-1.15 1.08 0.98-1.19 1.06* 1.01-1.11
2015-17 1.11%* 1.03-1.19 1.20%¢* 1.20-1.39 0.96 0.86-1.06 1.14w5x 1.08-1.20

Note: (*¥%): p<0.001; (**): p<0.01; (¥): p<0.5; ' In the case of myocardial infarction, stroke and peripheral arterial disease, the reference group is ‘one comorbidity’ as
the Charlson Comorbidity Index classifies the presence of these conditions as a comorbidity.
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Table I Associations of patient characteristics with high-intensity statin therapy initiation (vs. moderate/low intensity therapy) among individuals with ASCVD, by
CVD type (multivariable logistic regression models)

Peripheral arterial

Myocardial infarction Ischaemic stroke di Other ASCVD
isease
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Female (vs. male) 0.874x* 0.83-0.91 1.00 0.94-1.05 1.16%* 1.06-1.26 1.00 0.97-1.04
Age (vs. 60-69 years old)
<50 1.32%%k 1.23-1.42 0.98 0.87-1.10 0.88 0.71-1.09 1.28wx* 1.19-1.38
50-59 years 11745 1.10-1.24 1.07 0.98-1.17 1.09 0.96-1.24 1.16%+* 1.11-1.22
70-79 years 0.73%F* 0.69-0.78 0.79%F* 0.73-0.85 0.86** 0.78-0.95 0.76%+* 0.73-0.80
80-80 years 0.43%F* 0.40-0.46 0.57%F* 0.53-0.62 0.54%F* 0.47-0.61 0.52%%% 0.49-0.56
2 90 years 0.24+F* 0.20-0.28 0.35%F* 0.29-0.42 0.42%%* 0.27-0.66 0.28+** 0.22-0.36
Deprivation quintile (vs. 5,
least deprived)
4 1.09* 1.02-1.17 1.11* 1.01-1.22 1.01 0.87-1.17 0.95 0.90-1.01
3 1.13%%% 1.05-1.21 1.04 0.95-1.14 0.99 0.85-1.14 0.99 0.93-1.05
2 1.00 0.93-1.07 1.04 0.95-1.14 1.09 0.95-1.26 1.02 0.96-1.08
1 0.93* 0.87-0.99 1.00 0.92-1.09 1.03 0.90-1.19 0.98 0.93-1.04
Charlson Comorbidity Index
(vs. no comorbidities)!
1 N/A N/A N/A N/A N/A N/A 1.33%k* 1.27-1.39
2 0.88+* 0.84-0.92 1.15%%* 1.07-1.23 1.14% 1.02-1.27 1.50%%* 1.42-1.58
3 0.77#F* 0.71-0.82 1.09 1.00-1.19 1.18* 1.03-1.35 1.55%%* 1.43-1.68
4 or more 0.79%x* 0.73-0.86 1.14* 1.03-1.26 1.13 0.98-1.31 1.53%k* 1.39-1.68
peceiving specialist mental 076+ 0.63-0.92  0.72% 0.58-0.88  0.72 0.48-1.09  0.92 0.79-1.07
ealth care
History of prior CVD or statin
use (vs. no prior CVD, no prior
statin)
Prior CVD, no prior statin 0.89x* 0.82-0.97 1.08 0.96-1.20 1.11 0.84-1.29 1.02 0.91-1.14
No prior CVD, prior statin 1,445 1.36-1.52 2.16%x* 2.02-2.32 1.60%¢* 1.36-1.87 1.15%k* 1.09-1.22
Prior CVD, prior statin 1.83%+* 1.73-1.94 2.71%Fk* 2.52-2.92 2.76%F* 2.36-3.23 2.02%F% 1.91-2.13
Discharge year (vs. 2009-11)
2012-14 1.440%% 1.38-1.51 1.54%%¢ 1.44-1.66 1.25%k* 1.13-1.37 1.17wk* 1.12-1.22
2015-17 6.35%F* 6.01-6.71 4.11H 3.83-4.41 1.80%+* 1.67-2.07 2.38%* 2.27-2.49

Note: (*¥%): p<0.001; (**): p<0.01; (¥): p<0.5; ' In the case of myocardial infarction, stroke and peripheral arterial disease, the reference group is ‘one comorbidity’ as
the Charlson Comorbidity Index classifies the presence of these conditions as a comorbidity.
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Table J Associations of patient characteristics with statin therapy discontinuation among individuals with ASCVD, by CVD type (multivariable Cox proportional

hazards models)

Peripheral arterial

Myocardial infarction Ischaemic stroke . Other ASCVD
disease
HR 95% C1 HR 95% C1 HR 95% CI HR 95% CI
Female (vs. male) 1.27 0k 1.16-1.26 1.09rk 1.04-1.15 1.09* 1.02-1.17 1.19w8* 1.15-1.23
Age (vs. 60-69 years old)
<50 1.18%%* 1.10-1.27 1.16%*+* 1.45-1.78 1.26%* 1.06-1.49 1.35%* 1.26-1.45
50-59 years 0.96 0.90-1.03 1.11* 1.01-1.21 1.10 0.98-1.23 1.03 0.97-1.08
70-79 years 1.31%%* 1.23-1.38 1.20%¢* 1.20-1.39 1.18%wk* 1.08-1.29 1.23%k* 1.17-1.29
80-80 years 2.02%% 1.89-2.15 1.92%%¢ 1.78-2.07 1.78%%* 1.60-1.97 1.85%* 1.72-1.93
2 90 years 3.93%k* 3.53-4.37 3.45%k% 3.08-3.88 2.87F* 2.27-3.63 3.86%F* 3.39-4.39
Deprivation quintile (vs. 5,
least deprived)
4 1.09%* 1.02-1.16 1.05 0.97-1.13 1.10 0.97-1.24 1.07* 1.01-1.13
3 1.10%* 1.03-1.18 0.99 0.92-1.07 1.14* 1.01-1.28 1.06* 1.00-1.12
2 1.02 0.95-1.09 0.89* 0.82-0.96 1.00 0.88-1.12 1.05 0.99-1.11
1 1.01 0.94-1.08 0.83%* 0.77-0.90 1.06 0.94-1.20 0.97 0.91-1.03
Charlson Comorbidity Index
(vs. no comorbidities)!
1 N/a N/a N/a N/a N/a N/a 0.94* 0.90-0.97
2 1.08** 1.03-1.13 1.09%* 1.03-1.16 1.02 0.93-1.12 0.95 0.90-1.00
3 1.2400%% 1.16-1.32 1.14%* 1.05-1.23 1.38%%* 1.24-1.53 1.15%%* 1.07-1.24
4 or more 1.50¢* 1.39-1.61 1,478k 1.35-1.60 1.60%x* 1.42-1.79 1.46%x* 1.34-1.58
Receiving specialist mental L81F  159-205  1.80%F 159205 1.69% 134213 195 176216
health care
History of prior CVD or statin
use (vs. no prior CVD, no prior
statin)
Prior CVD, no prior statin 1.36%+* 1.27-1.45 1.20%%* 1.11-1.30 1.14* 1.01-1.30 0.98 0.92-1.06
No prior CVD, prior statin 1.01 0.95-1.08 0.96 0.90-1.03 0.94 0.84-1.04 0.79%+* 0.75-0.83
Prior CVD, prior statin 1.05 0.99-1.10 0.98 0.92-1.05 0.84%* 0.76-0.92 0.70%** 0.67-0.74
Discharge year (vs. 2009-11)
2012-14 0.97 0.93-1.01 0.97%* 0.87-0.96 0.96 0.89-1.04 0.98 0.95-1.02
2015-17 0.83#x* 0.78-0.88 0.78*x* 0.73-0.84 0.83%* 0.74-0.93 0.77#%% 0.72-0.81

Note: (*¥%): p<0.001; (**): p<0.01; (¥): p<0.5; ' In the case of myocardial infarction, stroke and petipheral arterial disease the reference group is ‘one comorbidity” as
the Charlson Comorbidity Index classifies the presence of these conditions as a comorbidity.
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FIGURES

Figure A Overview of the linkage and study population

NHS Scotland
Administrative Data

Study Population

Prescribing Specialty mental
information health admissions

Eligible individuals in Scotland hospitalised for an atherosclerotic cardiovascular disease
event (ASCVD) between 1 Oct 2009 and 3 Jul 2017: 167,978

Ischaemic stroke Peripheral Other ASCVD
arterial disease (e.g- angina, hospital
32,873 15,149 stay <1 day) 69,597
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Figure B Flowchart of the study population

All individuals ever hospitalised for diseases of
the cardiovascular system (ICD-10 Chapter IX)
since 1981 and

- aged 18 years or older

- resident in Scotland

- still alive on 1 April 2009

N=1,271,510

Exclude individuals without ASCVD-
related conditions or procedures as
defined in Section 4.3.3: N=797,646

Total ASCVD study population: N=473,864

N

Exclude individuals who were not
hospitalised for ASCVD between 1
October 2009 and 3 July 2017:
N=276,880

ASCVD study population
(1 October 2009 — 3 July 2017) : N=196,984

\

Final ASCVD study population
(1 April 2009 - 3 July 2017) : N=167,978

Exclude individuals who

- had a hospital length of stay >90
days: N=4,752

- died within 150 days since index
discharge: N=21,835

- emigrated within 150 days since
index discharge: N=202

- were prescribed cardiovascular
medicines in non-pill format:
N=1,005

- were dispensed a medication supply
covering more than 365 days at any
point in time: N=837

- had missing information on sex or
deprivation level: N=375
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Figure C Statin initiation and discontinuation rates over time following myocardial infarction

event
Number of i with dial infarction initi: statin therapy

. 60,000
g
’5 50,359 MI hospital admissions in 2009-2017 = 100%
S 50,000 _________'IIZ%didnotIOO%
g initiate statin
<€ 40,000
B 44,440 (88%) 80%

Number of individ

10,000

initiated statin
within 150 days 60%

40%

20%

Odays  30days 60days 90days 120days 150 days
Time in days from hospital discharge

=@— Cumulative number of individuals initiating statin, 2009-2017
=== Total number of MI hospitalisions, 2009-2017

60,000

50,000

40,000

30,000

20,000

10,000

Number of statin initiators discontinuing statin therapy over time

44,440 individuals initiated statin in 2009-2017

S

,—ceamaa

12% of initiators

discontinued
statin within 1.5 '2‘3‘% of
years initiators
discontinued
statin
0.5 1 L5 2 25 3 35 4 5 6 7 8

Time in years from statin initiation

¢ G ive number of i

on statin, 2009-2017

= Cumulative number of individuals initiating statin, 2009-2017

== = Total number of MI hospitalisations, 2009-2017

Figure D Statin initiation and discontinuation rates over time following ischaemic stroke event
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Figure E Statin initiation and discontinuation rates over time following peripheral arterial disease

event
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Figure F Statin initiation and discontinuation rates over time following other ASCVD events
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Figure G Associations of patient characteristics with high-intensity statin initiation (a

multivariable logistic regression model)

High-intensity statin initiation Odds Ratio (95% CI)

Female (vs. male) . 0.94 (0.91-0.96)
Age (vs. 60-69 years old)

< 50 years e 1.33 (1.27-1.39)

50-59 years > 1.21 (1.17-1.25)

70-79 years * 0.75 (0.73-0.77)

80-89 years * 0.50 (0.48-0.52)

2 90 years > 031 (0.27-0.34)
Deprivation quintile (vs. 5, least deprived)

; » 1.02 (0.98-1.06)

> > 1.03 (0.99-1.07)

1 (most deprived) > 1.00 (0.96-1.04)
Charlson Comorbidity Index (vs. no * 0.95 (0.92-0.99)
comorbidities")

1 > 1.59 (1.54-1.64)

2 . 1.75 (1.69-1.82)

3 o 1.64 (1.56-1.72)

> 4 comorbidities o 1.68 (1.59-1.77)
Receiving specialist mental health care -
History of prior CVD or statin use 0.79 (0.71-0.87)
("'P"." prior CVD, no prior statin) *> 0.89 (0.85-0.94)

rior CVD, no prior statin

No prior CVD, prior statin * 1.13 (1.10-1.17)

Prior CVD, prior statin g 1.83 (1.77-1.88)
Discharge year (vs. 2009-11)

2012-14 * 1.31 (1.28-1.35)

2015-17 @ 347 (331-351)

0 0.5 1 15 2 25 3 35

'Defined as absence of 17
specified medical conditions.

Less likely More likely

Please note that the Chatlson Comorbidity Index (CCI) results presented in this figure are not easily interpretable due
to index MI, stroke and PAD included among the CCl-eligible comorbidities, leaving the remaining index ASCVD
conditions in the comparator “no comorbidity” category.
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