Healthcare delivery, economics and global health

®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit the
journal online (https://doi.
org/10.1136/heartjnl-2024-
324052).

For numbered affiliations see
end of article.

Correspondence to

Dr Borislava Mihaylova,

Health Economics Research
Centre, Nuffield Department of
Population Health, University of
Oxford, Oxford, OX3 7LF UK;
boby.mihaylova@dph.ox.ac.uk

BM and RW are joint first
authors.

Received 19 February 2024
Accepted 23 July 2024

| '.) Check for updates

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY.
Published by BMJ.

To cite: Mihaylova B,

Wu R, Zhou J, et al. Heart
Epub ahead of print:
[please include Day Month
Year]. doi:10.1136/
heartjnl-2024-324052

Original research

Lifetime effects and cost-effectiveness of statin therapy
for older people in the United Kingdom: a

modelling study

Borislava Mihaylova
Iryna Schlackow

Colin Baigent’

ABSTRACT

Background Cardiovascular disease (CVD) risk increases
with age. Statins reduce cardiovascular risk but their effects
are less certain at older ages. We assessed the long-term
effects and cost-effectiveness of statin therapy for older
people in the contemporary UK population using a recent
meta-analysis of randomised evidence of statin effects in
older people and a new validated CVD model.

Methods The performance of the CVD microsimulation
model, developed using the Cholesterol Treatment Trialists'
Collaboration (CTTC) and UK Biobank cohort, was assessed
among participants =70 years old at (re)surveys in UK
Biobank and the Whitehall Il studies. The model projected
participants’ cardiovascular risks, survival, quality-adjusted
life years (QALYs) and healthcare costs (2021 UKE) with and
without lifetime standard (35%—45% low-density lipoprotein
cholesterol reduction) or higher intensity (=45% reduction)
statin therapy. CTTC individual participant data and other
meta-analyses informed statins' effects on cardiovascular
risks, incident diabetes, myopathy and rhabdomyolysis.
Sensitivity of findings to smaller CVD risk reductions and

to hypothetical further adverse effects with statins were
assessed.

Results In categories of men and women =70 years old
without (15,019) and with (5,103) prior CVD, lifetime use of
a standard statin increased QALYs by 0.24—0.70 and a higher
intensity statin by a further 0.04—0.13 QALYs per person.
Statin therapies were cost-effective with an incremental

cost per QALY gained below £3502/QALY for standard

and below £11778/QALY for higher intensity therapy and
with high probability of being cost-effective. In sensitivity
analyses, statins remained cost-effective although with larger
uncertainty in cost-effectiveness among older people without
prior CVD.

Conclusions Based on current evidence for the effects of
statin therapy and modelling analysis, statin therapy improved
health outcomes cost-¢effectively for men and women =70
years old.

INTRODUCTION

Statins are widely available generically and a corner-
stone in cardiovascular disease (CVD) prevention.
High-quality randomised evidence has shown that
statins reduce the incidence of myocardial infarc-
tion (MI) and ischaemic stroke by about one quarter
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Randomised studies showed that statins reduce
the incidence of myocardial infarction and
ischaemic stroke by about one quarter for every
1 mmol/L reduction in low-density lipoprotein
cholesterol but direct evidence among older
people without prior cardiovascular disease
(CVD) is limited.

= In previous studies, statin therapy has been
shown to be cost-effective in older people,
but it has been suggested that a small further
adverse effect would offset its cardiovascular
benefit.

= Despite markedly increased CVD risks with
advancing age, lower statin use is reported
among older people.

WHAT THIS STUDY ADDS

= The value of statin therapy was reassessed
using a contemporary UK CVD model validated
in older people together with the synthesised
evidence of statins’ beneficial effects on CVD
events and adverse effects on myopathy,
rhabdomyolysis and incident diabetes.

= The study reported that both standard and
higher intensity statin therapies enhanced
health outcomes, with higher intensity therapy
achieving larger benefits, and were cost-
effective in people =70 years old in the UK.
These findings remained robust in scenarios
with smaller CVD risk reductions and further
hypothetical adverse effects with statin therapy,
though with increased uncertainty among older
people without CVD.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= While ongoing statin trials in older people
without CVD will add valuable data, particularly
in those over the age of 75 years, statin
treatment of individuals should not be delayed
while awaiting their findings.

= Increasing statin uptake and adherence among
older people will reduce CVD risks.
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for every 1 mmol/L reduction in low-density lipoprotein choles-
terol (LDL-C). More intensive statin regimens achieve larger
reductions in LDL-C and prevent more atherosclerotic cardio-
vascular events." However, there is less definitive evidence for
statin benefit among older patients without CVD history* and
guidelines stop short of making specific recommendations on
initiating statins for primary CVD prevention in older people.® *
Despite the growing proportion of older people (people =70
years old make up about 30% of those over the age of 40 years
in the UK) and the markedly higher cardiovascular risk with
increasing age, lower statin use is reported.’ ¢

Evidence for treatments’ long-term effects and cost-
effectiveness guides healthcare decisions in many countries
and healthcare systems, including in the UK. Such evidence
ensures that by implementing cost-effective treatments, health-
care systems efficiently use their resources to maximise popula-
tion health. Previous evidence has indicated that statin therapy
is likely to be cost-effective for older people, but the estimates
were sensitive to further adverse effects of statins or lower
statin effectiveness.”” A recent individual participant data meta-
analysis of large statin trials strengthened the evidence for effi-
cacy and safety of statins in older people.” Therefore, we set
out to reassess the lifetime effects and cost-effectiveness of statin
therapy in people =70 years old in the contemporary UK popu-
lation, in categories by prior CVD, sex and LDL-C level, using
this evidence® and a new UK CVD microsimulation model.'

METHODS

Study population

The lifetime effects and cost-effectiveness of statin therapy were
assessed in categories of UK adults =70 years old in the UK
Biobank and the Whitehall IT cohort studies. All UK Biobank
participants =70 years old at recruitment into the study (2006—
2010), and those who reached this age by subsequent resurveys,
were included in the present study from their earliest eligible
attendance. All Whitehall IT participants =70 years old at phase
9 (2007-2009) in Whitehall II were also included. Informa-
tion on the derivation of participants’ baseline characteristics
is presented in the online supplemental methods. To assess the
lifetime effects of statin therapy, a model is required that reliably
projects individual participant’s morbidity, mortality, quality of
life (QoL) and healthcare costs over their lifetimes without and
with statin therapy.

CVD microsimulation model

The CVD microsimulation model has been reported else-
where.'” Briefly, the model was developed using the individual
participant data of large statin clinical trials, and calibrated
using the UK Biobank’s participant data. The model employs
a broad range of socio-demographic and clinical characteristics
to project annually the first occurrence of MI, stroke, coronary
revascularisation, vascular death, incident diabetes, incident
cancer and non-vascular death. Participant characteristics and
incident events determined health-related QoL'® and primary
care and hospital admission costs'! in the model. The model was
validated in UK Biobank and Whitehall II studies and against
national data.

CVD microsimulation model validation in older people

In the present study, the model performance was further assessed
among participants =70 years old during follow-up in the UK
Biobank and Whitehall II studies using their linked electronic
hospital admissions, primary care records (UK Biobank only),

Table 1 Statin treatment effects and statin treatment costs

Item Value Source

LDL cholesterol reductions with statin therapy:

»  With standard statin therapy 37%—43%; 43% used Meta-analysis of
(eg, atorvastatin 20 mg/day, randomised controlled
rosuvastatin 5-10mg/day or trials'?
simvastatin 40-80 mg/day)

»  With higher intensity statin therapy ~48%-58%; 55% used Meta-analysis of
(eg, atorvastatin 40-80 mg/day, randomised controlled
rosuvastatin 20-80 mg/day) trials'

Cholesterol Treatment
Trialists Collaboration
individual participant data
meta-analysis’

Effects of statin therapy on
cardiovascular events per 1 mmol/L
reduction in LDL cholesterol, Risk
Ratio (RR) (95% CI)

»  Myocardial infarction (MI) RR 0.76 (0.73 to 0.79)
»  Stroke RR 0.84 (0.80 to 0.89)
» Coronary revascularisation (CRV) RR0.75 (0.73 t0 0.78)
» Cardiovascular death RR 0.88 (0.85 t0 0.91)

Adverse effects of statin therapy on:
Incident diabetes, OR (95% Cl)

»  With standard statin therapy
compared with no statin treatment

OR 1.09 (1.02 t0 1.17) Meta-analyses of
randomised controlled

trials™

»  With higher intensity statin therapy OR 1.12 (1.04 to 1.22) Meta-analyses of
compared with standard statin randomised controlled
therapy trials'

Myopathy
»  Excess rate per 100000 treated

with statin therapy pre-year
(95%CI)

»  Occurrence of myopathy is
associated with reduction in QoL
over 30 days recovery period. Statin
treatment is stopped.

Overview of cohort
studies'

11 (410 27)

0.017 QALY reduction in
year of event

Modelling study.'®

Rhabdomyolysis

»  Excess rate per 100000 treated 3.4(1.61t06.5) Overview of cohort
with statin therapy per year studies'®
(95% Cl)

»  Case fatality 10% Overview of cohort

studies'

»  Reduction in QoL 50% over 7.5days hospital Modelling study.'
admission and by 20% for

further 30 days recovery
Statin therapy costs

» Standard statin therapy
(eg, atorvastatin 20 mg/day,
rosuvastatin 510 mg/day or
simvastatin 40-80 mg/day)

£14.09 to £19.57 per year; NHS Drug tariff, December
£14.35 used in base-case  2021"7

» Higher intensity statin therapy
(eg, atorvastatin 40-80 mg/day,
rosuvastatin 20-40 mg/day)

£15.91 to £27.91 per year; NHS Drug tariff, December
£21.91 used in base-case ~ 2021"7

Statin initiation and monitoring healthcare costs

» in year of initiation (doctor and £54.65
nurse consultations; tests of blood
lipids, HbA1c, thyroid function)

» in subsequent years: a nurse £12.05
consultation and a blood lipids test
(for people with history of CVD)

Unit costs for Health
and Social Care'®; NHS
reference costs'®

Unit costs for Health
and Social Care'®; NHS
reference costs'®

CVD, cardiovascular disease; HbA1c, hemoglobin A1C ; LDL, low-density lipoprotein; NHS, National
Health Service England; NICE, National Institute for Health and Care Excellence; OR, odds ratio; QoL,
quality of life; RR, relative risk.

cancer registrations and death records to identify MlIs, strokes,
coronary revascularisations (UK Biobank only), incident diabetes
(UK Biobank only), cancers and deaths during follow-up.

Effects and costs of statin therapy

The Cholesterol Treatment Trialists’ Collaboration (CTTC) indi-
vidual participant data meta-analysis of large randomised statin
trials informed the relative reductions in the risks of cardio-
vascular events per 1mmol/L in LDL-C with statin therapy
(table 1) of 249% in MI risk, 16% in stroke, 25% in coronary
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revascularisation and 12% in cardiovascular death.” We assessed
the effects of standard (eg, achieving 35%-45% LDL-C reduc-
tion: atorvastatin 20mg/day, rosuvastatin 5-10mg/day or
simvastatin 40-80 mg/day) and higher intensity statin therapy
(eg, achieving =45% LDL-C reduction: atorvastatin 40-80 mg/
day, rosuvastatin 20-40mg/day) (online supplemental table
1).!2 The reduction in LDL-C achieved with each level of statin
intensity was derived using the therapy’s proportional reduction
and participant’s untreated LDL-C level (with the effects of any
ongoing statin therapy removed). Meta-analyses of statin thera-
pies informed 9% excess odds of new-onset diabetes with stan-
dard® and further 129 excess odds with higher intensity' statin
therapy. An overview of cohort studies informed excess rates of
myopathy (11 cases per 100 000 treated per year) and rhabdomy-
olysis (3.4 cases per 100000 treated per year; 10% case fatality)
with statin therapy'’; with myopathy and rhabdomyolysis effects
on QoL informed from a modelling study.'® Generic statin medi-
cation costs,!” costs of consultations'® and blood lipids tests"
for initiation and monitoring of statin prescribing in the UK
National Health Service were included (table 1).

Cost-effectiveness of statin therapy

We employed the model to project event risks and survival and
summarise life years, quality-adjusted life years (QALYs) and
primary and hospital care costs over individuals’ remaining life-
times (ie, death or 110 years of age) without and with statin
therapy and to assess the cost-effectiveness of different statin
therapies in categories of older individuals.

Base-case analysis

In our base-case analysis, we assessed the cost-effectiveness of
lifetime statin therapy from the perspective of the UK National
Health Service under a number of key assumptions based on
current evidence. First, the reductions in individuals’ LDL-C
levels with a particular statin therapy were assumed to corre-
spond to the average proportional reduction achieved with the
therapy. Second, we assumed that the relative effects of a partic-
ular statin therapy on event risks were independent of duration
of therapy or individual person characteristics including age (ie,
the overall effects reported in meta-analyses were employed).
Third, disease events were assumed not to differ in severity or
otherwise, irrespective of statin treatment status. Finally, statin
therapy was assumed not to affect the risks of cancer or other
non-vascular events,”® nor confer any discomfort or disutility
beyond the adverse events specified above.

Assessment of uncertainty

We ran 500 microsimulations per individual for each set
of parameters. We summarised the parameter uncertainty,
including uncertainty in effects of statin therapy on vascular and
non-vascular events, all event risk equations, QoL and health-
care cost equations in the decision-analytic model using 1000
sets of parameter values, derived using a bootstrap approach,
employing sampling with replacement from respective popu-
lations.?! Values for treatment effects were sampled from
lognormal distributions corresponding to the natural logarithm
of relative risk reductions with statin therapy.

We report life years and QALYs gained, the additional statin
and other healthcare costs (2020/2021 UK£) and the incremental
costs per QALY with standard and higher-intensity statin thera-
pies. We discounted future QALYs and costs at 3.5% per year
in the summary measures for cost-effectiveness.”> We present

cost-effectiveness acceptability curves for willingness-to-pay
values from £0-£40K/QALY.

Sensitivity and scenario analyses
The following parameters were varied. First, in view of the
higher uncertainty in the effects of statin therapy in older
people, in scenario analyses, we applied relative risk reductions
in cardiovascular endpoints per 1mmol/L LDL-C, informed
from data only among: (1) people >75 years old at randomi-
sation and (2) people >75 years old and without prior CVD at
randomisation in the individual participant data meta-analysis.?
Second, to explore sensitivity to possible double counting of
statin effects in the model through its direct effect on vascular
death risk and indirect effects through MI and stroke risks, we
studied the impact of smaller direct relative risk reduction in
cardiovascular death with statin therapy (ie, 7% instead of 12%
per 1mmol/L in LDL-C reduction). Third, to assess sensitivity
to variation in major non-vascular disease risk, we ran scenario
analyses with a small detrimental or beneficial statin effect on
incident cancer, informed by the 95% CI limits reported in a
meta-analysis of randomised statin trials.*’ Fourth, in acknowl-
edgement of substantial rates of statin discontinuation and
reinitiation, a scenario analysis assessed statin cost-effectiveness
using estimated real-world compliance with statin derived from
routine UK data,”® with statin effects and costs discontinued
with therapy discontinuation. Fifth, to acknowledge the uncer-
tainty concerning any further QoL disutility from taking a daily
statin pill, we included analyses with yearly disutility equal to
0.001, 0.002 or 0.005. Sixth, we present scenarios with doubled
risk of non-vascular death; with lower general QoL; and both
together to assess sensitivity to further reduced potential in older
people to benefit from preventive treatment. We also present
scenario analyses with only healthcare costs for CVD and inci-
dent diabetes included; with higher costs of statin therapy and
with 1.5% discount rate for costs and outcomes.

Further details are provided in theonline supplemental
methods.

Patient and public involvement

Three members of the public were involved in the study manage-
ment and steering groups. Study methods and results were also
discussed in separate sessions with our lay members who helped
us refine the study methodology and approach to presenting
study findings.

RESULTS

The baseline characteristics of participants =70 years old in
the UK Biobank and Whitehall IT studies in categories by prior
CVD are presented in table 2 and online supplemental table 2.
There were 15019 (52% men; mean age 72.5 years) participants
without CVD and 5103 (66% men; mean age 72.9 years) with
history of CVD. Among participants without and with prior
CVD, 29% and 58%, respectively, were prescribed a statin at
baseline and the derived untreated mean LDL-C levels were
4.2mmol/L (SD 0.78 mmol/L) and 4.3mmol/L (SD 0.98 mmol/L),
respectively.

In model validation, the cumulative event rates predicted
by the CVD microsimulation model, using the baseline char-
acteristics of participants =70 years old, corresponded mostly
well to the observed rates of cardiovascular and non-vascular
events in categories of participants by prior CVD, respectively,
though higher MI risks, but not cardiovascular death risks, were
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predicted among participants with prior CVD in UK Biobank
but not in Whitehall IT study (figure 1).

In participant categories by sex, prior CVD and LDL-C level,
standard statin therapy was projected to increase individual
survival (undiscounted) by 0.37 to 1.05 life years (0.24 to 0.7
LA 67 L i 15019 >103 QALYs), and higher intensity statin therapy by a further 0.08 to
bR B, ) 0.21 life years (0.04 to 0.13 QALYs) (figure 2A, online supple-

Table 2 Baseline characteristics of UK Biobank and Whitehall |1
participants 70 years and older

Participants Participants with
without CVD prior CVD

elolvears 3149 (21%) 1345 (26%) mental tables 3 and 4). Across these categories, the incremental
Ma"ffex s B cost per QALY gained for standard statin therapy compared
Ethnicity with no statin ranged from £116 to £3502 and that for higher
White 14686 (98%) 4916 (36%) intensity compared with standard statin from £2213 to £11778
Black 55 (0%) 13 (0%) per QALY (figure 2B). The analyses of parameter uncertainty
South Asian 166 (1%) 134 3%) indicated that at £20 000/QALY willingness to pay threshold,
Other* 112 (1%) 40 (1%) higher intensity statin therapy had a very high probability of
Townsend socioeconomic deprivation being cost-effective across all categories of men and women =70
Quintile 1 (least deprived) 6370 (42%) 1926 (38%) years old (figure 3). The probability that statin therapy was cost-
Quintile 2 3066 (20%) 1005 (20%) effective for people =70 years old remained high even at a cost-
Quintile 3 2879 (19%) 1123 (22%) effectiveness threshold of £5K/QALY. However, at this lower
Quintile 4 1774 (12%) 693 (14%) threshold, the standard statin therapy had the highest proba-
Quintile 5 930 (6%) 356 (7%) bility of being cost-effective among women with a pretreatment
Smoking status LDL-C lower than 4.1 mmol/L and among men with a pretreat-
Never 8523 (57%) 2486 (49%) ment LDL-C lower than 3.4 mmol/L (figure 3).
Former smoker 6034 (40%) 2444, (48%) These cost-effectiveness results remained robust in a wide
Current smoker 462 (3%) 173 (3%) range of sensitivity analyses (figure 4, online supplemental table
Physical activity 5) with higher sensitivity noted for a higher intensity statin at a
High 5257 (35%) 1694 (33%) five times higher price. In particular, although reduced gains in
Moderate 5486 (37%) 1934 (38%) QALYs were projected, standard statin therapy remained cost-
Low 1806 (12%) 688 (13%) effective in people =70 years old if relative risk reductions after
Missing 2470 (16%) 787 (15%) age 75 were equal to those reported in the subgroup of partici-
Unhealthy diet (incl. uncertain) 4363 (29%) 1765 (35%) pants >75 years old, or indeed in the subgroup of participants
BMI (kg/mt) 27 (4.1) 27 (4.3) >75 years old without CVD at randomisation, in the CTTC
<185 99 (1%) 24 (0%) meta-analysis (figures 4 and 5 and online supplemental figure 1).
18.5-25 5642 (38%) 1478 (29%) Higher intensity statin therapy remained cost-effective among
25-30 6674 (44%) 2380 (47%) older people with pretreatment cholesterol levels 3.4 mmol/L or
30-35 2084 (14%) 941 (18%) higher. In these scenario analyses with lower CVD risk reduc-
35-40 422 (3%) 222 (4%) tions with statin therapy, the probability of standard or higher
40+ 98 (1%) 58 (1%) intensity statin therapy being cost-effective remained higher
LDL-C (mmol/L) 3.7 (0.65) 3.2(0.74) than no statin therapy in all categories of older people but was
HDL-C (mmol/L) 1.7 (031) 1.6 (0.32) substantially reduced among older women with lower LDL-C
On statin treatment 4289 (29%) 2979 (58%) levels.
Derived untreated LDL-C (mmol/L)t 4.2 (0.78) 4.3 (0.98)
Creatinine (umol/L) 78 (13) 84 (19) DISCUSSION
Systolic BP (mm Hg) 146 (18) 142 (19) i . .
— This assessment of the lifetime effects and cost-effectiveness of
Diastolic BP (mm Hg) 79 (10) 77(11) in th K le =70 1 in the UK d
Treated hypertension 4076 (27%) 2631 (52%) statin t 'erapy 1npeop e = /D years o . n t_ ¢ }lse contempo-
— rary patient data, a validated CVD microsimulation model and a
Prior diabetes 1154 (8%) 782 (15%) lysis of the eff ¢ .
brior cancer T AT meta-analysis of the effects of statin treatment across age catego-
- ries. It concluded that lifetime statin treatment increased quality-
Severe mental illness 1206 (8%) 452 (9%) . . . .
ST of-life-adjusted survival in older men and women and, at UK
Wi ont Y T cost of generic statins, was highly cost-effective for all, irrespec-
0, . . . . . . .
/ tive of their CVD history or LDL-C level. Higher intensity statin
PAD only 380 (7%) . . .
therapy was the strategy likely to bring the highest health bene-
Other CHD# only 2910 (57%) . . . .
fits cost-effectively, although standard statin regimens would
Stroke only 343 (7%) . . .- .
achieve most of these benefits. These findings remained robust
Two or more of MI, PAD other CHD or stroke 1367 (27%)

in sensitivity analyses with smaller cardiovascular risk reductions
Values are mean (SD) or number (%).

*Qther ethnicity includes Chinese, Mixed, White and Black Caribbean, White and Black African, with statin therapy, though smaller benefits were prOJected and
White and Asian, any other mixed background and other ethnic group. standard statin therapy became the preferred option for older
tAdjusted for use of statin treatment at baseline by statin type and dose. . = <

$0ther CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive people .Wlth LD.L Clevels <3.4mmol/L. . X 3 .
heart disease, angina pectoris, other acute ischaemic heart disease, chronic ischaemic heart In this analYSIS, we used the overall relative risk reductions in
disease, pulmonary heart disease and other form of heart disease. cardiovascular events per 1 mmol/L LDL-C reduction with statin
BP, blood pressure; CHD, coronary heart disease; CVD, cardiovascular disease; HDL, high- th . the simil lati isk reducti t
density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; PAD, peripheral el"ap?l glver? e §1m1 arre .a_we risk reduc 1on_s across -age f:a e;
arterial disease. gories in the individual participant meta-analysis of statin trials.
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Figure 1

In the Whitehall Il study, no linked data for CRV and diabetes were available and, therefore, no model validation performed for CRV and diabetes. CRY,

CVD microsimulation model validation among UK Biobank and Whitehall Il participants 70 years and older.

coronary revascularisation; CVD, cardiovascular disease; MI, myocardial infarction; NVD, nonvascular death; VD, vascular disease.

Standard statin vs. no statin

Without CVD
By LDL cholesterol (mmol/L)

<3.4

3.4-41

With CVD

24.1

Higher intensity vs. Standard statin

Undiscounted
life years gained

Men 0.08 0.12 0.21
06 (Weee (Wos Undiscounted QALYs gained
Women | 008 | 011 | 017 0.15 [ ]Ber length as
-) -7 -I_ - proportion of life
4 .06 years gained
B

Men
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Higher intensity vs. Standard statin

Without CVD
By LDL cholesterol (mmol/L)

<3.4

3.4-41
Standard statin vs. no statin

With CVD

24.1

ICER

(E/QALY gained)

£10K

Figure 2 Life years and QALYs gained (A) and cost-effectiveness (B) of lifetime statin therapy in categories by prior cardiovascular disease, sex and
pre-treatment LDL cholesterol level. Incremental Cost-Effectiveness Ratio (ICER) is the ratio of the incremental costs divided by the incremental QALYs
with costs and QALYs discounted at 3.5% per year. CVD, cardiovascular disease; LDL, low density lipoprotein; QALY, quality-adjusted life years.
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The meta-analysis, however, noted trends towards smaller
proportional reductions in major coronary events and vascular
deaths in older people. Data were particularly limited among
participants >75 years old without prior CVD, where there
was no direct evidence for statistically significant cardiovascular
risk reductions with statin therapy. In the present report, two
scenario analyses assessed the sensitivity of findings to the size
of statin effects using relative risk reductions in cardiovascular
events in the meta-analysis (1) among participants >75 years
old, and (2) among participants >75 years old without prior
CVD at randomisation. In both scenarios, despite smaller net
health benefits, statin therapy remained cost-effective although
with larger uncertainty.

We previously reported that statin therapy, at generic prices, is
highly cost-effective in UK across patients 40-70 years old irre-
spective of their sex, age, CVD risk and LDL-C level.*! Here, we
extend this work to older people and indicate that, although the
gains in QALYs are smaller, the additional costs are also lower,
and the incremental cost per QALY remains highly attractive.
Moreover, with a substantially higher CVD risk (99% of =70
years old UK Biobank participants without prior CVD had esti-
mated 10year CVD risk =10%j; and 88% had 10-year CVD risk
=>15%, data not shown), the level of risk is irrelevant in guiding
statin treatment decisions in older people.

This reassessment of statins’ value in the contemporary
older UK population confirms findings of earlier cost-
effectiveness studies® ® and reaffirms that, despite substantial

reductions in CVD incidence and mortality over the last
decades, statins remain a cornerstone in CVD prevention in
this population. Our findings differ from an earlier study of
cost-effectiveness of statin therapy for the primary preven-
tion of CVD in people =75 years old, which reported that,
although statin treatment was highly cost-effective, even a
small hypothetical increase in a geriatric-specific adverse
effect (ie, reducing disability-adjusted life years by 0.003-
0.004) would offset its cardiovascular benefit.” In our study,
the known small excesses of myopathy, rhabdomyolysis
and incident diabetes with statin treatment were explicitly
integrated, and our findings remained robust to hypothet-
ical further statin-associated reductions in QoL up to 0.005
QALY/ year and to lower statin efficacy, suggesting that the
value of statin therapy for older people is more certain than
implied. It is important to also underline that high-quality
randomised evidence indicate that the vast majority of
adverse effects reported on statin therapy were also reported
in the absence of statin therapy,** indicating serious misat-
tribution of adverse effects in observational and uncontrolled
studies.

Our results indicate that older people are likely to cost-
effectively benefit from statin treatment. Statin treatment
rates in our =70 years old cohort (29% among people
without CVD to 58% among people with prior CVD) were
similar to statin treatment rates reported by the Health Survey
for England.*® Hence, from the 9.1 million adults =70 years
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old in UK,?” a third of them with prior CVD,?® just over
40%, or less than 4 million, are receiving statin treatment.
While further evidence for statins effects in older people
will be helpful, the robustness of the findings to variations
in key parameters suggests that delaying statin treatment in
the millions of older people while awaiting new evidence is
unjustifiable.

Our study has a number of strengths. We used a contem-
porary UK CVD model, developed using a large and rich
population biobank with demonstrable ability to predict
cardiovascular and mortality risks in older people. We used
the baseline characteristics of more than 20 000 people =70
years old to evaluate lifetime benefits and cost-effectiveness
of statin therapy. A further strength of our analysis is the use
of synthesised randomised evidence for the effects of statin
therapy by age that allowed us to study the robustness of our
findings to somewhat smaller reductions in cardiovascular
risks in older people. Finally, the reported excesses in myop-
athy, rhabdomyolysis and incident diabetes with standard
and higher intensity statin therapy were integrated allowing
the net effects of treatment to be fully assessed.

The study has some limitations. First, the majority of our
data is among people aged 70 to early 80s. Our findings,
however, were very similar in participants 70-75 and =75

years old (results not shown), which suggest that they are
generalisable to much older people. Second, our model and
results are based on population cohorts, in which the healthy
volunteer effect may limit generalisability. To address this
limitation, the model used a broad range of socioeconomic,
lifestyle and clinical characteristics that allow generalisations
to populations with different distributions of these charac-
teristics. Moreover, statin therapy remained cost-effective
in scenario analyses with substantially higher risk of non-
vascular death and lower QoL. Third, a small excess in milder
muscle symptoms was recently reported with statin treat-
ment across randomised studies with excess confined to the
first year of treatment.”® The sensitivity analyses suggest that
this adverse effect is unlikely to materially alter statin’s cost-
effectiveness. Fourth, two ongoing large statin trials, sched-
uled to complete in 2026, will add valuable further data to
the direct evidence of effects of statin therapy in people aged
>75 years without atherosclerotic CVD.?” * Fifth, missing
baseline data were imputed using a single imputation. More-
over, while the model performance was good for most partic-
ipant categories, endpoints and across the two datasets,
there were some deviations. Therefore, it is possible that
the uncertainty may be larger than reported by the model.
However, the consistency of cost-effectiveness results across
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categories of participants and across a broad range of sensi-
tivity analyses for key parameters indicate that our general
findings are robust.

In conclusion, this study reports that statin therapy is highly
likely to be cost-effective in older people, although there was
greater uncertainty among older people without CVD in
scenario analysis with substantially smaller CVD risk reductions
with statin therapy. While further randomised evidence will be
helpful, the robustness of these findings indicates that older
people are likely to benefit cost-effectively from statin therapy
and should be considered for treatment.

Author affiliations

"Health Economics Research Centre, Nuffield Department of Population Health,
University of Oxford, Oxford, UK

“Health Economics and Policy Research Unit, Wolfson Institute of Population Health,
Queen Mary University of London, London, UK

3Clinical Trial Service Unit and Epidemiological Studies Unit, Nuffield Department of
Population Health, University of Oxford, Oxford, UK

*NHMRC Clinical Trials Centre, The University of Sydney, Sydney, New South Wales,
Australia

*Clinical Effectiveness Group, Wolfson Institute of Population Health, Queen Mary
University of London, London, UK

Spatient and Public Representative, Havant, UK

Acknowledgements This research has been conducted using data from
Cholesterol Treatment Trialists” Collaboration https://www.cttcollaboration.org/, UK
Biobank Resource under Application Number 56757 www.ukbiobank.ac.uk, and
Whitehall II study www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-
and-public-health/research/whitehall-ii. We thank all the participants, staff and other

contributors to these resources. Project Oversight Group: Colin Baigent, Alison Gater,
Borislava Mihaylova, Stephen Morris, Paul Roderick (Chair), Natalie Rowland, Peter
Sever, Liam Smeeth. We also thank further members of the public with whom we
discussed the project and emerging results.

Collaborators Cholesterol Treatment Trialists” Collaborators: CTT secretariat: J
Armitage, C Baigent, E Barnes, L Blackwell, R Collins, K Davies, J Emberson, J Fulcher,
H Halls, WG Herrington, L Holland, A Keech, A Kirby, B Mihaylova, R O’Connell, D
Preiss, C Reith, J Simes, K Wilson. CTT Collaborating trialists: A to Z trial (phase 2):
M Blazing, E Braunwald, J de Lemos, S Murphy; TR Pedersen, M Pfeffer, H White,

S Wiviott; AFCAPS/TEXCAPS (AirForce/Texas Coronary Atherosclerosis Prevention
Study) M Clearfield, JR Downs, A Gotto Jr, S Weis; ALERT (Assessment of Lescol in
Renal Transplantation) B Fellstrom, H Holdaas (deceased), A Jardine, TR Pedersen;
ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial) D Gordon, B Davis; C Furberg, R Grimm, S Pressel, JL Probstfield, M Rahman,

L Simpson; ALLIANCE (Aggressive Lipid-Lowering Initiation Abates New Cardiac
Events) M Koren; ASCOT (Anglo-Scandinavian Cardiac Outcomes Trial) B Dahlf, A
Gupta, N Poulter, P Sever, H Wedel; ASPEN (Atorvastatin Study for the Prevention of
Coronary Heart Disease Endpoints in Non-Insulin Dependent Diabetes Mellitus) RH
Knopp (deceased); AURORA (A study to evaluate the Use of Rosuvastatin in subjects
On Regular haemodialysis: an Assessment of survival and cardiovascular events)

S Cobbe, B Fellstrém, H Holdaas (deceased), A Jardine, R Schmieder, F Zannad;
CARDS (Collaborative Atorvastatin Diabetes Study) DJ Betteridge (deceased), HM
Colhoun, PN Durrington, J Fuller (deceased), GA Hitman, A Neil; CARE (Cholesterol
And Recurrent Events Study) E Braunwald, B Davis, CM Hawkins, L Moyé, M Pfeffer,
F Sacks; CORONA (Controlled Rosuvastatin Multinational Trial in Heart Failure)

J Kjekshus, H Wedel, ) Wikstrand; 4D (Die Deutsche Diabetes Dialyse Studie): C
Wanner, V Krane; GISSI (Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto
miocardico) Heart Failure and Prevention trials: MG Franzosi, R Latini, D Lucci, A
Maggioni;, R Marchioli, EB Nicolis, L Tavazzi, G Tognoni; HOPE-3: J Bosch, E Lonn,

8

Mihaylova B, et al. Heart 2024;0:1-10. doi:10.1136/heartjnl-2024-324052


https://www.cttcollaboration.org/
www.ukbiobank.ac.uk
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii

Healthcare delivery, economics and global health

S Yusuf; HPS (Heart Protection Study): J Armitage, L Bowman, R Collins, A Keech,

M Landray, S Parish, R Peto, P Sleight (deceased); IDEAL (Incremental Decrease in
Endpoints through Aggressive Lipid-lowering) JIP Kastelein, TR Pedersen; JUPITER
(Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin) R Glynn, A Gotto Jr, JJP Kastelein, W Koenig, J MacFadyen, PM Ridker;
LIPID (Long-term Intervention with Pravastatin in Ischaemic Disease) A Keech, S
MacMahon, | Marschner, A Tonkin, J Shaw (deceased), J Simes, H White; LIPS (Lescol
Intervention Prevention Study) PW Serruys; Post-CABG (Post-Coronary Artery Bypass
Graft Study) G Knatterud (deceased); PROSPER (Prospective Study of Pravastatin in
the Elderly at Risk) GJ Blauw, S Cobbe, | Ford, P Macfarlane, C Packard, N Sattar, J
Shepherd (deceased), S Trompet; PROVE-IT (Pravastatin or Atorvastatin Evaluation
and Infection Therapy) E Braunwald, CP Cannon, S Murphy; SEARCH (Study of
Effectiveness of Additional Reductions in Cholesterol and Homocysteine): R Collins,
J Armitage, L Bowman, R Bulbulia, R Haynes, S Parish, R Peto, P Sleight (deceased);
SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol Levels): P
Amarenco, KM Welch; (4S Scandinavian Simvastatin Survival Study) J Kjekshus,

TR Pedersen, L Wilhelmsen; TNT (Treating to New Targets) P Barter, A Gotto Jr, J
LaRosa, JJP Kastelein, J Shepherd (deceased); WOSCOPS (West of Scotland Coronary
Prevention Study) S Cobbe, | Ford, S Kean, P Macfarlane, C Packard, M Roberston,

N Sattar, J Shepherd (deceased), R Young, Other CTT Members: H Arashi, R Clarke,
M Flather, S Goto, U Goldbourt, J Hopewell, GK Hovingh, G Kitas, C Newman, MS
Sabatine, GG Schwartz, L Smeeth, J Tobert, J Varigos, J Yamamguchi.

Contributors BM and CB conceived the study. BM, IS, JE, CR, JR, AG, JA, CB
secured funding. All authors contributed to study design. BM, RW, JZ, CW, IS
performed the analyses. BM drafted the paper with support from RW. All authors
provided comments on the paper. BM acts as guarantor. The corresponding author
attests that all listed authors meet authorship criteria and that no others meeting the
criteria have been omitted.

Funding This study was funded by the UK NIHR Health Technology Assessment
(HTA) Programme (17/140/02). Further support from the British Heart Foundation
(PG/18/16/33570 and CH/1996001/9454), the UK Medical Research Council
(MC_UU_00017/4), the National Institute for Health Research Barts Biomedical
Research Centre (NIHR203330) and NHMRC, Australia is acknowledged. The study
was designed and analysed independently of all funders and the views expressed
are those of the authors and not necessarily those of the NIHR, the Department

of Health and Social Care or any other funder. For the purpose of Open Access,
the author has applied a CC BY public copyright licence to any Author Accepted
Manuscript version arising from this submission.

Competing interests AK reports research support from Abbott, Amgen, ASPEN,
Bayer, Mylan, Novartis, Sanofi, Viatris; speaker fees from Novartis; and is a Data
Safety Monitoring Board member for Kowa. JR reports funding from North East
London Integrated Care Service. JA reports receiving a grant to their research
institution from Novartis for the ORION 4 trial of inclisiran. JS reports receiving
grants for his institution from Amgen, Bayer, BMS, MSD, Pfizer and Roche; consulting
fees from FivepHusion, and is a chair (unpaid) of STAREE DSMB. CB reports research
grants from Boehringer Ingelheim and Health Data Research UK and is a chair
(unpaid) of a Data Safety Monitoring Board for Merck. All other authors declare no
competing interests.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This work used data of participants in research studies (UK
Biobank, Whitehall 1) who have consented to collection and use of their data for
research. Ethics committee approval was not required for this secondary research
study. Participants gave informed consent to participate in the study before taking
part.

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 datasets used in the current study may be obtained from
third parties (UK Biobank https://www.ukbiobank.ac.uk/; Whitehall Il study www.ucl.
ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/
whitehall-ii) and are not publicly available. Researchers can apply to use the UK
Biobank resource and Whitehall Il study data.

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 regulations, 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

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

REFERENCES

1 Baigent C, Blackwell L, Emberson J, et al. 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.

2 Armitage J, Baigent C, Barnes E, et al. 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.

3 National Institute for Health and Care Excellence. Cardiovascular disease: risk
assessment and reduction, including lipid modification [Clinical guideline]. 2023.
Available: https://www.nice.org.uk/guidance/ng238 [Accessed 16 Dec 2023].

4 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/apha/ASPC/NLA/PCNA guideline on the management of blood cholesterol:
a report of the American College of Cardiology/American Heart Association task force
on clinical practice guidelines. Circulation 2019;139:e1082-143.

5 Thalmann I, Preiss D, Schlackow |, et a/. Population-wide cohort study of statin use
for the secondary cardiovascular disease prevention in Scotland in 2009-2017. Heart
2023;109:388-95.

6 Panozzo CA, Curtis LH, Marshall J, et al. Incidence of statin use in older adults with
and without cardiovascular disease and diabetes mellitus, January 2008- March 2018.
PLoS ONE 2008;14:e0223515.

7 0dden MC, Pletcher MJ, Coxson PG, et al. Cost-effectiveness and population impact
of statins for primary prevention in adults aged 75 years or older in the United States.
Ann Intern Med 2015;162:533-41.

8 Tonkin AM, Eckermann S, White H, et al. Cost-effectiveness of cholesterol-lowering
therapy with pravastatin in patients with previous acute coronary syndromes aged 65
to 74 years compared with younger patients: results from the LIPID study. Am Heart J
2006;151:1305-12.

9 Heart Protection Study Collaborative. Lifetime cost effectiveness of simvastatin in
a range of risk groups and age groups derived from a randomised trial of 20536
people. BMJ 2006;333:1145.

10 Wu R, Williams C, Zhou J, et al. Long-term cardiovascular risks and the impact of
statin treatment on socioeconomic inequalities: a microsimulation model. Br J Gen
Pract 2024;74:189-98.

11 Zhou J, Wu R, Williams C, et al. Prediction models for individual-level healthcare
costs associated with cardiovascular events in the UK. Pharmacoeconomics
2023;41:547-59.

12 Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low density
lipoprotein cholesterol, ischaemic heart disease, and stroke: systematic review and
meta-analysis. BMJ 2003;326:1423.

13 Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident diabetes: a
collaborative meta-analysis of randomised statin trials. Lancet 2010;375:735-42.

14 Preiss D. Risk of incident diabetes with intensive-dose compared with moderate-dose
statin therapy. JAMA 2011;305:2556.

15 Law M, Rudnicka AR. Statin safety: a systematic review. Am J Cardiol
2006;97:52C-60C.

16 Lazar LD, Pletcher MJ, Coxson PG, et al. Cost-effectiveness of statin therapy for
primary prevention in a low-cost statin era. Circulation 2011;124:146-53.

17 NHS Prescription Services. Drug tariff december 2021. 2021. Available: https://www.
nhsbsa.nhs.uk/sites/default/files/2021-11/Drug%20Tariff%20December%202021.pdf
[Accessed 17 Mar 2022].

18 Curtis L, Burns A. Unit costs of health and social care 2020. 2020. Available: https:/
doi.org/10.22024/UniKent/01.02.84818 [Accessed 02 Sep 2022].

19 NHS England. National schedule of NHS costs 2019/20. 2021. Available: https://
www.england.nhs.uk/publication/2019-20-national-cost-collection-data-publication
[Accessed 02 Sep 2022].

20 Emberson JR, Kearney PM, Blackwell L, et al. Lack of effect of lowering LDL
cholesterol on cancer: meta-analysis of individual data from 175,000 people in 27
randomised trials of statin therapy. PLoS ONE 2012;7:29849.

21 Mihaylova B, Wu R, Zhou J, et al. Lifetime effects and cost-effectiveness of standard
and higher-intensity statin therapy across population categories in the UK: a
microsimulation modelling study. Lancet Reg Health Eur 2024;40:100887.

Mihaylova B, et al. Heart 2024;0:1-10. doi:10.1136/heartjnl-2024-324052


https://www.ukbiobank.ac.uk/
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0951-1304
http://orcid.org/0000-0002-4154-1431
http://orcid.org/0000-0003-0239-7278
http://dx.doi.org/10.1016/S0140-6736(10)61350-5
http://dx.doi.org/10.1016/S0140-6736(18)31942-1
https://www.nice.org.uk/guidance/ng238
http://dx.doi.org/10.1161/CIR.0000000000000625
http://dx.doi.org/10.1136/heartjnl-2022-321452
http://dx.doi.org/10.1371/journal.pone.0223515
http://dx.doi.org/10.7326/M14-1430
http://dx.doi.org/10.1016/j.ahj.2005.07.014
http://dx.doi.org/10.1136/bmj.38993.731725.BE
http://dx.doi.org/10.3399/BJGP.2023.0198
http://dx.doi.org/10.3399/BJGP.2023.0198
http://dx.doi.org/10.1007/s40273-022-01219-6
http://dx.doi.org/10.1136/bmj.326.7404.1423
http://dx.doi.org/10.1016/S0140-6736(09)61965-6
http://dx.doi.org/10.1001/jama.2011.860
http://dx.doi.org/10.1016/j.amjcard.2005.12.010
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.986349
https://www.nhsbsa.nhs.uk/sites/default/files/2021-11/Drug%20Tariff%20December%202021.pdf
https://www.nhsbsa.nhs.uk/sites/default/files/2021-11/Drug%20Tariff%20December%202021.pdf
https://doi.org/10.22024/UniKent/01.02.84818
https://doi.org/10.22024/UniKent/01.02.84818
https://www.england.nhs.uk/publication/2019-20-national-cost-collection-data-publication
https://www.england.nhs.uk/publication/2019-20-national-cost-collection-data-publication
http://dx.doi.org/10.1371/journal.pone.0029849
http://dx.doi.org/10.1016/j.lanepe.2024.100887

Healthcare delivery, economics and global health

22 National Institute for Health and Care Excellence. NICE health technology evaluations: 27 Office for National Statistics. Population estimates for the UK, England and Wales, Scotland
the manual (PMG36). 2022. Available: https://www.nice.org.uk/process/pmg36 and northem Ireland: mid 2020 [Statistical bulletin]. 2021. Available: https:/Avww.ons.gov.
[Accessed 19 Mar 2022]. uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/

23 PateA, Elliott RA, Gkountouras G, et al. The impact of statin discontinuation annualmidyearpopulationestimates/mid2020 [Accessed 26 Aug 2022].
and restarting rates on the optimal time to initiate statins and on the number of 28 Cholesterol Treatment Trialists" Collaboration. Effect of statin therapy on muscle
cardiovascular events prevented. Pharmacoepidemiol Drug Saf 2020;29:644-52. symptoms: an individual participant data meta-analysis of large-scale, randomised,

24 Wood FA, Howard JP, Finegold JA, et al. N-of-1 trial of a statin, placebo, or no double-blind trials. Lancet 2022;400:832—45.
treatment to assess side effects. N Engl J Med 2020;383:2182-4. 29 ClinicalTrials.gov. A clinical trial of statin therapy for reducing events in the elderly (STAREE).

25 Herrett E, Williamson E, Brack K, et a/. Statin treatment and muscle symptoms: series 2022 Available: https://clinicaltrials.gov/ct2/show/NCT02099123
of randomised, placebo controlled n-of-1 trials. BMJ 2021;372:n135. 30 ClinicalTrials.gov. Pragmatic evaluation of events and benefits of lipid-lowering

26 NHS Digital. Health survey for England 2017: cardiovascular diseases. Excel tables. in older adults (PREVENTABLE). 2022. Available: https://clinicaltrials.gov/show/
2019. Available: http://digital.nhs.uk/pubs/hse2017 [Accessed 05 Apr 2023]. NCT04262206

10 Mihaylova B, et al. Heart 2024;0:1-10. doi:10.1136/heartjnl-2024-324052


https://www.nice.org.uk/process/pmg36
http://dx.doi.org/10.1002/pds.5023
http://dx.doi.org/10.1056/NEJMc2031173
http://dx.doi.org/10.1136/bmj.n135
http://digital.nhs.uk/pubs/hse2017
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020
http://dx.doi.org/10.1016/S0140-6736(22)01545-8
https://clinicaltrials.gov/ct2/show/NCT02099123
https://clinicaltrials.gov/show/NCT04262206
https://clinicaltrials.gov/show/NCT04262206

	Lifetime effects and cost-­effectiveness of statin therapy for older people in the United Kingdom: a modelling study
	ABSTRACT
	Introduction﻿﻿
	Methods
	Study population
	CVD microsimulation model
	CVD microsimulation model validation in older people
	Effects and costs of statin therapy
	Cost-effectiveness of statin therapy
	Base-case analysis
	Assessment of uncertainty
	Sensitivity and scenario analyses

	Patient and public involvement

	Results
	Discussion
	References


