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Scotland in 2009-2017
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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 60-69 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% 180,000
= —— — — — — — — — 100%
8 160,000 19% did not ' 160,000
Q e :
2 140,000 mitiate Satin 140,000
g 80%
& 120,000 136,855 (81%) 120,000
3 initiated statin
% 100,000 within 150 days 60% 100,000
5 80,000 80,000
=
g 60,000 40% 60,000
o
3 40,000 40,000
& 20%
S 20000 20,000
=)
E 0 0
Z 0 days 30days 60days 90days 120days 150 days

Time in days from hospital discharge

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

Number of statin initiators discontinuing statin therapy over time

136,855 individuals initiated statin in 2009-2017

-~“‘~L~----
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.

100

m High-intensity statin = Low/medium-intensity statin

90

Proportion (%) of individuals initiating statin therapy, by statin intensity type

2009 2012 2015 | 2009 2012 2015 2009 2012 2015 j 2009 2012 2015 2009 2012 2015
to to to to to to to to to to to to to to to
2011 2014 2017 12011 2014 2017 2011 2014 2017 0 2011 2014 2017 2011 2014 2017
Overall Men ‘Women Age <50 Age 50-59

Overall By sex

2009 2012 2015 2009 2012 2015 2009 2012 2015 2012 2015
to to to to to to to to to to to to
2011 2014 2017 2011 2014 2017 2011 2014 2017 2011 2014 2017
Age 60-69 Age 70-79 Age 80-89 Age>90

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

Hazard Ratio (95% CI)

Female (vs. male) Y
1.17 (1.14-1.19)
Age (vs. 60-69 years old)
<50 years [ ] 1.22 (1.17-1.28)
50-59 years o 0.99 (0.95-1.02)
70-79 years ® 1.27 (1.23-1.31)
80-89 years @ 1.89 (1.83-1.96)
> 90 years —@— 3.48 (3.27-3.71)
Deprivation quintile (vs. 5, least deprived)
4 L4 1.07 (1.03-1.11)
3 ® 1.07 (1.03-1.11)
f most deprived : 1.00 (0.97-1.04)
most deprive:
0.95 (0.92-0.99
Charlson Comorbidity Index 95 ( )
s.no comorbidities!
v | idities’) ° 0.88 (0.85-0.91)
5 [ 0.94 (0.90-0.97)
3 @ 1.11 (1.06-1.16)
>4 comorbidities L J 1.39 (1.33-1.46)
Receiving specialist mental health care @ 1.84 (1.72-1.97)
History of prior CVD or statin use
(vs. n'o prior CVD, 1'10 pru?r statin) Y 1.44 (1.38-1.51)
Prior CVD, no prior statin Py
No prior CVD, prior statin 0.78 (0.75-0.80)
Prior CVD, prior statin L] 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)
Il
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.

Acknowledgements The Electronic Data Research and Innovation Service
(eDRIS) Team, National Services Scotland, supported this study through their
involvement in obtaining approvals, provisioning and linking National Health
Service (NHS) Scotland data and the use of the secure analytical platform within the
National Safe Haven.

Contributors All authors conceived and planned the study. IT performed the data
cleaning and formal analyses. BM, DP, IS, and AG supervised the project. IT wrote the
first draft of the manuscript. All authors contributed to the interpretation of results,
edited and commented on manuscript drafts and approved the final manuscript. DP
was guarantor for the study.

Funding This research was funded by the Oxford British Heart Foundation Centre
of Research Excellence (BHF CRE) Pump Priming Scheme (grant RE/13/1/30181),
Medical Research Council (MRC) Doctoral Training Programme studentship and a
University of Oxford Nuffield Department of Population Health (NDPH) doctoral
research scholarship.

Disclaimer The funders had no role in study design, data collection and analysis, or
preparation of this study, and the views expressed are those of the author and not
necessarily of the NHS, the BHF CRE, the MRC or the NDPH.

Competing interests The Nuffield Department of Population Health has a
policy that staff members do not receive personal payments, directly or indirectly,
from industry. DP reports that he is a committee member for the ongoing National
Institute for Health and Care Excellence Cardiovascular Disease: Risk Assessment
and Reduction, including Lipid Modification guideline, and an investigator on the
ORION-4 trial (inclisiran vs placebo for the secondary prevention of CVD), which is
funded by a grant from Novartis to the University of Oxford but for which he obtains
no salary support. DP and BM report that they are members of the Cholesterol
Treatment Trialists" Collaboration Secretariat. BM, AG and IS are investigators in
the ongoing NIHR HTA project 17/140/02 'Cost-effectiveness of statin therapies
evaluated using individual participant data from large randomised clinical trials'.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are
not publicly available. The data that support the findings of this study are available
from Information Services Division (ISD), Public Health Scotland but restrictions apply
to the availability of these data, which were used under licence for the current study
and so are not publicly available. Data are however available from the authors upon
reasonable request and with permission of ISD, Public Health Scotland.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01.

ORCID iDs

Inna Thalmann http://orcid.org/0000-0003-1958-9655
David Preiss http://orcid.org/0000-0003-3139-1836

Iryna Schlackow http://orcid.org/0000-0002-4154-1431
Alastair Gray http://orcid.org/0000-0003-0239-7278
Borislava Mihaylova http://orcid.org/0000-0002-0951-1304

REFERENCES

Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, Blackwell L, et a/.

Efficacy and safety of more intensive lowering of LDL cholesterol: a meta-analysis of

data from 170,000 participants in 26 randomised trials. Lancet 2010;376:1670-81.

Hyun KK, Brieger D, Woodward M, et al. The effect of socioeconomic disadvantage on

prescription of guideline-recommended medications for patients with acute coronary

syndrome: systematic review and meta-analysis. Int J Equity Health 2017;16:162.

Lewey J, Shrank WH, Bowry ADK, et al. Gender and racial disparities in adherence to

statin therapy: a meta-analysis. Am Heart J 2013;165:665-78.

Scottish Intercollegiate Guidelines Network (SIGN). SIGN 149 - Risk estimation and

the prevention of cardiovascular disease, a national clinical guideline [Internet], 2017.

Available: https://www.sign.ac.uk/assets/sign149.pdf

Scottish Intercollegiate Guidelines Network. SIGN 97 - Risk estimation and the

prevention of cardiovascular disease, a national clinical guideline, 2008.

National Institute for Health Care and Excellence (NICE). Cardiovascular disease: risk

assessment and reduction, including lipid modification, Clinical guideline [CG181]

[Internet], 2014. Available: https://www.nice.org.uk/guidance/cg181

National Institute for Health Care and Excellence (NICE). Lipid modification:

Cardiovascular risk assessment and the modification of blood lipids for the primary

and secondary prevention of cardiovascular disease, Clinical guideline [CG67]. NICE,

2008.

8 Malo S, Aguilar-Palacio I, Feja C, et a/. Different approaches to the assessment of
adherence and persistence with cardiovascular-disease preventive medications. Curr
Med Res Opin 2017;33:1329-36.

9 Clancy ZA, . Mpr and PDC: implications for interpretation of adherence research
results. Value in Health 2013;16:A53.

N

w

~

(&3]

o

~

394

Thalmann |, et al. Heart 2023;109:388—395. doi:10.1136/heartjnl-2022-321452


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1958-9655
http://orcid.org/0000-0003-3139-1836
http://orcid.org/0000-0002-4154-1431
http://orcid.org/0000-0003-0239-7278
http://orcid.org/0000-0002-0951-1304
http://dx.doi.org/10.1016/S0140-6736(10)61350-5
http://dx.doi.org/10.1186/s12939-017-0658-z
http://dx.doi.org/10.1016/j.ahj.2013.02.011
https://www.sign.ac.uk/assets/sign149.pdf
https://www.nice.org.uk/guidance/cg181
http://dx.doi.org/10.1080/03007995.2017.1321534
http://dx.doi.org/10.1080/03007995.2017.1321534
http://dx.doi.org/10.1016/j.jval.2013.03.297

Healthcare delivery, economics and global health

10 National Institute for Health and Care Excellence. Cardiovascular disease: risk
assessment and reduction, including lipid modification, Appendix A: Grouping of

statins [Internet], 2016. Available: https://www.nice.org.uk/guidance/cg181/chapter/

appendix-a-grouping-of-statins

11 Cox DR. Regression models and Life-Tables. J R Stat Soc 1972;34:187-202.

12 Schoenfeld D. Partial residuals for the proportional hazards regression model.
Biometrika 1982;69:239-41.

13 Cannon CP, Blazing MA, Giugliano RP, et a/. Ezetimibe added to statin therapy after
acute coronary syndromes. N £ngl J Med 2015;372:2387-97.

14 Rosenson RS, Farkouh ME, Mefford M, et al. Trends in Use of High-Intensity
Statin Therapy After Myocardial Infarction, 2011 to 2014.J Am Coll Cardiol
2017;69:2696-706.

15 Nanna MG, Wang TY, Xiang Q, et al. Sex differences in the use of statins in community

practice. Circ Cardiovasc Qual Outcomes 2019;12:e005562.

16 Ovbiagele B, Schwamm LH, Smith EE, et al. Recent nationwide trends in
discharge statin treatment of hospitalized patients with stroke. Stroke
2010;41:1508-13.

17 Hudson M, Richard H, Pilote L. Parabolas of medication use and discontinuation after

myocardial infarction--are we closing the treatment gap? Pharmacoepidemiol Drug
Saf 2007;16:773-85.

18 Cholesterol Treatment Trialists" (CTT) Collaboration, Fulcher J, 0'Connell R,
et al. Efficacy and safety of LDL-lowering therapy among men and women:
meta-analysis of individual data from 174,000 participants in 27 randomised
trials. Lancet 2015;385:1397-405.

19 Cholesterol Treatment Trialists' Collaboration. Efficacy and safety of statin therapy
in older people: a meta-analysis of individual participant data from 28 randomised
controlled trials. Lancet 2019;393:407-15.

20

21

22

23

24

25

26

27

28

29

Setoguchi S, Glynn RJ, Avorn J, et al. Ten-year trends of cardiovascular drug use after
myocardial infarction among community-dwelling persons > or =65 years of age. Am
J Cardiol 2007;100:1061-7.

Colantonio LD, Huang L, Monda KL, et al. Adherence to high-intensity statins
following a myocardial infarction hospitalization among Medicare beneficiaries. JAMA
Cardiol 2017;2:890-5.

Sigvant B, Hasvold P, Thuresson M, et al. Myocardial infarction and peripheral arterial
disease: treatment patterns and long-term outcome in men and women results from a
Swedish nationwide study. Eur J Prev Cardiol 2021;28:1426-34.

Subherwal S, Patel MR, Kober L, et al. Missed opportunities: despite improvement in
use of cardioprotective medications among patients with lower-extremity peripheral
artery disease, underuse remains. Circulation 2012;126:1345-54.

Glader E-L, Sjolander M, Eriksson M, et a/. Persistent use of secondary preventive
drugs declines rapidly during the first 2 years after stroke. Stroke 2010;41:397-401.
Aday AW, Everett BM. Statins in peripheral artery disease: what are we waiting for?
Circulation 2018;137:1447-9.

Vergouwen MDI, de Haan RJ, Vermeulen M, et a/. Statin treatment and the occurrence
of hemorrhagic stroke in patients with a history of cerebrovascular disease. Stroke
2008;39:497-502.

Collins R, Reith C, Emberson J, et al. Interpretation of the evidence for the efficacy and
safety of statin therapy. Lancet 2016;388:2532-61.

Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of cholesterol-lowering
treatment: prospective meta-analysis of data from 90,056 participants in 14
randomised trials of statins. Lancet 2005;366:1267-78.

Cannon CP, Steinberg BA, Murphy SA, et al. Meta-Analysis of cardiovascular
outcomes trials comparing intensive versus moderate statin therapy. JAm Coll Cardiol
2006;48:438—-45.

Thalmann |, et al. Heart 2023;109:388-395. doi:10.1136/heartjnl-2022-321452

395


https://www.nice.org.uk/guidance/cg181/chapter/appendix-a-grouping-of-statins
https://www.nice.org.uk/guidance/cg181/chapter/appendix-a-grouping-of-statins
http://dx.doi.org/10.1111/j.2517-6161.1972.tb00899.x
http://dx.doi.org/10.1093/biomet/69.1.239
http://dx.doi.org/10.1056/NEJMoa1410489
http://dx.doi.org/10.1016/j.jacc.2017.03.585
http://dx.doi.org/10.1161/CIRCOUTCOMES.118.005562
http://dx.doi.org/10.1161/STROKEAHA.109.573618
http://dx.doi.org/10.1002/pds.1414
http://dx.doi.org/10.1002/pds.1414
http://dx.doi.org/10.1016/S0140-6736(14)61368-4
http://dx.doi.org/10.1016/S0140-6736(18)31942-1
http://dx.doi.org/10.1016/j.amjcard.2007.04.052
http://dx.doi.org/10.1016/j.amjcard.2007.04.052
http://dx.doi.org/10.1001/jamacardio.2017.0911
http://dx.doi.org/10.1001/jamacardio.2017.0911
http://dx.doi.org/10.1177/2047487319893046
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.108787
http://dx.doi.org/10.1161/STROKEAHA.109.566950
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.033092
http://dx.doi.org/10.1161/STROKEAHA.107.488791
http://dx.doi.org/10.1016/S0140-6736(16)31357-5
http://dx.doi.org/10.1016/S0140-6736(05)67394-1
http://dx.doi.org/10.1016/j.jacc.2006.04.070

	Population-­wide cohort study of statin use for the secondary cardiovascular disease prevention in Scotland in 2009–2017
	Abstract
	Methods
	Data
	Study population
	Primary outcomes: statin initiation, adherence, discontinuation and reinitiation
	Patient characteristics
	Statistical analyses

	Results
	Statin initiation
	Statin adherence and discontinuation

	Discussion
	Conclusions
	References


