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Abstract

Assessing long-term effectiveness and cost-effectiveness of
statin therapy in the UK: a modelling study using individual
participant data sets
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Background: Cardiovascular disease has declined but remains a major disease burden across
developed countries.

Objective: To assess the effectiveness and cost-effectiveness of statin therapy across United Kingdom
population categories.

Design: The cardiovascular disease microsimulation model, developed using Cholesterol Treatment
Trialists’ Collaboration data and the United Kingdom Biobank cohort, projected cardiovascular events,
mortality, quality of life and healthcare costs using participant characteristics.

Setting: United Kingdom primary health care.

Participants: A total of 117,896 participants in 16 statin trials in the Cholesterol Treatment Trialists’
Collaboration; 501,854 United Kingdom Biobank participants by previous cardiovascular disease
status, sex, age (40-49, 50-59 and 60-70 years), 10-year cardiovascular disease risk [QRISK®3 (%): < 5,
5-10, 10-15, 15-20 and = 20] and low-density lipoprotein cholesterol level (< 3.4, 3.4-4.1 and = 4.1
mmol/l); 20,122 United Kingdom Biobank and Whitehall Il participants aged > 70 years by previous
cardiovascular disease status, sex and low-density lipoprotein cholesterol (< 3.4, 3.4-4.1 and > 4.1
mmol/I).

Interventions: Lifetime standard (35-45% low-density lipoprotein cholesterol reduction) or higher-
intensity (2 45% reduction) statin.

Main outcome measures: Quality-adjusted life-years and incremental cost per quality-adjusted life-year
gained from the United Kingdom healthcare perspective.
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ABSTRACT

Data sources: Cholesterol Treatment Trialists’ Collaboration and United Kingdom Biobank data informed
risk equations. United Kingdom primary and hospital care data informed healthcare costs (2020-1 Great
British pounds); £1.10 standard or £1.68 higher-intensity generic statin therapy per 28 tablets; and
Health Survey for England data informed health-related quality of life. Meta-analyses of trials and cohort
studies informed the effects of statin therapies on cardiovascular events, incident diabetes, myopathy
and rhabdomyolysis.

Results: Across categories of participants 40-70 years old, lifetime use of standard statin therapy
resulted in undiscounted 0.20-1.09 quality-adjusted life-years gained per person, and higher-intensity
statin therapy added a further 0.03-0.20 quality-adjusted life-years per person. Among participants
aged 2> 70 years, lifetime standard statin was estimated to increase quality-adjusted life-years by
0.24-0.70 and higher-intensity statin by a further 0.04-0.13 quality-adjusted life-years per person.
Benefits were larger among participants at higher cardiovascular disease risk or with higher low-density
lipoprotein cholesterol. Standard statin therapy was cost-effective across all categories of people
40-70 years old, with incremental costs per quality-adjusted life-year gained from £280 to £8530.
Higher-intensity statin therapy was cost-effective at higher cardiovascular disease risk or higher low-
density lipoprotein cholesterol. Both standard and higher-intensity statin therapies appeared to be
cost-effective for people aged = 70 years, with an incremental cost per quality-adjusted life-year gained
of under £3500 for standard and under £11,780 for higher-intensity statin. Standard or higher-intensity
statin therapy was certain to be cost effective in the base-case analysis at a threshold of £20,000 per
quality-adjusted life-year. Statins remained cost-effective in sensitivity analyses.

Limitations: The randomised evidence for effects of statin therapy is for about 5 years of treatment.
There is limited randomised evidence of the effects of statin therapy in older people without previous
cardiovascular disease.

Conclusions: Based on the current evidence of the effects of statin therapy and modelled contemporary
disease risks, low-cost statin therapy is cost-effective across all categories of men and women aged

> 40 years in the United Kingdom, with higher-intensity statin therapy cost-effective at higher
cardiovascular disease risk or higher low-density lipoprotein cholesterol.

Future work: Cholesterol Treatment Trialists’ Collaboration has ongoing studies of effects of statin
therapy using individual participant data from randomised statin trials. Ongoing large randomised
controlled trials are studying the effects of statin therapy in people = 70 years old. Future economic
analyses should integrate the emerging new evidence.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR)
Health Technology Assessment programme (NIHR award ref: 17/140/02) and is published in full in
Health Technology Assessment; Vol. 28, No. 79. See the NIHR Funding and Awards website for further
award information.
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Plain language summary

ardiovascular disease, such as heart attack or stroke, is a major cause of death and disability

worldwide. Statins, a medication that reduces the level of cholesterol, have been reliably shown
to reduce cardiovascular risk. They are available at low cost, are generally safe, and are widely
recommended for people with or at increased risk of cardiovascular disease. However, it is uncertain
whether the right people in the United Kingdom are recommended to receive this treatment and
whether there are further categories of people who can benefit.

We set out to assess the benefits and value for money of statins across people in the United Kingdom
depending on their sex, age, cholesterol level, whether they already had cardiovascular disease, and if
not, their estimated risk of developing it, to resolve remaining uncertainties. We used data from large
statin studies and large contemporary United Kingdom population studies to develop a model to predict
future cardiovascular disease, mortality, quality of life and healthcare costs for different people with and
without statin treatment.

We found that all people aged 40 years or older, whether men or women, younger or older, and
independent of their level of cholesterol or cardiovascular risk, are highly likely to benefit cost-effectively
from statin therapy to reduce their cardiovascular risk. We project that long-term statin treatment would
increase people’s length and quality of life, with people at higher cardiovascular risk or with higher levels
of cholesterol benefiting most. For most categories, more potent statin regimens that achieve larger
cholesterol reductions provide the best value, although standard statin regimens may be enough for
men and women at lower cardiovascular risk or with lower cholesterol levels.

This study suggests that statin treatment should be strengthened among people at higher cardiovascular
risk, and extending statin treatment to further categories of people aged 40 years or older should be
considered.
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Scientific summary

Background

Despite substantial declines in cardiovascular disease (CVD) morbidity and mortality across high-
income countries in recent decades, CVD remains a major disease burden. Across randomised trials,
statin therapy has been reliably shown to reduce rates of CVD irrespective of age, sex, CVD risk and
comorbidities, with more potent statin regimens achieving larger reductions in low-density lipoprotein
cholesterol (LDL-C), demonstrating larger CVD risk reductions. While generally safe, statin therapy has
been linked to small excesses in muscle events and incident diabetes.

Objectives

To develop a reliable evaluative framework, informed by large UK individual participant data (IPD), and
to assess the long-term net health effects and cost-effectiveness of statin therapy across a wide range
of UK population categories.

Methods

A CVD microsimulation policy model was developed using the Cholesterol Treatment Trialists’
Collaboration (CTTC) data and the UK Biobank (UKB) cohort data. CTTC IPD and UKB IPD informed
parametric proportional hazards risk equations for myocardial infarction (M), stroke, coronary
revascularisation, incident diabetes, incident cancer and vascular and nonvascular death using
participant characteristics. UKB and linked UK primary and hospital care data and NHS reference costs
informed healthcare costs related to participant characteristics and disease events (2020-1 Great
British pounds); £1.10 standard and £1.68 higher-intensity generic statin treatment per 28 tablets.
Health Survey for England data informed health-related quality of life (HRQoL) related to participant
characteristics and disease events. CTTC IPD meta-analyses and further meta-analyses of trials and
cohort studies informed the effects of statin therapies on cardiovascular events and the excess risks of
myopathy, rhabdomyolysis and incident diabetes with statin therapy.

The net health effects and cost-effectiveness of lifetime standard statin (35-45% LDL-C reduction)

and of higher-intensity (= 45% LDL-C reduction) statin therapy prescribed and monitored in the UK
primary healthcare service were assessed. We report the quality-adjusted life-years (QALYs) gained

and incremental cost per QALY gained with the two levels of intensity of statin regimens from the
perspective of UK healthcare services across UKB and Whitehall Il participants in categories by previous
CVD status, sex, age (40-49; 50-59; 60-70, > 70 years), 10-year CVD risk [QRISK®3 (%): < 5; 5-10,
10-15, 15-20, = 20] and/or LDL-C level (< 3.4, 3.4-4.1, = 4.1 mmol/l) at statin therapy initiation.

In the base-case analyses, the proportional effects of statin therapy on disease risks were assumed
constant across categories of individuals and over time. Key parameters were varied in sensitivity and
scenario analyses, including scenarios with hypothetical disutility of daily statin treatment, higher statin
cost, and more limited reductions in cardiovascular events with statin therapy.

Results

A total of 117,896 participants in 16 statin versus control trials in the CTTC, 501,854 UKB participants
and 6761 Whitehall Il participants informed the analyses. Age, sex, socioeconomic deprivation, smoking,
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SCIENTIFIC SUMMARY

hypertension, diabetes, Ml and stroke events were key determinants of CVD risk. Model-predicted
event rates corresponded well to observed rates across participant categories in UKB and Whitehall Il
studies. Modelled CVD and nonvascular disease events were associated with reductions in HRQoL and
increases in hospital admission and primary care costs.

Across categories of participants 40-70 years old, there were estimated gains in undiscounted QALYs
of 0.20-1.09 per person with lifetime use of standard statin therapy, and higher-intensity statin therapy
added a further 0.03-0.20 QALYs per person. Among participants aged > 70 years, lifetime use of
standard statin increased quality of life-adjusted life expectancy by 0.24-0.70 QALYs and higher-
intensity statin by further 0.04-0.13 QALYs per person. Health benefits with statin therapy were larger
among participants at higher CVD risk and with higher LDL-C levels.

Standard-intensity statin therapy was cost-effective across all population categories 40-70 years old
with an incremental cost per QALY gained ranging from £280 to £8530. Higher-intensity statin therapy
was cost-effective at higher CVD risk and higher LDL-C levels. Both standard and higher-intensity statin
therapies appeared to be cost-effective for people aged > 70 years with an incremental cost per QALY
gained below £3500 for standard statin versus no statin and below £11,780 for higher-intensity versus
standard statin.

Statin therapy, either standard or higher intensity, was found certain to be cost effective at a willingness-
to-pay threshold of £20,000 per QALY, with higher-intensity statin therapy preferred at higher CVD

risk or higher LDL-C level. The probability of statin therapy being cost-effective remained above 80%
across all participant categories at £10,000-per-QALY threshold, albeit with a shift towards a preference
for standard statin therapy across some categories of people. Statin therapy remained cost-effective in
sensitivity analyses.

Limitations

The randomised evidence for effects of statin therapy is for duration of statin treatment of about 5 years
in trials. There is only limited randomised evidence for effects of statin therapy in older people without
previous CVD. In the base-case analysis, it is assumed that statin therapy has a constant proportional
effect on CVD risks over lifetime and across different categories of patients.

Conclusions

Based on current evidence of effects of statin therapy and modelled analyses of contemporary disease
risks, low-cost statin therapy is likely to be highly cost-effective across categories of men and women
aged 2> 40 years in the UK, with higher-intensity regimens cost-effective at higher CVD risk or higher
LDL-C levels.

Future work

The CTTC has an ongoing programme of work conducting comprehensive analyses of the effects of
statin therapy, both adverse and beneficial, using IPD from randomised controlled trials. In addition,
ongoing randomised controlled trials are currently studying the effects of statin therapy in people
aged > 70 years. Future economic assessments should integrate this new evidence for effects of statin
therapy, both beneficial and adverse, in categories of individuals.
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Chapter 1 Introduction

Background and definition of the clinical problem

Statins are a class of lipid-lowering medications that have been reliably shown in large randomised
controlled trials to reduce the risk of heart attacks, strokes and vascular mortality in different categories
of patients. Since the 1990s, the Cholesterol Treatment Trialists’ Collaboration (CTTC) has co-ordinated
a prospective meta-analysis of all large statin trials.! This work has demonstrated that statins produce
similar proportional reductions of about one-quarter in cardiovascular disease (CVD) risk per 1-mmol/I
reduction in low-density lipoprotein cholesterol (LDL-C) in a wide range of people [e.g. men and women;
older and younger people; people with and without previous CVD; people with high and low CVD

risk; people with diabetes or non-dialysis-dependent chronic kidney disease (CKD)], and that further
reductions in LDL-C with more intensive statin therapy produce further reductions in CVD risk.?-8

There is some controversy, however, over the size of statin therapy’s net benefits for people at low
CVD risk, and for elderly people, and there are concerns about the safety of statins. Many of the

safety concerns originate from non-randomised studies®'° and may be unreliable.!* Nevertheless, in
randomised trials, standard statin dose regimens have been associated with a proportional increase of
about 10% in incident diabetes,'? and more intensive statin regimens with about twice this risk.'® Such
adverse effects should be considered in evaluating the net effects of statins particularly in people at low
CVD risk.

Cost-effectiveness analyses help decision-makers obtain better value for money by targeting healthcare
resources at interventions and population groups where the net health gain is greatest in relation to
the net cost. However, questions remain as to how such analyses should be performed, which leads
decision-makers to question their reliability. Decision-analytic models, typically developed using
summary data from multiple sources, and (summary) treatment effects from randomised clinical trials,
are commonly used but are likely to be of limited reliability in particular categories of people defined by
multiple characteristics (e.g. by disease risk, age, sex, comorbidities).

Rationale for the study

Statins are now cheap* and the direct costs to the NHS are less of a concern, but the efforts required
to initiate and support people on treatment should not be understated. In England and Wales, the
National Institute for Health and Care Excellence (NICE) recommends treatment with high-intensity
statin therapy for all individuals with a history of previous CVD or diabetes and, since 2014, treatment
with medium-intensity statins for those without such a history who have a 10-year CVD risk > 10%.%>1¢
Furthermore, this guidance also states that statin treatment should not be ruled out if the estimated
10-year CVD risk was < 10% if the patient had an informed preference for taking statin or their risk
might be underestimated, opening the possibility for wider statin use but stopping short of concrete
guidance. The economic evaluations of statin therapy for CVD prevention in these guidelines followed
the conventional approach of decision- analytic modelling using published summary data. An evaluative
cost-effectiveness framework based on summary data, however, does not allow for reliable assessment
of disease risks and treatment effects over time or in categories of patients. Furthermore, in the absence
of an assessment of model validity, the reliability of the results is unclear.

The NICE guidance affects a large section of the population (about 37% of 30- to 84-year-olds"’).
Unreliable cost-effectiveness results could lead to the consequence that people who do not derive
worthwhile health benefit from the statin treatment are recommended for the treatment, while people
who could derive worthwhile benefit from the statin treatment are not recommended for the treatment
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or are recommended for a suboptimal intensity of statin treatment. The uncertainty in evidence can
also affect the level of implementation of guideline recommendations with ample evidence indicating
suboptimal statin use among people recommended for treatment®-2° with both individual patient and
prescriber factors likely contributing.

Consequently, in 2014 a research recommendation was made in NICE CG181 for the development of
a cost-effectiveness analysis of statins informed by the individual participant data (IPD) of randomised
clinical trials.'® This recommendation was taken forward in this project. The following priority research
areas were identified: (1) use of IPD from randomised clinical trials of statins to develop more detailed
and reliable (e.g. based on time-to-event analysis) cost-effectiveness analyses and (2) use of such
analyses to produce detailed results for the effectiveness and cost-effectiveness of statin therapies in
categories of patients by CVD risk and other patient characteristics (e.g. age, sex, comorbidities). These
analyses are timely in view of the increasing availability of statins (i.e. all widely used statins are now
available generically in the UK); the growing evidence for the effectiveness of new treatments [e.g.
ezetimibe, PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitors]; and the developments in
UK CVD risk scoring (e.g. QRISK®3 10-year CVD risk score?!).

Cost-effectiveness studies embedded within individual statin trials have demonstrated an ability

to evaluate the cost-effectiveness of statin regimens in categories of patients.?2-2¢ By combining
IPD-based multivariable time-to-event disease risk equations with estimates of the relative effects

of statins on disease risks into interlinked disease models, such frameworks have evaluated statins’
cost-effectiveness reliably in particular categories of participants in the trials (e.g. by CVD risk, age and
gender).232?°> The CTTC database is a unique resource for the development of further, more detailed
analyses to guide statin recommendations for individual patients. It includes IPD from large statin trials
among nearly 180,000 participants with well-documented baseline characteristics and first occurrence
of major vascular, cancer and mortality events during the studies’ follow-up periods. However, trials

in the database recruited their participants from different countries during the period 1980s to 2010
and, therefore, participants’ disease risks may potentially not generalise well to the contemporary

UK population.

In this project we aimed to strengthen the evidence about the cost-effectiveness of statins using the
CTTC IPD together with large contemporary UK population cohorts. The cost-effectiveness analysis

of statin regimens developed using these data would account for the timing of disease events and the
beneficial and adverse effects of statin therapies and allow for more reliable estimates of the net effects
of statin therapies of different intensity on quality-adjusted life expectancy and healthcare costs in
categories of patients.

The research question addressed in this project was ‘What is the cost-effectiveness of different statin
therapies in different categories of people?. We assessed the effects of standard statin therapy, defined
as a therapy that achieves about 35-45% LDL-C reduction (e.g. atorvastatin 20 mg/day, rosuvastatin
5-10 mg/day or simvastatin 40-80 mg/day), and of higher-intensity statin therapy achieving > 45%
reduction (e.g. atorvastatin 40-80 mg/day, rosuvastatin 20-40 mg/day) (Table 1).

Changes to methods

The project was developed following a prospectively developed study protocol. Protocol

versions 1 (April 2019) and 2 (November 2022) are available at https:/fundingawards.nihr.ac.uk/
award/17/140/02.28 Three changes were made from version 1 to version 2 of the study protocol. First,
the decision not to model recurrent CVD events of the same type was taken because such events
were not available in the CTTC database?® at the onset of the project and the subsequently developed
microsimulation model was judged to be of sufficient depth and to have an excellent performance in
key participant categories. Second, we did not use the Heart Protection Study long-term follow-up
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TABLE 1 Proportional reductions in LDL-C with statin regimens

% reduction in LDL-C*

Dose (mg/day) 5mg, % 10 mg, % 40 mg, % 80 mg, %

Fluvastatin 10 15 21 27 33
Pravastatin 15 20 24 29 33
Simvastatin 23 27 32 37 42
Atorvastatin 31 37 43 49 55
Rosuvastatin 38 43 48 53 58

a Meta-analysis of randomised controlled trials.?”

data® in the microsimulation model validation as the model validation in the UK Biobank (UKB) cohort3!
indicated a need to calibrate the model in a contemporary population cohort such as UKB. Third, the
decision was taken to use the UKB resurvey data to derive a cohort of people aged > 70 years to guide
the development of the assessment of value of statin therapy in older people.

Subsequent to protocol version 2, there have been only limited changes. First, the Whitehall Il study
data contributed more substantively to the development of the statin cost-effectiveness study in older
people. In particular, we used the Whitehall Il study3? data from Phase 9 onwards (2007-9 survey with
10-12 years’ follow-up thereafter) to validate the performance of the microsimulation model both

in people 40-70 years and in people > 70 years old. Second, to increase the size of the older people
cohort, we used the UKB and Whitehall Il studies’ data for participants = 70 years old together, instead
of UKB data alone, to project and present results for cost-effectiveness of statin therapy in older people.
Finally, we decided against reporting results for cost-effectiveness of statin therapy by lifetime CVD risk
(QRISKIifetime®), as statin therapy was already shown to be highly effective and cost-effective across all
categories of people aged > 40 years.

Organisation of the report
This report is compiled using a number of chapters presenting different components of the project.

Chapter 2 outlines the initial model development using the IPD of large statin trials in the CTTC database
to estimate key CVD and nonvascular disease risk equations.

Chapter 3 describes the CVD microsimulation policy model calibration, further development, and
validation in the UKB database and in the Whitehall 1l study.

Chapter 4 presents the hospital and primary care cost regression models, estimated using the UKB
cohort and linked hospital admissions and primary care data, allowing an assessment of the healthcare
costs associated with individual patient characteristics and history of vascular and nonvascular
disease events.

Chapter 5 reports the quality-of-life (QoL) regression model, developed using IPD from the Health
Survey for England (HSE) in 2006, 2011 and 2017, allowing an assessment of health-related quality of
life (HRQolL) associated with individual patient characteristics and history of vascular and nonvascular
disease events.

Chapter 6 reports our findings for the cost-effectiveness of statin therapy in categories of people
40-70 years old using the CVD microsimulation policy model.
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Chapter 7 reports further validation of the CVD policy model among people aged > 70 years in the UKB
and Whitehall Il cohorts and our findings for the cost-effectiveness of statin therapy among people aged
> 70 years in the UK.

Chapter 8 describes the web-based interface to the CVD microsimulation policy model to facilitate
external use of the model.

Chapter 9 presents a general discussion and Chapter 10 summarises the key findings of this project.
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Chapter 2 Development and internal validation
of a cardiovascular disease microsimulation
model using individual participant data from
large randomised controlled trials of statin
therapy

Aims and objectives

This chapter describes the development and internal validation of a model framework that predicts key
CVD and nonvascular events among individuals without and with previous CVD using the IPD from 16
randomised statin versus control trials in the CTTC database.

Risk equations were developed for four vascular events, myocardial infarction (M), stroke, coronary
revascularisation (CRV) and vascular death (VD), and two nonvascular events, incident cancer and
nonvascular death (NVD). These equations were developed separately for participants with and
participants without previous CVD.

The risk equations formed the basis of a CVD microsimulation model to predict the risk of each of
these events for each individual over time. Calibration plots were used to assess model performance in
categories of individuals.

Methods

Data

There were 22 statin versus control trials in the CTTC that recruited over the years 1988-2000, with

a median follow-up of 4.8 years.® Trials that recruited exclusively patients with CKD or chronic heart
failure (4D, AURORA, CORONA and GISSI-HF) were excluded from the analysis.®?° Furthermore, two
further trials, LIPS and PostCABG, were excluded because they did not record non-fatal stroke events.
Following these exclusions, 68,018 participants without previous CVD at entry from 11 trials and
49,878 participants with previous CVD at entry from 16 trials contributed to the estimation of the
risks of first post-randomisation occurrences of the aforementioned six disease events. Ten of the trials
included both participants with and participants without previous CVD. Collectively, the trials recruited
across Europe, North and South America, Australia, Israel, New Zealand and South Africa. Further details
of the individual trials can be found elsewhere.?

Handling of missing data

No ethnicity data were available for participants in the LIPID trial, and all 9014 participants were
classified as ethnicity ‘not recorded’ and included in an ‘other’ category in analysis. Missing data for
disease history at baseline, including treated hypertension, were assumed to indicate no such history.
For 292 of participants with missing LDL-C levels, total cholesterol, high-density lipoprotein cholesterol
(HDL-C) and triglycerides were available and used to estimate their LDL-C level using the Friedewald
formula.?* The extent of further missing data was as follows: age (49 participants), smoking status

(101 participants), body mass index (BMI) (530 participants), LDL-C (1551 participants), HDL-C (394
participants), creatinine (1331 participants), systolic blood pressure (BP) (364 participants) and diastolic
BP (373 participants). All missing values for BMI were replaced with mean BMI values in categories by
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study, sex, age group and prior diabetes. All other missing values were replaced by respective mean
values in categories by study, treatment allocation, sex, age group and treated hypertension.

Risk equations

Cox proportional hazard (PH) regression models were used to fit the hazard equations for each event. Trials
were assumed to each have their own hazard but with the assumption of proportionality between trials
over time, and trial indicators were included as binary covariates in the models to account for differences

in hazards between trials. Time was measured in years from randomisation into the trial. Allocation to
treatment was also included in risk equations (except the incident cancer and NVD equations) to account
for effect of study treatments. Participants’ age and sex were retained in all risk equations.

Participant characteristics and interactions indicated in previous studies to be associated with disease
risks of interest were considered in developing the modelling. The following baseline covariates were
considered for inclusion in all risk equations: ethnicity, smoking status, BMI, LDL-C, HDL-C, creatinine,
systolic BP, diastolic BP, treated hypertension and history of diabetes, cancer and CVD. Participant age
was fitted as a time-varying covariate. Histories of previous non-fatal events during study follow-up
(other than the event subject to modelling) were included as time-varying covariates when modelling
each event of interest. In view of the large data set and to ensure robust risk models, variables were
selected for inclusion at the 1% significance level using backward variable selection and checked for
stability using forward selection with backward steps.®> Forward variable selection with backward steps
at the 1% significance level was then used to select the following six interactions for inclusion: sex
and diabetes, age and LDL-C, age and BP, age and smoker, age and diabetes, and age and sex. These
interactions were considered for inclusion in all models except those for CRV.

The PH assumption was checked prior to modelling using log-log plots and cumulative hazard plots and
post modelling using PH assumption tests and plots of the scaled Schoenfeld residuals.

Microsimulation model

The risk equations were then used in a microsimulation model to predict the annual incidence (risk) of
each event for each participant. The model was run 300 times for each participant over 5 years. For each
participant, for each year in the model, the point estimate of the annual incidence of each event was the
average number of occurrences across the 300 simulations. The cumulative sum of these incidences was
then calculated to obtain the predicted cumulative incidence over time.

Internal model validation
The performance of the predictions from the microsimulation model was checked using calibration plots
of observed versus predicted cumulative incidence for each event.

Results

At baseline, participants without and participants with previous CVD contributing to the risk models’
estimation had a mean age of 62 and 63 years, respectively. Most of them were male (65% and 78%), of
white ethnicity (72% and 78%) and non-smokers (80% and 81%), and nearly half of them (42% and 48%)
were overweight (BMI of 25-30kg/m?). Among participants with previous CVD at baseline, 83% had

a history of only MI (50%), other coronary heart disease (CHD) (19%), peripheral arterial disease (PAD)
(6.4%) or stroke (7.8%), and 17% had a history of two or more of these conditions (Table 2).

The number of participants experiencing disease end points during follow-up are reported in Table 3.
Log-log plots and cumulative hazard plots created prior to the Cox hazard regression modelling of

events did not show any major violations of the PH assumption (not shown). Figure 1a-f shows the Cox
hazard risk equations for each of the events in turn. With the exception of incident cancer, separate
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TABLE 2 Baseline characteristics of CTTC participants, by previous CVD at entry

Characteristic Without previous CVD history>" With previous CVD>*
Number of participants 68,018 49,878
Age, years 62.3(9.2) 62.7 (9.1)
Sex, male (%) 43,972 (65%) 39,085 (78%)
Ethnicity
Whiteb 49,170 (72%) 38,901 (78%)
Black 6110 (9.0%) 1226 (2.5%)
Othere 12,738 (19%) 9751 (20%)
Current smoker 13,873 (20%) 9554 (19%)
BMI (kg/m?)
<185 670 (0.99%) 251 (0.50%)
18.5-25 19,963 (29%) 15,023 (30%)
25-30 28,598 (42%) 23,711 (48%)
30-35 13,532 (20%) 8487 (17%)
35-40 3708 (5.5%) 1806 (3.6%)
240 1547 (2.3%) 600 (1.2%)
LDL-C (mmol/I) 3.5(0.89) 3.8(0.85)
HDL-C (mmol/I) 1.3(0.38) 1.1(0.31)
Creatinine (umol/I) 91 (24) 98 (23)
Systolic BP (mmHg) 142 (20) 139 (22)
Diastolic BP (mmHg) 83(11) 81(11)
On hypertension 35,478 (52%) 25,472 (51%)
treatment
Prior diabetes 15,131 (22%) 7949 (16%)
Prior cancer 32 (0.05%) 25 (0.05%)
Previous CVD
Ml only 24,866 (50%)
PAD only 3186 (6.4%)
Stroke only 3875 (7.8%)
Other CHD only¢ 9631 (19%)
Two or more of the above 8320 (17%)

a Mean (standard deviation) or n (%).

b The WOSCOPS and PROSPER trials did not record ethnicity. All participants in those studies were assumed to be white.
¢ Other ethnicity comprises Indian, Pakistani or Bangladeshi, Asian and other and not recorded.

d CHD other than MI.

risk equations were fitted for participants without and participants with previous CVD. Contributions

of risk factors to the hazard of incident cancer were similar in participants without and participants with
previous CVD, and hence a single risk equation was fitted for all participants regardless of CVD history
at baseline (see Figure 1f). The tests and plots of Schoenfeld residuals after fitting each of the Cox hazard
regressions did not show any major violations of the PH assumption (not shown).
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TABLE 3 Number of CTTC participants with events during follow-up

Without previous CVD With previous CVD
Number of participants 68,018 49,878
Ml 1758 4134
Stroke 1133 2160
CRV 1424 4958
Incident cancer 3085 3450
VD 1118 3751
NVD 1767 2242

Figure 2 shows a schematic of the microsimulation model used to predict the annual incidence (risk) of
each event for each participant. The model performed well in internal validation (Figure 3).

Summary

This chapter presented the development and internal validation of a model framework that predicts
risks of key vascular and nonvascular events using the IPD from 16 randomised statin versus control
trials in the CTTC. This initial model is further developed in a large contemporary UK cohort, the UKB, in
Chapter 3.
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(a)
Without previous CVD
HR for MI (95% Cl)

With previous CVD
HR for MI (95% CI)

Baseline characteristics
Male sex —— 1.69(1.50to0 1.91) - 1.22(1.11t0 1.33)
Smoker —— 1.27(1.13t0 1.43) - 1.31(1.21t0 1.41)
LDL-C centred at 3.6 (per 1 mmol/I) . 1.34(1.24t0 1.46) - 1.14(1.10to 1.20)
Natural logarithm of HDL (Inmmol/I) — 0.50(0.41t00.61) —— 0.65(0.57t00.74)
On treatment for hypertension —— 1.29(1.15t0 1.46) - 1.23(1.14t0 1.32)
Systolic BP (centred at - 1.15(1.09t0 1.22) o 1.05(1.02t0 1.08)
140 mmHg per 20 mmHg)
Natural logarithm of creatinine (Inumol/l) — 1.82(1.55t02.15)
History of diabetes mellitus — 1.90(1.61t0 2.24) —- 1.63(1.50t0 1.77)
CVD history at baseline (ref: previous
other CHD only)
Previous Ml only - 1.38(1.26to 1.51)
Previous stroke only ——r 0.88 (0.74 to 1.05)
Previous peripheral artery disease only — 0.92(0.77 to 1.10)
Two or more types of CVD previously —— 1.57(1.41to0 1.75)
Time-updated covariates
Current age centred at 60 years (per 10 years) .- 1.65(1.52t0 1.79) - 1.16 (1.10to0 1.21)
Within-trial stroke in same year vs. none —_— 0.76 (0.51to 1.11)
Within-trial stroke in a previous year vs. none —— 1.46(1.17 to 1.81)
Within-trial CRV vs. none —e— 1.73(1.28t02.35)
Within-trial CRV in same year vs. none o 1.05(0.84t0 1.32)
Within-trial CRV in a previous year vs. none — 0.58 (0.47t00.71)
Within-trial cancer in same year vs. none —_— 0.58 (0.41t00.83)
Within-trial cancer in a previous cycle vs. none —f— 1.10(0.88to 1.37)
Interactions
Age and history of diabetes —— 0.81(0.72t00.91)
Age and LDL-C - 0.90(0.85t0 0.96)
Age and smoker . . . - . 0.90(0.83t00.97)
0.5 1 2 0.5 1 2
HR for MI (95% Cl) HR for M1 (95% Cl)

Further adjusted for trial and allocation to statin (per 1-mmol/I reduction in LDL-C in respective trial) (results omitted).

(b)
Without previous CVD With previous CVD
HR for stroke (95% Cl) HR for stroke (95% Cl)

Baseline characteristics
Male sex T 1.09 (0.94 to 1.26) -1~ 1.01(0.90t0 1.12)
Smoker - 1.64(1.42t0 1.89) - 1.38(1.24t0 1.53)
Natural logarithm of HDL (Inmmol/I) — 0.71(0.56 t0 0.90)
On treatment for hypertension —— 1.39(1.20to0 1.61)
Systolic BP (centred at - 1.31(1.21t0 1.43) - 1.20(1.16 to 1.25)

140 mmHg per 20 mmHg)
Natural logarithm of creatinine (Inumol/1) — 1.67 (1.25t0 2.22) — 1.53(1.24 to 1.90)
History of diabetes mellitus —— 1.83(1.57t02.13) - 1.81(1.63to0 2.00)
African Caribbean/American vs. white — 1.50(1.22to 1.84)
Other/ethnicity not recorded vs. white —— 1.11(0.81to0 1.52)
Underweight vs. healthy BMI ——— 2.06(1.32t03.22)
Overweight vs. healthy BMI —o— 0.87(0.75t0 1.01)
Obese | vs. healthy BMI —— 0.76 (0.63t00.91)
Obese Il vs. healthy BMI — 0.83(0.62t0 1.10)
Obese Il vs. healthy BMI —_— 0.72(0.46to0 1.13)
CVD history at baseline (ref: previous
other CHD only)

Previous Ml only - 1.04(0.90t0 1.19)

Previous stroke only —e— 204(1.70t02.43)

Previous peripheral artery disease only — 1.33(1.10t0 1.62)

Two or more types of CVD previously —— 1.73(1.51t0 1.99)
Time-updated covariates
Current age centred at 60 years (per 10 years) - 1.92(1.76 t0 2.10) - 1.60(1.51t0 1.71)
Within-trial Ml vs. none — 1.77 (1.30 to 2.40) —— 1.51(1.27t0 1.79)
Within-trial CRV vs. none —_— 1.78 (1.26 to 2.50)
Interactions
Age and systolic BP - 0.89(0.84t00.95)

1 1 1 1
0.5 1 2 0.5 1 2

HR for stroke (95% Cl)

HR for stroke (95% Cl)

Further adjusted for trial and allocation to statin (per 1-mmol/I reduction in LDL-C in respective trial) (results omitted).

FIGURE 1 Cox hazard equations estimated using IPD from large randomised controlled trials. (a) Ml; (b) stroke; (c) CRV;
(d) VD; (e) NVD; and (f) incident cancer. Participants with a history of cancer at baseline were excluded. Cl. confidence

interval; HR, hazard ratio.
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(c)

Without previous CVD With previous CVD
HR for CRV (95% Cl) HR for CRV (95% CI)
Baseline characteristics
Male sex - 1.70(1.48 to 1.95) . 1.44(1.32t0 1.57)
LDL-C centred at 3.6 (per 1 mmol/l) ° 1.34(1.23t0 1.47) o 1.12(1.08t0 1.17)
Natural logarithm of HDL (Inmmol/I) - 0.38(0.30t00.47) - 0.59(0.52t00.66)
On treatment for hypertension - 1.38(1.21t0 1.57) ° 1.39(1.30to 1.49)
Diastolic BP (centred at L 0.93(0.91t0 0.96)
80 mmHg per 10 mmHg)

History of diabetes mellitus - 1.60(1.39to 1.84) ° 1.24(1.14to 1.34)
African Caribbean/American vs. white - 0.50(0.41t00.62)
Other/ethnicity not recorded vs. white - 0.78 (0.61to 1.01)
Underweight vs. healthy BMI ——1 0.57 (0.30to 1.10)
Overweight vs. healthy BMI 3 1.06 (0.99to 1.14)
Obese | vs. healthy BMI 1.01(0.93to0 1.11)
Obese Il vs. healthy BMI - 0.96(0.82t0 1.12)
Obese Il vs. healthy BMI —— 0.66 (0.49 t0 0.90)
CVD history at baseline (ref: previous
other CHD onl

B e My . 0.84(0.7800.91)

Previous stroke only —— 0.36(0.29t0 0.45)

Previous peripheral artery disease only —~ 0.33(0.26t00.42)

Two or more types of CVD previously o 0.88(0.79t00.97)
Time-updated covariates
Current age centred at 60 years (per 10 years) 1.12(1.04 to 1.20) o 0.86(0.83t00.89)
Within-trial Ml in same year vs. none + 85.0(75.1t096.2) —o— 0.31(0.18t0 0.54)
Within-trial Ml in previous year vs. none —- 19.1(14.4t025.2) —o 0.79 (0.60to 1.03)
Within-trial Ml at least 2 years ago vs. none —— 6.36(4.36 t0 9.27) © 13.3(12.3t0 14.5)
Within-trial stroke in same year vs. none - 7.55(6.60t08.65)
Within-trial stroke in a previous year vs. none .- 2.80(2.34to0 3.36)
Within-trial cancer in same year vs. none —— 0.36(0.23t00.56)
Within-trial cancer in a previous year vs. none -1 0.86(0.68 to 1.09)

051 2 5 10204080 05 1 2 5 10

HR for CRV (95% Cl)

HR for CRV (95% Cl)

Further adjusted for trial and allocation to statin (per 1-mmol/l reduction in LDL-C in respective trial) (results omitted).

(d)

Baseline characteristics
Male sex
Smoker
CVD history at baseline (ref: previous
other CHD only)
Previous Ml only
Previous stroke only
Previous peripheral artery disease only
Two or more types of CVD previously
Underweight vs. healthy BMI
Overweight vs. healthy BMI
Obese | vs. healthy BMI
Obese Il vs. healthy BMI
Obese lll vs. healthy BMI
LDL-C centred at 3.6 (per 1 mmol/l)
Natural logarithm of HDL (Inmmol/1)
On treatment for hypertension
Diastolic BP (centred at
80 mmHg per 10 mmHg)
Natural logarithm of creatinine (Inumol/I)
History of diabetes mellitus
Time-updated covariates
Current age centred at 60 years (per 10 years)
Within-trial Ml in same year vs. none
Within-trial Ml in previous year vs. none
Within-trial Ml at least 2 years ago vs. none
Within-trial stroke in same year vs. none
Within-trial stroke in a previous year vs. none
Within-trial stroke in previous year vs. none
Within-trial stroke at least 2 years ago vs. none
Within-trial CRV vs. none
Within-trial CRV in same year vs. none
Within-trial CRV in a previous year vs. none
Within-trial cancer vs. none
Interactions
Age and history of diabetes
Age and LDL-C

—_——

Without previous CVD
HR for VD (95% Cl)

- 1.17(1.07 t0 1.28)
- 1.26 (1.09 to 1.46)

1.

1.

(1.67 to 1.96)
(25.9t035.2)
(4.03t08.26)
(1.25t03.11)
(16.6t023.3)
(3.26t05.76)

0.42(0.30t0 0.60)
0.89(0.59t0 1.35)
1.73(1.32t0 2.27)

—_—t

05 1 2 5

10 20
HR for VD (95% Cl)

-

o+1' +++++ ¢y

With previous CVD
HR for VD (95% Cl)

L d

05 1

2

1.25(1.14to0 1.38)
1.18(1.09 to 1.28)

g\ e
0000000000000
NG ORORNERONRR PR

BN NWhApRR BN ORORPROOORRPEREREE
G NOUROROAROOGN

o+
(oo}

Von ol ORNRPRODORARON

0.83(0.75t00.92)
0.92(0.87 t0 0.96)

5 10 20
HR for VD (95% Cl)

Further adjusted for trial and allocation to statin (per 1-mmol/I reduction in LDL-C in respective trial) (results omitted).

FIGURE 1 Continued
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(e)
Without previous CVD With previous CVD
HR for NVD (95% Cl) HR for NVD (95% Cl)

Baseline characteristics
Male sex - 1.49 (1.24 to 1.80) + 1.01(0.90to 1.13)
Smoker - 1.55(1.39t0 1.73) - 1.29(1.16 to 1.43)
LDL-C centred at 3.6 (per 1 mmol/l) o| 0.87(0.81t00.94)
Natural logarithm of creatinine (Inumol/1) - 1.80(1.45t02.23)
History of diabetes mellitus - 1.55(1.29to 1.86) - 1.28(1.14to 1.43)
African Caribbean/American vs. white - 1.77 (1.52 to 2.06)
Other/ethnicity not recorded vs. white . 1.73(1.39t0 2.14)
Underweight vs. healthy BMI —— 2.32(1.72t03.12) —— 2.67(1.91t03.73)
Overweight vs. healthy BMI B 0.87(0.77 t0 0.97) o 0.87(0.79t0 0.96)
Obese | vs. healthy BMI - 0.72(0.62t00.84) - 0.84(0.74t0 0.96)
Obese Il vs. healthy BMI —o 0.79 (0.62 to 1.00) - 0.94 (0.74 to 1.20)
Obese Il vs. healthy BMI —— 0.94(0.69to 1.27) + - 1.31(0.90to0 1.92)
CVD history at baseline (ref: previous
other CHD only)

Previous Ml only le- 1.13(0.99t0 1.29)

Previous stroke only - 1.51(1.26t0 1.82)

Previous peripheral artery disease only - 1.54(1.29to0 1.84)

Two or more types of CVD previously - 1.37(1.19t0 1.57)
Time-updated covariates
Current age centred at 60 years (per 10 years) - 1.94(1.75to0 2.15) ° 1.52(1.42t0 1.63)
Within-trial Ml vs. none - 1.58(1.34to 1.86)
Within-trial stroke vs. none —— 2.10(1.62t02.73) - 1.91(1.61t0 2.26)
Within-trial CRV in same year vs. none — 0.47 (0.30t0 0.75)
Within-trial CRV in a previous year vs. none - 0.98 (0.81to 1.20)
Within-trial cancer in same year vs. none -+ 59.6(53.3t066.6) ®61.7(55.8t068.2)
Within-trial cancer in previous year vs. none -+ 46.1(40.1t053.1) 46.0(40.6t052.1)
Within-trial cancer 2 years ago vs. none - 25.0(20.0t0 31.2) 25.5(21.3t0 30.6)
Within-trial cancer at least 3 years ago vs. none —— 14.5(10.9t0 19.5) 11.9(9.39to 15.0)
Interactions
Male sex and history of diabetes - 0.66(0.52t00.82)
Male sex and age - 0.86(0.76 t0 0.96)

051 2 5 10 3060 051 2 510 3060
HR for NVD (95% ClI) HR (95% Cl)

Further adjusted for trial (results omitted).

(f)
With and without previous CVD
HR for cancer (95% Cl)

Baseline characteristics
Male sex - 1.22(1.11t0 1.33)
Smoker - 1.18 (1.09to 1.27)
Natural logarithm of HDL (Inmmol/I) —e—| 0.88(0.79t00.97)
African Caribbean/American vs. white -+ 0.99(0.88to0 1.11)
Other/ethnicity not recorded vs. white — 0.62(0.52t00.74)
CVD history at baseline (ref: none)

Previous Ml only —a— 0.97(0.87 to 1.08)

Previous stroke only — 0.97(0.85t0 1.11)

Previous peripheral artery disease only —e— 1.44(1.26t0 1.65)

Previous other CHD only —— 1.00(0.90t0 1.12)

Two or more types of CVD previously —— 1.17 (1.06 to 1.31)
Time-updated covariates
Current age centred at 60 years (per 10 years) - 1.41(1.32to 1.50)
Within-trial Ml in same year vs. none — 0.51(0.36t00.72)
Within-trial Ml in a previous year vs. none —1 0.90(0.75t0 1.08)
Within-trial CRV in same year vs. none — 0.57(0.42t00.78)
Within-trial CRV in previous year vs. none J 0.95(0.81to0 1.11)
Interactions
Age and smoker - 1.14 (1.06 to 1.23)
Male sex and age . 1.36 (1.27 to 1.46)

1 1 J
0.5 10 1520
HR for cancer (95% Cl)

Further adjusted for trial (results omitted). Participants with a history of cancer at baseline were excluded.

FIGURE 1 Continued
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Entry into model or model cycle

Baseline characteristics: gender; smoking status; LDL-C; on treatment for hypertension; systolic BP;
diastolic BP; creatinine; diabetes; prior CVD; ethnicity; BMI; previous cancer

Step 1: update age and disease history between cycles at cycle entry

v

cycle (if any) updated on occurrence
/_‘ Incident cancer ‘_\
t CRV

Step 2: simulate events (order randomised); disease history in

P ey B
Step 3: simulate vascular and NVD
(order randomised)
A 4
VD | | NVD
FIGURE 2 Cardiovascular disease microsimulation model schematic.
(a) (b)
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FIGURE 3 Internal validation of the CVD model in the CTTC database. (a) Without previous CVD; and (b) with previous
CVD. Red denotes observed with 95% confidence interval; black denotes prediction from model.
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Chapter 3 Calibration and further
development of the cardiovascular disease
microsimulation model

Aims and objectives

In this chapter, we discuss the calibration, further development and validation of the CVD
microsimulation model in the UKB cohort and the Whitehall Il study. Although CTTC trial data included
well-adjudicated CVD end points, the model needs to represent well the contemporary UK CVD and
mortality risks. Therefore, our aim was to use the large and contemporary UKB cohort to check the
initial model performance and generate a reliable CVD microsimulation model capable of predicting
CVD risks and mortality in different categories of the current UK population based on sociodemographic
and clinical risk factors.

Methods

UK Biobank cohort

Between 2006 and 2010, the UKB cohort study recruited over 500,000 individuals aged 40-70 years
from across the UK.3! Study participants were followed using routine electronic healthcare databases

to identify incidences of deaths, cancers and hospital admissions. Additionally, approximately 40%

of the participants had their primary care records linked to the study. The UKB database contains
comprehensive information on the sociodemographic, behavioural, physical and clinical characteristics
of the participants at recruitment, as well as their disease histories both at recruitment and during
follow-up. All UKB participants were included in the present study, with the exception of a small number
of individuals with end-stage kidney disease at baseline. Appendix 1 describes the processing of UKB
data to support CVD model development and QRISK3 calculation?! (see Appendix 1, Table 22).

Cardiovascular disease model development in UK Biobank

We utilised the follow-up data from the UKB up to 31 March 2017 to validate, calibrate and further
develop the event risk equations for M, stroke, CRV, incident cancer, VD and NVD. About 9500
participants experienced MI, 5000 experienced strokes and 3400 died from CVD causes, indicating
sufficient sample sizes for the development of risk equations. During the external validation of the initial
microsimulation model in the UKB database, we found that all risk equations required calibration.

The general approach to calibration and further development of the risk equations involved four steps.
First, we calibrated the intercept and shape parameters of all trial data-based initial risk equations

using the calculated linear predictor, which was calculated using initial risk equation coefficients and

UKB participant characteristics. Second, we re-estimated the coefficients of covariates with different
definitions in UKB (e.g. smoking and ethnicity categories and diabetes and cancer during follow-up) and
related interaction terms by releasing them from the linear predictor. Third, further individual participant
covariates of interest, such as physical activity, socioeconomic deprivation, diet quality, history of severe
mental illness and type 1 diabetes, which were not available in CTTC data, were included in the risk
equations. Finally, we fitted an incident diabetes risk equation with glycated haemoglobin (HbA1c) at entry
as a further covariate using data from UKB participants with linked primary care records. The incident
diabetes risk equation was estimated across both participants with and participants without previous
CVD as there was no external evidence of difference in associations with risk factors, the PH assumptions
were met and there were no substantive differences in estimated associations in the two populations. The
incident diabetes equation was integrated as an additional end point in the microsimulation model.
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Cox regression models were used for backward and forward stepwise covariate selection, with an
inclusion threshold of 1% level of statistical significance. PH assumption of covariates in each model was
tested using Schoenfeld residuals. Parametric PH models were then estimated for each end point, using
three distributions (exponential, Weibull and Gompertz), and their Akaike information criterion (AIC) and
Bayesian information criterion (BIC) were compared to identify the distributions best fitting each model
end point. Lifetime simulations were used for the end points of death, incident cancer and incident
diabetes to assess whether the model predicted lifetime risks were consistent with other UK population
data. To account for parameter uncertainty, we generated 1000 sets of coefficients using bootstrapping
(with replacement) of the respective UKB data and re-estimating the final risk equations.3¢

Executing model predictions

We executed 1000 first-order simulations for each individual and used diagnostics to determine the
sufficient number of microsimulations across study results. A simulation stops when the individual is
predicted to die or reaches 110 years of age. We summarised risks of model events, survival and quality-
adjusted life-years (QALYs) across the first-order simulations to minimise the Monte Carlo uncertainty in
the model projection for each participant.

We employed the CVD microsimulation model to perform lifelong projections for all UKB participants.
Individuals with cancer and/or diabetes history at entry were not at risk of incident cancer or diabetes.
The lifetime risks of model events, remaining life expectancy and QALYs for each participant were
derived by adding up the results across annual cycles.

We also ran 500 and 1000 simulations for probabilistic sensitivity analysis in participant categories
without and with prior CVD, respectively, and checked that the 95% confidence intervals (Cls) for cost-
effectiveness measures were reliably estimated.

Further model validation in UK Biobank and Whitehall Il studies

Cumulative end-point incidences predicted by the UKB-calibrated CVD microsimulation model were
compared with the observed cumulative end-point incidences across UKB participants by previous
CVD, sex and age at entry over the 9 years of UKB data used in the model calibration (until 31 March
2017; internal validation) and over further 3 years of UKB follow-up data not used in model estimation
(until 29 February 2020; temporally external validation). The UKB-calibrated model was further
externally validated in the Whitehall Il cohort®? using the Phase 9 data of participants as baseline

and comparing the model-predicted with the observed cumulative incidences of end points over the
next 10 years of follow-up. Appendix 2 describes the Whitehall Il data used in CVD model validation,
including participants’ baseline characteristics (see Appendix 2, Table 23) and the number of events they
experienced during follow-up (see Appendix 2, Table 24).

Results

The analytical data from the UKB study included 444,576 participants without previous CVD and
57,278 with previous CVD at entry. The average follow-up time was 8.1 years for participants without
previous CVD and 7.9 years for those with previous CVD, resulting in 3,588,967 and 451,368 person-
years of follow-up, respectively. At entry, the mean age of participants without previous CVD was 56
[standard deviation (SD) 8] years, with 56% being female, 95% being of white ethnicity, 5% having
diabetes and 16% receiving hypertension treatment. The mean age of participants with previous CVD
at entry was 60 (SD 7) years, and 41% were female, 95% were of white ethnicity, 14% had diabetes and
46% were receiving hypertension treatment (Table 4).

The numbers of events over follow-up that informed the estimation and calibration of model risk
equations are summarised in Table 5.
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TABLE 4 Baseline characteristics of the UKB participants

Without CVD history With CVD history
N 444,576 57,278
Age, years 56 (8.1) 60.4 (7.0)
Sex, male (%) 194,996 (44%) 33,734 (59%)
Ethnicity
White 420,409 (95%) 54,488 (95%)
Black 7268 (1.6%) 770 (1.3%)
South Asian 6946 (1.6%) 1053 (1.8%)
Other? 9953 (2.2%) 967 (1.7%)
Smoking status
Non-smoker 250,261 (56%) 25,137 (44%)
Ex-smoker 148,312 (33%) 25,211 (44%)
Current smoker 46,003 (10%) 6930 (12%)
BMI (kg/m?)
<185 2370 (0.53%) 256 (0.45%)
18.5-25 149,300 (34%) 13,415 (23%)
25-30 189,650 (43%) 24,241 (42%)
30-35 74,714 (17%) 13,222 (23%)
35-40 20,662 (4.6%) 4328 (7.6%)
240 7880 (1.8%) 1816 (3.2%)
LDL-C (mmol/I) 3.6(0.82) 3.1(0.87)
HDL-C (mmol/I) 1.5(0.37) 1.3(0.36)
HbA1c (mmol/mol) 35.8 (6.2) 38.6(8.7)
Creatinine (umol/I) 71 (15) 77 (19)
Systolic BP (mmHg) 138 (19) 139 (19)
Diastolic BP (mmHg) 82 (10) 81 (10)
On hypertension treatment 71,930 (16%) 26,184 (46%)
Prior diabetes (any) 21,567 (4.9%) 8171 (14%)
Prior type 1 diabetes 2741 (0.62%) 1479 (2.6%)
Prior cancer 32,713 (7.4%) 5861 (10%)
Previous CVD
Ml only 2071 (3.6%)
PAD only 6806 (12%)
Stroke only 5137 (9.0%)
Other CHD only® 28,973 (51%)

Two or more

14,291 (25%)

continued
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CALIBRATIONAND FURTHER DEVELOPMENT OF THE CARDIOVASCULAR DISEASE MICROSIMULATION MODEL

TABLE 4 Baseline characteristics of the UKB participants (continued)

Townsend deprivation score quintile
1 (least deprived)
2

3
4
5
Physical activity level
High
Moderate
Low
Missing

History of severe mental illness

Unhealthy diet (including uncertain)

Without CVD history

166,141 (37%)
89,397 (20%)
72,626 (16%)
64,448 (14%)
51,964 (12%)

145,206 (33%)

146,156 (33%)
65,932 (15%)
87,282 (20%)
36,087 (8%)

158,569 (36%)

With CVD history

18,960 (33%)
10,957 (19%)
9034 (16%)
9178 (16%)
9149 (16%)

16,780 (29%)
17,679 (31%)
10,105 (18%)
12,714 (22%)

6324 (11%)
21,705 (38%)

a Other ethnicity includes Chinese, mixed, white and Black Caribbean, white and Black African, white and Asian, any

other mixed background and other ethnic group.

b Other CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive heart disease, angina
pectoris, other acute ischaemic heart disease, chronic ischaemic heart disease, pulmonary heart disease and other form

of heart disease.

Note
Mean (SD) or n (%).

TABLE 5 Number of UKB participants with events during follow-up

Without CVD history With CVD history

Number of participants 444,576 57,278

Ml 5427 2507

Stroke 4806 2132

CRV 6860 3451

Incident cancer 29,682 5221

Incident diabetes 9014 2772

VD 2142 1708

NVD 11,004 3170
Risk equations

The external validation of the initial microsimulation model (see Chapter 2) in the UKB cohort showed
that the predicted cumulative incidence rates of CVD events were significantly higher than the observed
incidence rates, indicating a need for model calibration to enhance the accuracy of predictions in this

UK cohort.

The final parametric PH models, following the four steps of calibration and further development (see
Appendix 3, Tables 25-27), are presented in Table 6 (type of parametric model and shape parameters with

95% Cl) and Figure 4 [hazard ratio (HR) (95% ClI)].
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TABLE 6 Specifications of parametric PH risk equations

Without CVD history With CVD history
Ml Weibull, shape 1.04 (1.01 to 1.07) Exponential
Stroke Weibull, shape 1.12 (1.09 to 1.16) Exponential
CRV Weibull, shape 1.13 (1.11 to 1.16) Gompertz, shape -0.04 (-0.06 to -0.03)
Incident cancer Gompertz, shape -0.01 (-0.01 to -0.00)
Incident diabetes Weibull, shape 1.44 (1.40 to 1.48)
VD Gompertz, shape 0.05 (0.03 to 0.07) Gompertz, shape 0.07 (0.05 to 0.09)
NVD Gompertz, shape 0.06 (0.05 to 0.06) Gompertz, shape 0.05 (0.04 to 0.07)
(a)
Without previous CVD With previous CVD
HR for M1 (95% ClI) HR for M1 (95% ClI)
Baseline characteristics
Male —— 2.40(1.95t0 2.95) - 1.55(1.40t0 1.72)
African Caribbean vs. white —— 0.55(0.40t00.77) — 0.72(0.46 to 1.14)
South Asian vs. white - 1.70(1.43t02.03) —— 1.64(1.31t02.04)
Mixed or others vs. white - 0.93(0.76 to 1.15) —— 0.92(0.67 to 1.27)
Physical activity level - high vs. moderate g 1.06 (1.00 to 1.14)
Physical activity level - low vs. moderate - 1.14 (1.05 to 1.23)
Physical activity level - missing vs. moderate L g 1.14 (1.06 to 1.23)
Current smoker L 2 2.28(2.12t02.45) - 2.15(1.92t02.42)
Ex-smoker [ ] 1.14(1.07to 1.21) * 1.22(1.12t0 1.34)
On unhealthy diet (] 1.11(1.05t0 1.17)
LDL-C (centred at 3.6) per 1 mmol/| L] 1.56 (1.51t0 1.61) [ ] 1.19(1.12t0 1.26)
Natural logarithm of HDL (Inmmol/1) — 0.32(0.23t00.44) - 0.58 (0.49 t0 0.69)
Natural logarithm of creatinine (Inumol/l) —— 2.15(1.73t02.68)
Systolic BP (centred at 140 mmHg per 20 mmHg) L 2 1.27 (1.16 t0 1.38) | 1.06 (1.02t0 1.11)
On treatment for hypertension —— 1.53(1.26 to 1.87) L J 1.30(1.18t0 1.42)
Severe mental illness L 1.25(1.13t0 1.37)
Type 1diabetes at baseline _— 1.67 (1.31t0 2.12) - - 1.54(1.29to 1.84)
Disease history - Ml only vs. other CHD only at baseline - - 1.51(1.33t0 1.70)
Stroke only vs. other CHD only at baseline —eT 0.85 (0.68 to 1.06)
Peripheral artery disease only vs. other CHD only at baseline —or 0.89(0.71t0 1.13)
Two or more disease histories vs. other CHD only at baseline - 1.77 (1.53t0 2.05)
Time-updated covariates
Current age centred at 60 years (per 10 years) ) 1.68 (1.61to 1.75) [ ) 1.34(1.26 to 1.43)
Incident stroke in same year vs. none _— 0.70(0.43to 1.15)
Incident stroke in previous year vs. none — 1.61(1.22t0 2.14)
Incident CRV vs. none _— 2.50(1.51t04.14)
Incident CRV in same year vs. none — — 1.07 (0.80to 1.42)
Incident CRV in a previous year vs. none _— 0.50(0.38t0 0.65)
Baseline cancer within 5 years vs. none +— — 1.28 (0.95t0 1.71) e 0.83(0.55t01.27)
Incident cancer within 5 years vs. none -o- 1.22(1.07 t0 1.39) - - 1.33(1.12t0 1.58)
Cancer at least 5 years ago vs. none - 1.02 (0.92to0 1.13) Fo- 1.13(0.99 to 1.29)
No diabetes, HbA1c < 32 vs. no diabetes, HbA1c < 32-37 mmol/mol -1 0.90(0.82t00.99) - 0.81(0.68100.97)
No diabetes, HbA1c < 37-42 vs. no diabetes, HbAlc < 32-37 mmol/mol - 1.10(1.03 to 1.18) t - 1.09(0.98 to 1.21)
No diabetes, HbA1c < 42-48 vs. no diabetes, HbA1lc < 32-37 mmol/mol - - 1.29(1.13to 1.47) - 1.26 (1.06 to 1.49)
Diabetes within 10 years vs. no diabetes, HbA1lc < 32-37 mmol/mol - - 1.29(1.13to 1.48) - 1.26 (1.10to 1.44)
Diabetes 10 years plus vs. no diabetes, HbA1c < 32-37 mmol/mol -— 1.92(1.61t0 2.30) - 1.88 (1.64 t0 2.16)
Interactions
Current age x diabetes within 10 years -r 0.93(0.79 to 1.09)
Current age x diabetes = 10 years - 0.92(0.77 to 1.10)
0.2 0.5 10 20 5.0 0.2 0.5 10 20 5.0
HR for MI (95% CI) HR for MI (95% CI)

FIGURE 4 Hazard ratios (95% Cl) of risk factors in final risk equations. (a) Ml; (b) stroke; (c) CRV; (d) incident diabetes; (e)
incident cancer; (f) VD; and (g) NVD.

Age, male sex, smoking and treated hypertension were strongly associated with higher risks of CVD
events. Higher socioeconomic deprivation was associated with higher risks of stroke, incident diabetes,
VD and NVD. An unhealthy diet was associated with higher risks of M, stroke and VD among people
without CVD history. Lower physical activity was associated with higher risk of Ml in people without
CVD history; higher risk of stroke in people with CVD history; and higher risks of cancer, diabetes and
NVD regardless of CVD history (see Figure 4).

Ml, especially recent MlI, was strongly associated with higher risk of CRV, and, separately, higher risk
of stroke. MI and stroke were associated with higher risks of subsequent VD, with the greatest risks in

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
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CALIBRATIONAND FURTHER DEVELOPMENT OF THE CARDIOVASCULAR DISEASE MICROSIMULATION MODEL

(b) Without previous CVD With previous CVD
HR for stroke (95% Cl) HR for stroke (95% Cl)
Baseline characteristics
Male -To— 1.09(0.94to0 1.26) - 1.01(0.91t0 1.12)
Townsend score Q1 vs. Q3 -4 0.91(0.83t00.99) —e— 0.80(0.70t0 0.91)
Townsend score Q2 vs. Q3 - 1.01(0.92t0 1.12) —— 1.01(0.87 to 1.16)
Townsend score Q4 vs. Q3 —a 1.09(0.98 to 1.20) - — 0.98 (0.85t0 1.14)
Townsend score Q5 vs. Q3 - 1.27 (1.15to 1.41) -o— 1.15(1.00 to 1.33)
Physical activity level - high vs. moderate —— 0.99(0.88t0 1.12)
Physical activity level - low vs. moderate - = 1.25(1.11t0 1.42)
Physical activity level - missing vs. moderate —— 1.16 (1.03 to 1.30)
Underweight (BMI < 18.5) vs. healthy (BMI 18.5-25) —_— 2.05(1.32t03.18)
Overweight (BMI 25-30) vs. healthy (BMI 18.5-25) - — 0.87(0.76 to 1.01)
Obese | (BMI 30-35) vs. healthy (BMI 18.5-25) —— 0.76 (0.63t00.92)
Obese Il (BMI 35-40) vs. healthy (BMI 18.5-25) —1 0.83(0.62t0 1.10)
Obese Il (BMI = 40) vs. healthy (BMI 18.5-25) _— 0.72(0.46 t0 1.13)
Current smoker - 1.86(1.71t02.02) —— 1.53(1.35t0 1.74)
Ex-smoker re- 1.08(1.01t0 1.15) - 1.03(0.93t01.13)
On unhealthy diet E J 1.17(1.10to 1.24)
Natural logarithm of HDL (Inmmol/I) — 0.71(0.56 t0 0.90)
Natural logarithm of creatinine (Inumol/1) — 1.66(1.25t02.21) — 1.52(1.23t0 1.88)
Systolic BP (centred at 140 mmHg per 20 mmHg) - 1.31(1.21t0 1.42) ) 1.20(1.15t0 1.25)
On treatment for hypertension —— 1.39(1.20to 1.61)
Severe mental illness -~ 1.26 (1.14 to 1.39) —— 1.27 (1.12to0 1.43)
Type 1 diabetes at baseline _— 1.56(1.23t0 1.98) _— 1.75(1.43t02.15)
Prior disease history - Ml only vs. other CHD only at baseline —— 1.03(0.91t0 1.18)
Stroke only vs. other CHD only at baseline _— 2.01(1.67t02.42)
Peripheral artery disease only vs. other CHD only at baseline _— 1.33(1.09to 1.61)
Two or more disease histories vs. other CHD only at baseline _— 1.72(1.48t0 1.98)
Time-updated covariates
Current age centred at 60 years (per 10 years) - - 1.91(1.74 t0 2.09) - - 1.59(1.48t01.71)
Incident Ml vs. none —— 1.75(1.30t0 2.38) _— 1.50(1.26 t0 1.78)
Incident CRV vs. none _— 1.77 (1.26 t0 2.47)
Baseline cancer within 5 years vs. none — — 1.40(1.01t0 1.93) — — 1.44 (1.00 to 2.08)
Incident cancer within 5 years vs. none - 1.85(1.65 t0 2.08) —— 1.66 (1.40to 1.98)
Cancer at least 5 years ago vs. none - - 1.35(1.23t0 1.48) - = 1.24(1.09 to 1.42)
No diabetes, HbA1c < 32 vs. no diabetes, HbA1c < 32-37 mmol/mol -»- 1.03(0.94t0 1.12) —— 1.02(0.86t01.21)
No diabetes, HbA1c < 37-42 vs. no diabetes, HbA1c < 32-37 mmol/mol - - 1.10(1.02t0 1.18) o 1.10(0.98t0 1.23)
No diabetes, HbA1c < 42-48 vs. no diabetes, HbA1c < 32-37 mmol/mol —— 1.28(1.11t0 1.48) -+ — 1.12(0.92 to 1.36)
Diabetes within 10 years vs. no diabetes, HbA1c < 32-37 mmol/mol - - 1.25(1.10to 1.42) - — 1.47 (1.27 to 1.69)
Diabetes 10 years plus vs. no diabetes, HbA1c < 32-37 mmol/mol _— 1.65(1.43to0 1.90) —— 1.56(1.32t0 1.83)
Interactions
Current age x systolic BP -o- 0.89(0.84t00.95)
L L L L L L
0.5 1.0 20 30 0.5 1.0 20 30
HR for stroke (95% CI) HR for stroke (95% Cl)
(c)
Without previous CVD With previous CVD
HR for CRV (95% Cl) HR for CRV (95% Cl)
Baseline characteristics
Male L 4 2.18(1.78t0 2.67) [ ] 2.21(2.02t02.42)
African Caribbean vs. white - 0.55(0.39t00.76) —o- 0.63(0.39 to 1.00)
South Asian vs. white ° 1.57 (1.36 to 1.80) L 2 1.41(1.18t0 1.68)
Mixed or other vs. white - 0.91(0.76 to 1.10) re- 1.29(1.01to 1.64)
Physical activity level - high vs. moderate 4 1.07 (1.00 to 1.13)
Physical activity level - low vs. moderate [ 0.90(0.83t00.96)
Physical activity level - missing vs. moderate 4 1.03(0.97 to 1.11)
Underweight (BMI < 18.5) vs. healthy (BMI 18.5-25) —— 0.39(0.13t0 1.18)
Overweight (BMI 25-30) vs. healthy (BMI 18.5-25) » 1.11(0.99to 1.24)
Obese | (BMI 30-35) vs. healthy (BMI 18.5-25) £ 1.02(0.88t0 1.19)
Obese Il (BMI 35-40) vs. healthy (BMI 18.5-25) - 0.93(0.71to 1.21)
Obese IIl (BMI = 40) vs. healthy (BMI 18.5-25) ——| 0.50(0.30t0 0.84)
Current smoker ® 1.17 (1.09 to 1.25) [ ] 1.30(1.17 to 1.45)
Ex-smoker o 1.15(1.09 to 1.21) o 1.16 (1.07 to 1.25)
LDL-C (centred at 3.6) per 1 mmol/| ° 1.54(1.35t0 1.76) £l 1.22(1.14t0 1.31)
Natural logarithm of HDL (Inmmol/1) -o- 0.24(0.17t0 0.33) L 2 0.41(0.33t0 0.50)
Diastolic BP (centred at 80 mmHg per 10 mmHg) [ 0.89(0.85t00.93)
On treatment for hypertension - - 1.61(1.33t01.95) L] 1.76 (1.56 t0 1.97)
Prior disease history - Ml only vs. other CHD only at baseline ° 0.74(0.65 t0 0.85)
Stroke only vs. other CHD only at baseline - 0.18 (0.12t0 0.26)
Peripheral artery disease only vs. other CHD only at baseline - 0.15(0.10t0 0.23)
Two or more disease histories vs. other CHD only at baseline o 0.80(0.68 t0 0.95)
Time-updated covariates
Current age centred at 60 years (per 10 years) o 1.18 (1.06 to 1.30) o 1.17 (1.10to 1.24)
Incident Ml in same year vs. none -8 682(565t0823) £ 3 82.5(70.6 to 96.4)
Incident Ml in previous year vs. none - 76.0(50.5to 114) - 31.3(24.7t0 39.7)
Incident Ml at least 2 years ago vs. none - = 15.1(8.70t0 26.3) - - 5.79(4.25t07.89)
Incident stroke in same year vs. none «— 0.14 (0.05 t0 0.35)
Incident stroke in a previous year vs. none - 0.67(0.42to 1.05)
Baseline cancer within 5 years vs. none -» 1.09 (0.82 to 1.44) -ar- 0.85 (0.61to 1.20)
Incident cancer within 5 years vs. none [ ] 0.73(0.64t00.84) L 2 0.64(0.52t00.78)
Cancer at least 5 years ago vs. none > 1.06 (0.97 to 1.16) [ 0.89(0.79 to 1.00)
No diabetes, HbA1c < 32 vs. no diabetes, HbA1c < 32-37 mmol/mol L 0.94(0.87 to 1.02) < 0.88(0.76 to 1.02)
No diabetes, HbAlc < 37-42 vs. no diabetes, HbAlc < 32-37 mmol/mol » 1.10(1.04 to 1.17) g 1.11(1.01t0 1.21)
No diabetes, HbAlc < 42-48 vs. no diabetes, HbA1c < 32-37 mmol/mol J 1.16(1.03to 1.31) o 1.22(1.05to0 1.41)
Diabetes within 10 years vs. no diabetes, HbA1c < 32-37 mmol/mol ® 1.19(1.09 to 1.31) o 1.26 (1.13 to 1.40)
Diabetes 2 10 years plus vs. no diabetes, HbA1c < 32-37 mmol/mol ° 1.43(1.38t0 1.70) [ ] 1.32(1.18t0 1.47)
P P L L - P L L
02 051020 50 1000  700.0 02 051020 50 100.0  700.0
HR for CRV (95% Cl) HR for CRV (95% Cl)

FIGURE 4 Continued
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(d)
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With and without previous CVD

HR for incident diabetes (95% Cl)

Baseline characteristics
Male L 1.32(0.23to 1.41)
African Caribbean vs. white —0— 1.07 (0.88t0 1.29)
South Asian vs. white - 1.49(0.30to0 1.72)
Mixed or other vs. white —— 1.24 (1.06 to 1.44)
Townsend score Q1 vs. Q3 -0 0.91(0.85t00.99)
Townsend score Q2 vs. Q3 L 0.98 (0.90 to 1.06)
Townsend score Q4 vs. Q3 » 1.03(0.95t01.12)
Townsend score Q5 vs. Q3 -@ 1.12(1.03t0 1.22)
Physical activity level - high vs. moderate @ 0.89(0.84 t00.96)
Physical activity level - low vs. moderate 1@ 1.07 (1.00to 1.15)
Physical activity level - missing vs. moderate l@- 1.07 (1.00to 1.14)
Underweight (BMI < 18.5) vs. healthy (BMI 18.5-25) —_—— 1.38(0.79 t0 2.38)
Overweight (BMI 25-30) vs. healthy (BMI 18.5-25) E 2 1.51(1.38to 1.65)
Obese | (BMI 30-35) vs. healthy (BMI 18.5-25) -o- 2.39(2.18t02.62)
Obese Il (BMI 35-40) vs. healthy (BMI 18.5-25) -o- 3.38(3.04to 3.76)
Obese 11l (BMI 2 40) vs. healthy (BMI 18.5-25) - 3.69(3.24t04.19)
Current smoker L 0.96 (0.89 to 1.04)
Ex-smoker Lo~ 1.07 (1.01t0 1.13)
On unhealthy diet e 1.13(1.07 t0 1.19)
Natural logarithm of HDL (Inmmol/I) - 0.30(0.26 t0 0.34)
Natural logarithm of creatinine (Inmmol/I) —— 0.64 (0.55t00.74)
Systolic BP (centred at 140 mmHg per 20 mmHg) ° 1.13(1.10to0 1.16)
HbA1c (mmol/mol) [ 1.30(1.29t0 1.31)
On treatment for hypertension L 1.38 (1.30to 1.46)
Severe mental illness - 1.38(1.29t0 1.48)
Prior disease history - Ml only vs. no CVD history at baseline — 1.36(1.04t0 1.77)
Stroke only vs. no CVD history at baseline —— 1.41(1.18to0 1.68)
Other CHD only vs. no CVD history at baseline - 1.20(1.11t0 1.31)
Peripheral artery disease only vs. no CVD history at baseline —— 1.31(1.10to 1.56)
Two or more disease histories vs. no CVD history at baseline -&- 1.46 (1.32t0 1.61)
Time-updated covariates
Current age centred at 60 years (per 10 years) —— 1.58 (1.16 to 2.15)
Incident Ml vs. none —— 1.40(1.12to0 1.74)
Incident CRV in same year vs. none —_— 0.38(0.21t0 0.68)
Incident CRV in a previous year vs. none —0— 0.99(0.81to0 1.21)
Baseline cancer within 5 years vs. none —— 1.62(1.23t0 2.14)
Incident cancer within 5 years vs. none -o- 2.45(2.22t02.69)
Cancer at least 5 years ago vs. none - 1.34(1.24 to 1.46)
Interactions
Current age x HbA1c ® 0.99 (0.98 to 1.00)
0.2 0.5 1.0 20 30

HR for incident diabetes (95% Cl)

FIGURE 4 Continued

the year of event. CRV was associated with lower risk of subsequent VD. Longer time since diabetes
diagnosis and higher HbA1c level, in those without diabetes, were associated with higher risks of

all CVD events. The patterns were similar in people without and people with CVD history, although
magnitudes differed (see Figure 4). See Appendix 3 for the detailed risk equations (see Appendix 3,
Table 28).

The diagnostics for the number of first-order simulations (see Appendix 4) indicated that 500 first-order
simulations achieved stable estimates across the participant categories of interest (see Appendix 4,
Figure 14). The diagnostics for the number of simulations for the probabilistic sensitivity analyses
indicated that 500 and 1000 simulations in people without and people with previous CVD, respectively,
were sufficient to achieve stable estimates of the 95% Cls (see Appendix 4, Figure 15).

After calibration, the model’s predicted cumulative incidence rates for all end points across follow-up
years showed good agreement with the observed rates in participant categories by previous CVD, age,
sex and prior diabetes in the UKB (Figures 5a and 6). The UKB-calibrated model also demonstrated
good overall performance in the external validation in the Whitehall Il cohort, with only a slight
overestimation of stroke risk among participants without previous CVD (see Figure 5b).
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(e)

With and without previous CVD

HR for incident cancer (95% Cl)

Baseline characteristics
Male o 1.03(1.00to 1.05)
African Caribbean vs. white —— 0.96 (0.86 to 1.06)
South Asian vs. white —— 0.73(0.65t00.81)
Mixed or others vs. white —— 0.85(0.78t0 0.93)
Physical activity level - high vs. moderate 0.98 (0.95to 1.01)
Physical activity level - low vs. moderate ‘I'O' 1.07 (1.04 to 1.10)
Physical activity level - missing vs. moderate 1.03 (1.00 to 1.06)
Current smoker -o- 1.44 (1.39 to 1.50)
Ex-smoker L 1.14(1.11t0 1.17)
On unhealthy diet [ 2 1.05(1.03to 1.08)
Natural logarithm of HDL (Inmmol/I) —-— 0.93(0.88t00.99)
Type 1 diabetes at baseline —— 1.38(1.24t0 1.53)
Prior disease history - Ml only vs. no CVD history at baseline -o- 0.98(0.93to0 1.04)
Stroke only vs. no CVD history at baseline —— 0.99(0.92 to 1.06)
Other CHD only vs. no CVD history at baseline - 1.00 (0.94 to 1.06)
Peripheral artery disease only vs. no CVD history at baseline —— 1.21(1.11t01.32)
Two or more disease histories vs. no CVD history at baseline —— 1.09(1.02to0 1.15)
Time-updated covariates
Current age centred at 60 years (per 10 years) - 1.57 (1.53t0 1.61)
Incident Ml in same year vs. none —_— 0.71(0.58t0 0.86)
Incident Ml in a previous year vs. none —o 0.95 (0.86 to 1.04)
Incident CRV in same year vs. none —_—— 0.75(0.63t00.89)
Incident CRV in a previous year vs. none —o 0.97 (0.90 to 1.05)
No diabetes, HbA1c < 32 vs. no diabetes, HbAlc < 32-37 mmol/mol o 1.03(1.00to 1.06)
No diabetes, HbA1c < 37-42 vs. no diabetes, HbA1c < 32-37 mmol/mol [ 1.04(1.02t0 1.07)
No diabetes, HbAlc < 42-48 vs. no diabetes, HbAlc < 32-37 mmol/mol - 1.16 (1.10to 1.23)
Diabetes within 10 years vs. no diabetes, HbA1c < 32-37 mmol/mol —o- 1.12(0.06t0 1.17)
Diabetes 10 years plus vs. no diabetes, HbA1c < 32-37 mmol/mol -o— 1.07 (1.01to 1.14)
Interactions
Current age x male - 1.52(1.48t0 1.57)
Current age x current smoker -o- 1.13(1.08t0 1.17)
Current age x ex-smoker - 1.00(0.97 to 1.03)
0;5 1.0 220

HR for incident cancer (95% Cl)

FIGURE 4 Continued

Model prediction in UK Biobank

We used the calibrated model to execute individual projections for all UKB participants. For individuals
in the same age and sex category, shorter life expectancy and fewer QALYs were predicted for those
with CVD history or higher 10-year CVD risk. Men had shorter life expectancy but more QALYs as a
proportion of their life expectancy than women, reflecting higher QoL in men all else equal. Taking
participants aged 50-59 years as an example, the projected remaining life-years ranged between 24.2
(95% Cl 23.1 to 25.5) and 34.6 (33.5 to 35.8) years for men [15.7 (15.1 to 16.5) to 29.4 (28.5 to 30.3)
QALYs] and between 28.0 (27.7 to 30.1) and 37.2 (36.0 to 38.5) years for women [16.4 (16.0 to 17.4)
to 29.0 (28.0 to 29.8) QALYs], depending on their CVD history or 10-year CVD risk (see the summary of
model predictions and their parameter uncertainty presented in Appendix 5, Table 29).

Summary

The CVD microsimulation policy model, which was calibrated in the UKB cohort, demonstrated good
performance across different categories of UKB participants and Whitehall Il participants. The model

NIHR Journals Library www.journalslibrary.nihr.ac.uk
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(8)
Without previous CVD With previous CVD
HR for NVD (95% ClI) HR for NVD (95% Cl)

Baseline characteristics

Male ° 1.36 (1.30to 1.43) 1.01(0.89to0 1.14)

African Caribbean vs. white - 0.68 (0.56t0 0.83) —— 0.62(0.42t00.92)

South Asian vs. white -0 0.77 (0.63t0 0.96) 0.71(0.50to 1.01)

Mixed or others vs. white 0.83(0.70t00.97) 0.80(0.57t01.12)

Townsend score Q1 vs. Q3 0.93(0.88t00.98) & 0.82(0.73t00.92)

Townsend score Q2 vs. Q3 0.93(0.87t00.99) 0.99(0.88t0 1.12)

Townsend score Q4 vs. Q3 1.04(0.97 to 1.11) 1.00 (0.89t0 1.14)

Townsend score Q5 vs. Q3 ® 1.27 (1.19to 1.36) 1.34(1.19 to 1.50)

Physical activity level - high vs. moderate 0.96 (0.91 to 1.00) 0.93(0.85 to 1.03)

Physical activity level - low vs. moderate (] 1.24(1.17to 1.31) [ ] 1.33(1.20to 1.46)

Physical activity level - missing vs. moderate 1.11(1.05to0 1.16) 1.12(1.02to0 1.24)

Underweight (BMI < 18.5) vs. healthy (BMI 18.5-25) —— 2.15(1.63t02.85) —— 2.81(1.96t04.03)

Overweight (BMI 25-30) vs. healthy (BMI 18.5-25) 0 0.88(0.79t00.97) o] 0.87(0.78t0 0.96)

Obese | (BMI 30-35) vs. healthy (BMI 18.5-25) L g 0.74(0.65t00.85) @ 0.83(0.72t00.96)

Obese Il (BMI 35-40) vs. healthy (BMI 18.5-25) -0 0.81(0.65 to 1.00) - 0.94(0.73t0 1.21)

Obese Il (BMI = 40) vs. healthy (BMI 18.5-25) - 0.94(0.71to 1.25) —— 1.33(0.89t0 1.98)

Current smoker ® 1.97 (1.86 to 2.08) * 1.90(1.71t0 2.11)

Ex-smoker ® 1.21(1.16t0 1.27) ® 1.31(1.20to 1.42)

On unhealthy diet ® 1.15(1.11t0 1.20) [ 1.26(1.18t0 1.36)

LDL-C (centred at 3.6) per 1 mmol/I o 0.88(0.82t00.95)

Natural logarithm of creatinine (Inmmol/l) -o- 1.85(1.47 to 2.33)

Severe mental illness ® 1.14(1.07 to 1.22)

Type 1 diabetes at baseline Lo- 1.19(1.01to 1.41)

Prior disease history - Ml only vs. other CHD only at baseline fo- 1.14(0.99to 1.31)
Stroke only vs. other CHD only at baseline -0 1.54(1.27 to 1.88)
Peripheral artery disease only vs. other CHD only at baseline - 1.58 (1.30to0 1.91)
Two or more disease histories vs. other CHD only at baseline L 4 1.39(1.20to 1.61)

Time-updated covariates

Current age centred at 60 years (per 10 years) ([ ] 1.72(1.65t0 1.79) ® 1.55(1.43t0 1.68)

Incident Ml vs. none -0 1.62(1.35t0 1.93)

Incident stroke vs. none - 1.97 (1.54t0 2.52) E 2 1.97 (1.64 t0 2.37)

Incident CRV in same year vs. none —— 0.45(0.28t0 0.74)

Incident CRV in a previous year vs. none -0- 0.98(0.80to 1.21)

Baseline cancer in 1 year ago vs. none —— 21.5(14.4t0 31.9) —— 29.4(19.3to 44.6)

Baseline cancer in 2 year ago vs. none -~ 33.4(27.1t041.3) —— 18.3(12.9t0 25.9)

Baseline cancer in 3 year ago vs. none R g 33.7(28.5 t0 40.0) —— 13.4(9.68t018.7)

Baseline cancer in 4 year ago vs. none -0 24.1(20.3t0 28.6) —— 11.5(8.46to0 15.7)

Incident cancer in same year vs. none ® 84.4(79.4t089.7) * 38.9(35.0t043.2)

Incident cancer in 1 year ago vs. none ® 98.3(92.4to0105) * 39.7 (35.4to 44.4)

Incident cancer in 2 year ago vs. none ° 60.5 (56.1to0 65.4) - 20.0(17.0to 23.4)

Incident cancer in 3 year ago vs. none [ ) 38.8(35.2t042.8) -o- 14.4(11.8t0 17.7)
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FIGURE 5 Validation of the CVD model in UKB and Whitehall Il cohorts. (a) Validation in UKB; and (b) validation in
Whitehall Il Phase 9. Red, observed; black, model. Validation covers 12 years in UKB (8 years for incidence diabetes due to
stopping follow-up earlier) and 10 years in Whitehall Il (7 years for incidence cancer due to stopping follow-up earlier).

can be used to project individuals’ lifetime risks of cardiovascular morbidity, incident diabetes, incident
cancer, and vascular and nonvascular mortality, and long-term effects of strategies to reduce CVD risks.

Report Supplementary Material 1 includes the Transparent Reporting of a multivariable prediction
model for Individual Prognosis or Diagnosis (TRIPOD) Checklist for the Prediction Model Development
and Validation.

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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CALIBRATIONAND FURTHER DEVELOPMENT OF THE CARDIOVASCULAR DISEASE MICROSIMULATION MODEL
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Chapter 4 Modelling the primary and hospital
care costs associated with cardiovascular
disease events

Aims and objectives

Our aim was to generate cost evidence for a patient-level microsimulation model that would be used
in cost-effectiveness analyses of interventions to reduce CVD risk. This evidence had to be specific
to patient characteristics and their experiences of CVD events. The objective was to estimate annual
healthcare costs associated with patient characteristics and events, as used in the model, from the
perspective of the UK NHS.

To achieve this, we developed separate cost regression models to predict the annual primary and
hospital care costs based on the baseline characteristics of the participants and their time-updated
experiences of key disease events. In particular, these cost models take into account the duration since
adverse events, which can significantly impact healthcare costs.

Methods

Data

This study was conducted using data from the UKB, the cohort used in the calibration of the
microsimulation model. All UKB participants with established linkage to primary care (38.5%) or hospital
inpatient care (100%) records were included, with the exception of a small number of participants with
end-stage renal disease for whom the linked hospital data did not include dialysis information. The
analyses focused on the primary and hospital inpatient care costs. Primary care services were costed

by identifying categories of consultations, monitoring tests and prescription medications and costing
them based on the Unit Costs of Health and Social Care,®’-%° the national reference costs,* and NHS
prescription cost analysis,*! respectively. Hospital inpatient care services were costed by identifying the
hospital episodes, grouping the episodes into Healthcare Resource Groups*? and costing them using the
NHS England reference costs.*%3 Costs were analysed in annual cycle from entry into the UKB and were
generated by summing the costs incurred by each participant during each year of follow-up in the study.
All costs were inflated to year 2020 using the NHS cost inflation index.®” The conventional participant
risk factors included in the disease risk models were also included in the cost models. We assessed the
impact of the following four CVD events, namely M, stroke, CRV and VD, and three nonvascular events,
namely diabetes, cancer and NVD, on annual healthcare costs. Follow-up data from participants’ entry
into the UKB until 31 March 2016 contributed to these analyses.

Statistical methods

The following participant characteristics at entry into UKB were considered in the cost models: sex,
ethnicity, smoking status, physical activity, diet quality, BMI, LDL-C, HDL-C, serum creatinine, systolic
and diastolic BP, treated hypertension, and histories of diabetes, severe mental illness and CVD. The
models also included annually updated participant characteristics such as current age and time since
previous CVD events or incident diabetes or cancer. The study used generalised linear regression
models to model annual primary care costs and two-part models to model annual hospital care costs,
with the first part modelling the probability of incurring any costs and the second part modelling the
costs conditional on incurring any. The study considered six different generalised linear models (GLMs)
using three distributions (Gaussian, Poisson and gamma) and two link functions (identity and natural
log), and the best-fitting models were chosen based on specification tests, predictive performance

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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and parsimony. Finally, the study used cluster robust standard errors (SEs) to account for the lack of
independence between annual periods for the same participant and performed stepwise bidirectional
covariate selection at the 1% level of statistical significance. Analyses were performed using R version
4.1.3 (The R Foundation for Statistical Computing, Vienna, Austria).

Results

All 501,807 participants of the UKB contributed to the hospital cost analyses, while 192,983 (38.5%)
contributed to the primary care cost analyses over 3,798,324 and 1,255,741 annual follow-up periods,
respectively. Participants with previous CVD were older (mean age of 60 and 56 years, respectively),
more likely to be men (57-59% and 44%, respectively), from more deprived socioeconomic
backgrounds, and more likely to be smokers, be less physically active, have an unhealthy diet, have a
higher BMI and have disease histories such as treated hypertension, diabetes, cancer and severe mental
iliness (Table 7).

During the 7.1-year mean follow-up period, a small percentage of participants experienced the key
CVD events, with higher event risks among people with previous CVD (Table 8). Additionally, some
participants without previous diabetes or cancer at recruitment were diagnosed with these conditions
during the follow-up period. The duration of follow-up was similar between the primary and hospital
care cost analyses, and between participants with and participants without previous CVD. On average,
participants had several primary care consultations, diagnostic and monitoring tests, and prescription
medications per year, with primary care costs totalling £409 per year and the hospital inpatient cost
totalling £583 per year. People with previous CVD had higher rates and costs of primary and hospital
care than those without (see Table 8).

Annual primary care consultation rates and annual hospital admission rates peaked in the year of
events such as M, stroke, CRV, diabetes or cancer, and then decreased over the subsequent years. The
annual costs had a similar pattern across event types, except that annual primary care costs continued
to increase after the year of stroke. Participants with previous CVD had higher annual primary care
consultation rates and hospital admission rates, and higher annual primary care and hospital care costs
(Figure 7).

After statistical model selection, primary care costs were modelled using one-part GLMs with Poisson
distribution and identity link function, while hospital care costs were modelled using two-part models
with logistic regression model (part 1) and GLM with Poisson distribution and identity link function
(part 2). The annual primary and hospital care costs were £262 and £244, respectively, for the
reference individual in models for people without previous CVD. The reference annual primary and
hospital care costs were £302 and £376, respectively, in models for people with previous CVD with
the same reference characteristics except having a history of Ml at baseline. Participant characteristics
associated with higher primary care cost included older age, female sex, south Asian ethnicity, higher
socioeconomic deprivation, smoking, low level of physical activities, unhealthy BMI, and morbidity,
including treated hypertension, severe mental illness or prior diabetes or CVD (Table 9). Similar
characteristics, except south Asian ethnicity, were also associated with higher hospital care costs
(Table 10).

Summary of findings
Our research offers valuable contemporary insights into the long-term primary and hospital care costs
associated with CVD events, providing models to predict healthcare costs at the individual level. The

cost models are intended to be used in cost-effectiveness assessments of therapies to reduce CVD risk,
using CVD decision models.

NIHR Journals Library www.journalslibrary.nihr.ac.uk
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TABLE 7 Baseline characteristics of UKB participants contributing to cost models

Hospital care costs analysis

Primary care costs analysis

With previous
CVD (N = 24,778)

Without previous
CVD (N = 168,205)

With previous
CVD (N = 57,271)

Without previous
CVD (N = 444,536)

Age (years) 56.1(8.0) 60.3 (7.1) 56.0(8.1) 60.4 (7.0)
Male 73,573 (43.7) 14,084 (56.8) 194,979 (43.9) 33,729 (58.9)
Ethnicity
White 159,517 (94.8) 23,570 (95.1) 417,964 (94) 54,121 (94.5)
Black 1851 (1.1) 222 (0.9) 7266 (1.6) 770 (1.3)
South Asian 2905 (1.7) 495 (2) 6983 (1.6) 1058 (1.8)
Other? 3170 (1.9) 355(1.4) 9912 (2.2) 962 (1.7)
Missing 762 (0.5) 136 (0.5) 2411 (0.5) 360 (0.6)
Townsend socioeconomic deprivation quintile
1 (least deprived) 63,113 (37.5) 8248 (33.3) 166,039 (37.4) 18,951 (33.1)
2 34,644 (20.6) 4880 (19.7) 89,211 (20.1) 10,939 (19.1)
3 27,656 (16.4) 3977 (16.1) 72,492 (16.3) 9019 (15.7)
4 24,526 (14.6) 3982(16.1) 64,358 (14.5) 9155 (16.0)
5 18,029 (10.7) 3657 (14.8) 51,883 (11.7) 9138 (16.0)
Missing 237(0.1) 34(0.1) 553(0.1) 69 (0.1)
Smoking
Never 94,763 (56.3) 11,069 (44.7) 248,296 (55.9) 24,880 (43.4)
Ex-smoker 55,607 (33.1) 10,654 (43) 147,781 (33.2) 24,998 (43.6)
Current smoker 17,016 (10.1) 2874 (11.6) 45,979 (10.3) 6927 (12.1)
Missing 819 (0.5) 181 (0.7) 2480 (0.6) 466 (0.8)
Physical activity level
Low 24,777 (14.7) 4265 (17.2) 65,921 (14.8) 10,104 (17.6)
Moderate 55,199 (32.8) 7676 (31) 146,146 (32.9) 17,677 (30.9)
High 55,680 (33.1) 7468 (30.1) 145,192 (32.7) 16,776 (29.3)
Missing 32,549 (19.4) 5369 (21.7) 87,277 (19.6) 12,714 (22.2)
Diet quality
Healthy 108,313 (64.4) 15,553 (62.8) 285,989 (64.3) 35,570 (62.1)
Unhealthy 56,945 (33.9) 8643 (34.9) 149,077 (33.5) 20,166 (35.2)
Missing 2947 (1.8) 582 (2.3) 9470 (2.1) 1535 (2.7)
BMI (kg/m?)
<185 840 (0.5) 128(0.5) 2364 (0.5) 253 (0.4)
>18.5,<25 55,226 (32.8) 6035 (24.4) 148,846 (33.5) 13,352 (23.3)
> 25,<30 71,515 (42.5) 10,344 (41.7) 187,957 (42.3) 23,874 (41.7)
> 30, < 35 28,779 (17.1) 5485 (22.1) 74,396 (16.7) 13,037 (22.8)
continued
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TABLE 7 Baseline characteristics of UKB participants contributing to cost models (continued)

Primary care costs analysis

Without previous
CVD (N = 168,205)

With previous
CVD (N = 24,778)

Hospital care costs analysis

Without previous
CVD (N = 444,536)

With previous
CVD (N = 57,271)

> 35,<40 7949 (4.7) 1802 (7.3) 20,645 (4.6) 4312 (7.5)
240 2990 (1.8) 733(3) 7871 (1.8) 1813(3.2)
Missing 906 (0.5) 251 (1) 2457 (0.6) 630 (1.1)
LDL-C (mmol/I) 3.6 (0.9) 3.1(0.9) 3.6(0.8) 3.1(0.9)
HDL-C (mmol/I) 1.5(0.4) 1.3(0.4) 1.5(0.4) 1.3(0.4)
Creatinine (umol/l) 71.5(15.1) 76.5(19.5) 71.5(15.1) 77.0(19.8)
Systolic BP (mmHg) 138.2 (18.7) 139.1 (19.0) 137.8 (18.6) 138.9 (18.9)
Diastolic BP (mmHg) 82.6(10.1) 81.0(10.4) 82.4(10.1) 80.9 (10.5)
On antihypertensive 27,240 (16.2) 10,900 (44) 71,925 (16.2) 26,181 (45.7)
treatment
Prior diabetes
Type 1 926 (0.6) 558(2.3) 2487 (0.6) 1378 (2.4)
Type 2 7134 (4.2) 2694 (10.9) 19,075 (4.3) 6792 (11.9)
Prior cancer 12,221 (7.3) 2420 (9.8) 32,712 (7.4) 5859 (10.2)
Severe mental illness 17,549 (10.4) 3374 (13.6) 36,082 (8.1) 6323 (11)
history
Previous CVD
No 168,205 (100) 0(0) 444,536 (100) 0(0)
Ml only 776 (3.1) 2070 (3.6)
Stroke only 1991 (8) 5137 (9)
PAD only 3473 (14) 6805 (11.9)
Other CHD only® 12,642 (51) 28,969 (50.6)
Two or more 5896 (23.8) 14,290 (25)

a Other ethnicity includes Chinese, mixed, white and Black Caribbean, white and Black African, white and Asian, any

other mixed background and other ethnic group.

b Other CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive heart disease, angina

pectoris, other acute ischaemic heart disease, chronic ischaemic heart disease, pulmonary heart disease and other form

of heart disease.
Note

Values are mean (SD) or n (%).

Reproduced with permission from Zhou et al.** This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/
by/4.0/. The table includes minor additions and formatting changes to the original table.

The cost models can also be used to derive the marginal effects of CVD events on primary and hospital
care cost. Both the cost models and the derived marginal effects can inform economic and policy
assessments of the value of health interventions aimed at reducing CVD risk and burden, as well as cost
analyses. Beyond the impact of conditions such as CVD, diabetes and cancer, our research identified
key individual factors that play a significant role in primary and hospital care costs. These factors include
smoking, obesity and low physical activity, and addressing them could help reduce the demand and
costs associated with healthcare services.
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TABLE 8 Number of participants with events, healthcare use and costs during follow-up

Primary care costs analysis Hospital care costs analysis

Without With Without With
previous CVD previous CVD previous CVD previous CVD
(N = 168,205) (N = 24,778) (N = 444,536) (N =57,271)

Duration of follow-up (years) 7.1(0.9) 7.0(1.2) 7.1(1.0) 7.0(1.3)

Number of participants with events during follow-up

Mi 1841 (1.1) 871(3.5) 4651 (1.0) 2210(3.9)
Stroke 1730 (1.0) 812(3.3) 4106 (0.9) 1872(3.3)
CRV 2197 (1.3) 1205 (4.9) 5877 (1.3) 3094 (5.4)
Incident diabetes? 3425 (2.1) 1077 (5.0) 7395 (1.7) 2301 (4.7)
Incident cancer? 9057 (5.8) 1797 (8.0) 25,376 (6.2) 4498 (8.7)
VD 521(0.3) 457 (1.8) 1781 (0.4) 1412 (2.5)
NVD 2777 (1.7) 869 (3.5) 9067 (2.0) 2632 (4.6)

Healthcare use during follow-up
Total number of person-years 1,096,034 159,707 3,371,754 426,570

Person-years with primary/ 1,015,858 (92.7) 156,379 (97.9) 534,287 (15.8) 121,167 (28.4)
hospital care costs

Number of primary care con-  5.10(5.08 to 5.11) 8.31(8.24t08.38) 0.34(0.33to 0.34) 0.71 (0.70t0 0.72)
sultations/hospital inpatient

episodes per person-year

(95% Cl)

Number of diagnostic 2.98 (2.96 to 2.99) 5.84 (5.77 to 5.91)
and monitoring tests per
person-year (95% Cl)

Number of prescription 17.9 (17.8 to 18.0) 48.3 (47.6 to 49.0)
medications per person-year
(95% Cl)

Annual cost (£) (95% CI)

Total primary/hospital 360 (356 to 363) 746 (730 to 762) 514 (510 to 518) 1131 (1114 to
inpatient care costs 1149)

Primary care consultations 148 (147 to 148) 241 (239 to 243)

Diagnostic and monitoring 28 (28 to 28) 49 (48 to 49)
tests (primary care)

Prescription medications 183 (180 to 187) 456 (441 to 471)
(primary care)

a Calculated as proportion of participants without condition at baseline.

Note

Values are mean (SD) or n (%) unless stated otherwise.

Reproduced with permission from Zhou et al.** This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/
by/4.0/. The table includes minor additions and formatting changes to the original table.
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FIGURE 7 Annual rates and costs of healthcare use by time since adverse event. a, Incident cases only. Mean annual costs are summarised for UKB participants experiencing the
corresponding events. Annual periods are defined from date of participant’s entry into UKB. ‘Event’ years correspond to the annual periods with respective event; ‘pre-event’ years
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correspond to annual periods prior to annual periods with respective event. Thereafter data are presented for each subsequent annual period up to 5 years following the annual periods
with events. Total numbers of corresponding first events in the study period are presented on the right-hand side. Reproduced with permission from Zhou et al.** This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,

for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The figure includes minor additions and formatting changes to the
original figure.
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TABLE 9 Annual primary care costs (£) models: GLMs with Poisson distribution and identity link function

Participants without previous Participants with

Covariate CVD, mean (SE)? previous CVD, mean (SE)*

Intercept 262 (4) 302 (22)
Baseline characteristics

Male (ref: female) -51(3) -50(13)
Ethnicity (ref: white)

Black -3(11) 61(127)
South Asian 57 (9) 24 (36)
Others -3(2) -107 (24)

Townsend socioeconomic deprivation quintile (ref: quintile 3)

1 (least deprived) -5(1) 6(17)
2 4(2) 25(17)
4 6(3) 49 (21)
5 50 (6) 132 (34)

Smoking (ref: never)
Ex-smoker 22 (2) c
Current smoker 50 (5) c

Physical activity level (ref: moderate)

Low 30(5) 117 (21)
High -2(2) -8(10)
Missing 32 (4) 96 (21)

BMI (kg/m?) (ref: = 18.5, < 25)

<18.5 36 (15) 182 (107)
>25,<30 3(2) 8(11)
>230,<35 31(4) 58 (16)
> 35,<40 91 (9) 194 (46)
> 40 132 (13) 329 (44)
LDL-C (centred at 3.6; per 1 mmol/I) -6(2) c
Natural logarithm of HDL-C (Inmmol/I) -32(6) c
Systolic BP (centred at 140 mmHg; per 20 mmHg) c -20(6)
On antihypertensive treatment (ref: no) 127 (5) 93 (14)
Severe mental illness history (ref: no) 152 (6) 280 (31)
Prior type 1 diabetes (ref: no) 643 (45) 731 (78)

Previous CVD (ref: Ml only)

PAD only NA 66 (19)
Stroke only NA 124 (37)
Other CHD only NA 84 (17)

continued
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TABLE 9 Annual primary care costs (£) models: GLMs with Poisson distribution and identity link function (continued)

Participants without previous Participants with

Covariate CVD, mean (SE)? previous CVD, mean (SE)?

Two or more NA 221 (22)

Time-varying characteristics

Current age (centred at 60 years; per 10 years) 57 (2) 62 (7)
Incident Ml (ref: no) 194 (24) 231 (54)
Incident stroke (ref: no) 362 (56) 428 (82)

Incident CRV (ref: no)
Same year 391 (40) 233 (33)
> 1 year ago 69 (15) 10 (26)
Diabetes (ref: no)
< 10 years ago 360 (11) 343 (24)
> 10 years ago 560 (19) 568 (39)

Cancer (ref: no)

< 5years 357 (11) 236 (25)
> 5, < 10 years 159 (13) 123 (28)
> 10 years ago 77 (6) e
VD (ref: no) -95(30) -16(91)
NVD (ref: no) 389 (37) 198 (65)
Interactions
Any incident Ml and same year CRV (ref: no) -226 (47) c
Any incident Ml and same year VD (ref: no) c -500 (109)
Any incident stroke and same year VD (ref: no) -277 (86) -439 (133)
< 5years cancer and same year NVD (ref: no) -245 (47) c

NA, not applicable for participants without previous CVD.

a The interpretation and use of model coefficients are as for any linear regression model. The intercept represents the
annual cost for an individual in the reference categories of all covariates. All other coefficients represent the additional
annual costs for an individual in the respective category compared with the reference category.

b Other ethnicity includes Chinese, mixed, white and Black Caribbean, white and Black African, white and Asian, any
other mixed background and other ethnic group.

¢ Covariate or interaction term excluded during the selection procedure (not statistically significant).

d Other CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive heart disease, angina
pectoris, other acute ischaemic heart disease, chronic ischaemic heart disease, pulmonary heart disease and other form
of heart disease.

e Same as the preceding temporal category.

Note

Costs in years with administrative censoring at end-of-study follow-up were adjusted by including a further covariate of
proportion of year not observed (not shown).

Reproduced with permission from Zhou et al.** This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: https:/creativecommons.org/licenses/
by/4.0/. The table includes minor additions and formatting changes to the original table.
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TABLE 10 Annual hospital care costs models: two-part models (part 1: logistic regression model; part 2: GLM with Poisson
distribution and identity link function)

Participants without previous CVD Participant with previous CVD

Part 1: likelihood Part 2: cost (£), Part 1: likelihood Part 2: cost (£),

of incurring cost, if any incurred, of incurring cost, if any incurred,
Covariate OR (95% CI) mean(SE)? OR (95% CI)? mean(SE)?

Intercept 0.13(0.13t0 0.13) 2102 (23) 0.19 (0.18 t0 0.21) 2326 (119)
Baseline characteristics
Male (ref: female) 0.92(0.91 to 0.93) -65(14) 0.87 (0.84 to 0.89) -125 (54)

Ethnicity (ref: white)

Black 1.04 (1 to 1.08) -117 (68) 1.06 (0.97 to 1.16) -412(128)
South Asian 1.14 (1.1 to 1.18) -168 (48) 1.21(1.12t0 1.31) -426(102)
Others® 1.03 (1 to 1.06) -165 (49) 1.09 (1.01 to 1.19) -246 (145)

Townsend socioeconomic deprivation quintile (ref: quintile 3)

1 (least deprived) 0.95 (0.94 to 0.96) -81(20) 0.91(0.89 to 0.94) c
2 0.99 (0.98 to 1.01) -55(22) 0.95(0.92 to 0.99) c
4 1.07 (1.05 to 1.08) 24 (27) 1.06 (1.02 to 1.1) c
5 1.17 (1.15 to 1.19) 94 (27) 1.15(1.11 t0 1.19) ¢

Smoking (ref: never)
Ex-smoker 1.11(1.1to 1.12) 40 (15) 1.06 (1.04 to 1.09) 8 (45)
Current smoker 1.2 (1.18 to 1.22) 183 (24) 1.13(1.09 to 1.17) 276 (85)

Physical activity level (ref: moderate)

Low 1.1 (1.09 to 1.12) 110 (23) 1.25(1.21to 1.29) 415 (74)

High 1.07 (1.05 to 1.08) -12(16) 1.04 (1.02 to 1.07) -13(46)

Missing 1.14 (1.13 to 1.16) 72 (20) 1.17(1.13t0 1.2) 156 (51)
(LjJnh)eaIthy diet (ref: healthy 1.06 (1.05 to 1.07) c 1.06 (1.04 to 1.09) c

iet

BMI (kg/m?) (ref: = 18.5, < 25)

<18.5 1.13(1.06 to 1.2) 298 (169) 1.43 (1.23 to 1.66) 1007 (796)
> 25,<30 1.12(1.11to0 1.13) 68 (16) 1.04 (1.01 to 1.07) 16 (50)
>30,< 35 1.24 (1.23 to 1.26) 239 (20) 1.14(1.1t0 1.17) 177 (58)
> 35, <40 1.36 (1.33 to 1.39) 451 (35) 1.21(1.16 to 1.27) 381 (87)
> 40 1.51 (1.46 to 1.56) 649 (66) 1.34 (1.26 to 1.42) 840 (178)

LDL-C (centred at 3.6 mmol/l; 0.97 (0.96 to 0.97) -36(8) ¢ c

per 1 mmol/I)

Natural logarithm of HDL-C 0.86 (0.84 to 0.88) c < c

(Inmmol/I)

Natural logarithm of 0.98 (0.98 to 0.99) c 1.02 (1.01 to 1.04) 107 (24)

creatinine centred at 4.4; per

0.2 Inumol/I

continued
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Poisson distribution and identity link function) (continued)

Covariate

Systolic BP (centred at 140
mmHg; per 20 mmHg)

Diastolic BP (centred at 80
mmHg; per 10 mmHg)

On antihypertensive
treatment (ref: no)

Severe mental illness history
(ref: no)

Prior type 1 diabetes (ref: no)
Previous CVD (ref: Ml only)
PAD only
Stroke only
Other CHD only¢
Two or more
Time-varying characteristics

Current age (centred at 60
years; per 10 years)

Incident Ml (ref: no)

Same year

1 year ago

2 years ago

> 3 years ago
Incident stroke (ref: no)

Same year

1 year ago

2 years ago

> 3 years ago
Incident CRV (ref: no)

Same year

1 year ago

2 years ago

> 3 years ago
Diabetes (ref: no)

< 10 years ago

> 10 years ago

Participants without previous CVD

Part 1: likelihood
of incurring cost,
OR (95% CI)?
0.93(0.93 to 0.94)
1.02 (1.01 to 1.02)
1.14 (1.13 to 1.16)

1.43(1.41 to 1.45)

1.83(1.74 to 1.93)
NA
NA

NA
NA

1.38 (1.37 to 1.39)

47.09 (38.69 to 57.32)

1.76 (1.59 to 1.95)
1.44 (1.29 to 1.61)
1.35(1.22 to 1.49)

47.08 (41.91 to 52.9)

2.58(2.39 to 2.8)
1.78 (1.62 to 1.95)
1.49 (1.37 to 1.61)

f

1.66 (1.53 to 1.81)
1.51(1.37 to 1.65)
1.32(1.22t0 1.43)

1.36 (1.33 to 1.39)
1.2 (1.16 to 1.23)

Part 2: cost (£),
if any incurred,
mean(SE)?

141 (20)

193 (25)

702 (119)

NA
NA
NA
NA

173(9)

3054 (167)
670 (153)
304 (117)

e

4485 (142)
2192 (296)
833(137)

e

5186 (114)
137 (82)

e

e

274 (35)
158 (51)

TABLE 10 Annual hospital care costs models: two-part models (part 1: logistic regression model; part 2: GLM with

Participant with previous CVD

Part 1: likelihood
of incurring cost,
OR (95% CI)

0.95(0.94 to 0.96)

1.11 (1.09 to 1.14)

1.39 (1.34 to 1.43)

1.69 (1.58 to 1.82)
1.19 (1.12 to 1.27)
1.11(1.04 to 1.19)

1.27 (1.2 to 1.34)
1.43 (1.35 to 1.52)

1.25(1.23 to 1.27)

47.33(33.93 to 66.02)

1.71(1.52t0 1.92)
1.28 (1.17 to 1.41)

e

46.65 (36.98 to 58.85)

2.19 (1.96 to 2.46)
1.52(1.38 to 1.67)

e

f

1.54 (1.41 to 1.68)
1.32(1.23 to 1.41)

e

1.36 (1.32 to 1.41)
1.22(1.17 to 1.28)

Part 2: cost (£),
if any incurred,
mean(SE)?

227 (66)

792 (148)

498 (122)
113(118)
105 (106)
381 (114)

121 (31)

3965 (241)
1011 (303)
696 (171)

e

4591 (208)
1561 (260)

e

e

5117 (146)
599 (192)
4(110)

e

408 (80)

e
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TABLE 10 Annual hospital care costs models: two-part models (part 1: logistic regression model; part 2: GLM with
Poisson distribution and identity link function) (continued)

Participants without previous CVD Participant with previous CVD

Part 1: likelihood Part 2: cost (£), Part 1: likelihood Part 2: cost (£),

of incurring cost, if any incurred, of incurring cost, if any incurred,
Covariate OR (95% CI) mean(SE)? OR (95% CI)? mean(SE)?

Cancer (ref: no)

Same year 40.92 (39.33 t0 42.58) 5380 (56) 24.59 (22.17 to 27.27) 5160 (150)
1 year ago 6.04 (5.87 to 6.21) 4620 (86) 3.81(3.55 to 4.08) 3475 (181)
2 years ago 3.03(2.94 to 3.12) 2332 (88) 2.39 (2.23 t0 2.56) 1863 (172)
3 years ago 2.46 (2.38 to 2.54) 1899 (89) 2.09 (1.95 to 2.25) 1601 (176)
4 years ago 2.23(2.16 to 2.31) 1502 (86) 1.92 (1.79 to 2.07) 947 (75)
> 5 years ago 1.69 (1.66 to 1.72) 1159 (38) 1.6 (1.54 to 1.65) e
VD (ref: no) 2.32(2.03 to 2.64) 4318 (491) 2.38 (2.07 to 2.74) 4749 (420)
NVD (ref: no) 11.4 (10.69 to 12.16) 6792 (145) 9.1(7.97 to 10.38) 6412 (260)

Event interactions

Same year Ml and same f -3848 (227) f -3358 (364)
year CRV (ref: no)

Same year Ml and same 0.03 (0.02 to 0.04) -4694 (670) 0.02 (0.01 to 0.03) -4874 (722)
year VD (ref: no)

Same year stroke and same  0.22 (0.16 to 0.32) -4171 (685) 0.09 (0.06 to 0.14) -4308 (691)
year VD (ref: no)

Same year cancer and same  0.35 (0.26 to 0.47) -1725 (291) 0.37 (0.21 to 0.66) -1529 (617)
year NVD (ref: no)

NA, not applicable for participants without previous CVD.

a The intercept terms represent the corresponding values for an individual in the reference categories of covariates
(odds for part 1 model and cost for part 2 model); other coefficients represent the added effect for that category of the
covariate compared with the reference category (odds ratio for part 1 model and additional cost for part 2 model).

b Other ethnicity includes Chinese, mixed, white and Black Caribbean, white and Black African, white and Asian, any
other mixed background and other ethnic group.

¢ Covariate was excluded during the selection procedure (not statistically significant).

d Other CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive heart disease, angina
pectoris, other acute ischaemic heart disease, chronic ischaemic heart disease, pulmonary heart disease and other form
of heart disease.

e Same as the preceding temporal category.

f Incurring cost is certain in annual periods with CRV.

Note

Costs in years with administrative censoring at end-of-study follow-up were adjusted by including a further covariate of

proportion of year not observed (not shown).

To predict the annual costs using the two-part model, please follow the following steps:

1. Predict the odds of incurring any costs in the year (OddSp1) from the first part:
Oddspy = exp(ln(lntercept)-i-zz (ln(ORi)*X,»);
2. predict the annual costs assuming such were incurred in the year (Costpy) from the second part:

Costpy = Intercept + "7 (Mean;*X;);
3. calculate the predicted annual costs using this formula:

Odds,1 /(Oddsp1)*Costyy,

where X; is the value of the i*" covariate (excluding the intercept term).

Reproduced with permission from Zhou et al.** This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/
by/4.0/. The table includes minor additions and formatting changes to the original table.
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Chapter 5 Modelling health-related quality
of life associated with cardiovascular disease
events

Aims and objectives

Cardiovascular disease can have a significant impact on an individual's HRQoL.**> To estimate this
impact, we developed a regression model to predict an individual's HRQoL based on their age, sex,
socioeconomic status, BMI, smoking status, and history of CVD and other diseases. Our goal was to
integrate this QoL model into the CVD microsimulation model to provide annual QoL prediction for
individuals in the model.

Methods

Health Survey for England

The QoL model was developed using data from the HSE in 2006, 2011 and 2017. The HSE is an annual
cross-sectional survey designed to monitor the national health. In addition to core questions, the HSE
includes yearly questionnaires on different topics. In 2006, 2011 and 2017 the survey included both
the EuroQol-5 Dimensions (EQ-5D) questionnaire and the detailed CVD questionnaire. The EQ-5D
guestionnaire measures participants’ generic HRQoL and the CVD questionnaire queries their first and
latest experiences of different CVD events.

Missing data

We aligned the specification of participants’ baseline characteristics and disease event histories with
those in the CVD microsimulation model to ensure compatibility. The dependent variable, the ED-5D
Qol utility index, was derived from the five scores of the five-dimension EQ-5D questionnaire, which
measures mobility, self-care, usual activities, pain and anxiety. The EQ-5D-3L questionnaire was
administered in HSE 2006 and 2011, with QoL utility values ranging from - 0.594 for the worst health
state to 1 for full health, where O represents a health state equivalent to death and higher values
indicate better QoL.%¢ In HSE 2017, the EQ-5D-5L questionnaire was used with a similar QoL utility
range after mapping the 5L value set to the 3L values.*” The independent variables included age, sex,
ethnicity, socioeconomic deprivation [indicated by the Index of Multiple Deprivation (IMD)], BMI,
current smoking status, treated hypertension, mental iliness, cancer, diabetes, Ml in last 12 months,
stroke in last 12 months, CRV in last 12 months, any angina, MI that happened more than 1 year ago,
stroke that happened more than 1 year ago, and CRV that happened more than 1 year ago.

Apart from the EQ-5D (10% missing) and BMI (16.5% missing), only small proportions of missing
values were observed for other participant characteristics. Based on the assumption of missing

at random, multiple imputation was used to impute missing data while estimating the QoL model.

The R package ‘mice’ was used, which imputes multivariate missing data based on fully conditional
specification, where each incomplete variable is imputed by a separate model.*® All covariates included
in the QoL model were included in the imputation models. The dependent variable, the EQ-5D utility
index, was continuous and skewed, with lower and upper bounds. An ordered logit model has been
shown more appropriate for imputing missing dimensions of the EQ-5D questionnaire data,* and

was thus used in the present study. For other missing variables, logistic regression was used for binary
variables, multinomial logit for ethnicity, and ordered logit for BMI category. Twenty imputations and
100 iterations for each imputation were performed. Following imputation, the EQ-5D utility index
was calculated.
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Quality-of-life regression model

An ordinary linear regression is a popular choice for modelling EQ-5D utility, as it allows the estimation
of direct QoL decrements associated with individual characteristics and disease events, and there is no
convincing evidence that other estimators are clearly superior. A linear regression model was estimated
for QoL utility following multiple imputation of missing data. Owing to the non-linear effect of age on
EQ-5D utility, age splines with a knot at 70 years were used. In a sensitivity analysis, the QoL model
coefficients remained similar following the exclusion of participants aged < 40 years. Further checks did
not indicate important interactions between recent Ml and CRV events or between CVD histories and
recent events.

Results

There were 24,231 participants included in the QoL model estimation (Table 11). The average EQ-5D
utility across study population was 0.83 (SD 0.24). Participants’ mean age was 54 years; 55% were
women; 91% were of white ethnicity; 20% were current smokers; and 68% were overweight or obese.
Among the study participants, 19% had treated hypertension, 7.6% had diabetes, 5.2% had long-term
mental illness and 2.4% had a history of cancer. Additionally, 2.3% were diagnosed with angina; 1.3%
with Ml more than 1 year ago without other CVDs; 1.7% with stroke more than 1 year ago without
other CVDs; 2% with more than 1 CVDs. 1.9% had received CRV more than 1 year ago. Ml, stroke and
CRV events that had occurred in the last 12 months were rare, accounting for 0.4%, 0.5% and 0.2% of
participants, respectively.

Table 12 presents the results of the QoL regression model. Previous experiences of CVD events were
associated with lower QoL. Ml was associated with 0.10 (95% CI 0.03 to 0.16) lower QoL in the year
of the event and 0.07 (0.04 to 0.10) lower QoL in the following years. Stroke was associated with 0.09
(0.04 to 0.13) lower QoL in the year of the event and 0.13 (0.11 to 0.16) lower QoL in subsequent
years. On the other hand, CRV was associated with higher QoL of 0.04 (0.02 to 0.07) in years following
the procedure. Diabetes was associated with 0.04 (0.03 to 0.06) lower QoL in the first 10 years from
diagnosis and 0.08 (0.06 to 0.10) lower QoL in the following years. Cancer affecting daily activities was
associated with 0.13 (0.11 to 0.14) lower QoL. Mental illness was associated with 0.26 (0.24 to 0.27)
lower QolL.

Summary of findings

We developed a QoL model using data from HSE 2006, 2011 and 2017, after aligning the definitions of
covariates and model specification with characteristics in the CVD microsimulation model. This allowed
the QoL model to be integrated into the CVD microsimulation model and used to estimate QALYs during
model simulation.

It is worth noting that although the estimate of the cancer-related utility decrement was 0.13, the
incident cancer’s contribution in the CVD microsimulation model was revised to 0.03. The main reason
is that the HSE only recorded cancer affecting daily life, whereas the incident cancer in the CVD
microsimulation model included any cancer except non-melanoma skin cancer. For example, in the
2011 HSE questionnaire, the related question was ‘do you have any long-standing illness, disability or
infirmity? By long-standing | mean anything that has troubled you over a period of time, or that is likely
to affect you over a period of time?’. Further cross-tabulating the reported cancer with the follow-up
question, ‘does this illness or disability/do any of these illnesses or disabilities limit your activities in any
way’, more than 60% of participants reporting a cancer history reported limited activities due to the
illness in all the 2006, 2011 and 2017 surveys of HSE. However, the percentages of limited activities
associated with cancer reported in other studies ranged between 10% and 50%.°0->2 This indicated that
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TABLE 11 Characteristics of participants in HSE in 2006, 2011 and 2017

Characteristic n (%)/mean (SD) (N = 24,231 participants)

EQ-5D utility 0.83(0.24)
Missing 2436 (10%)
Age, years 53.9 (15.2)
Male 10,822 (44.7%)
Ethnicity
White 21,907 (90.7%)
Black 584 (2.4%)
South Asian 1102 (4.6%)
Others 550 (2.3%)
Missing 88 (0.4%)
Deprivation
IMD 1 5214 (21.5%)
IMD 2 5390 (22.2%)
IMD 3 5033 (20.8%)
IMD 4 4544 (18.8%)
IMD 5 (most deprived) 4050 (16.7%)
BMI category (kg/m?)
<185 166 (0.8%)
18.5-25 6222 (30.8%)
25-30 8046 (39.8%)
30-35 3869 (19.1%)
35-40 1351 (6.7%)
> 40 573 (2.8%)
Missing 4004 (16.5%)
Smoking status
Current smoker 4929 (20.4%)
Ex-smoker 9283 (38.4%)
Missing 65 (0.3%)

Treatment of hypertension

4695 (19.4%)

Missing 24 (0.1%)
Mental illness 1254 (5.2%)

Missing 8 (0.0%)
Cancer 588 (2.4%)

Missing 8 (0.0%)
Diabetes history

Diabetes < 10 years 1204 (5.0%)

continued
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TABLE 11 Characteristics of participants in HSE in 2006, 2011 and 2017 (continued)

Characteristic n (%)/mean (SD) (N = 24,231 participants)

Diabetes > 10 years 617 (2.6%)
Missing 54 (0.2%)
CVD history
Angina only (ever) 564 (2.3%)
Ml only > 1 year 318 (1.3%)
Stroke only = 1 year 421 (1.7%)
Two or more conditions 483 (2.0%)
Missing 21 (0.1%)
CRV 2 1 year ago 448 (1.9%)
Missing 15(0.1%)
MI < 12 months ago 85 (0.4%)
Missing 4 (0.0%)
Stroke < 12 months ago 114 (0.5%)
Missing 4 (0.0%)
CRV < 12 months ago 50 (0.2%)
Missing 5(0.0%)

TABLE 12 The HRQoL regression model

Coefficient (95% Cl)

Intercept 0.879 (0.869 to 0.889)
Age spline 1 (< 70 years)? -0.028 (-0.031 to -0.025)
Age spline 2 (= 70 years)? -0.057 (-0.067 to -0.048)
Male 0.034 (0.028 to 0.040)

Ethnicity (ref: white)

Black -0.002 (-0.022 to 0.018)
South Asian -0.026 (-0.041 to -0.011)
Others -0.016 (-0.036 to 0.004)

Deprivation quintiles (ref: IMD 3)

IMD 1 0.026 (0.017 to 0.035)
IMD 2 0.010 (0.001 to 0.019)
IMD 4 -0.019 (-0.029 to -0.010)
IMD 5 -0.055 (-0.065 to -0.045)

BMI categories (ref: 18.5-25kg/m?)
<18.5 -0.031 (-0.066 to 0.004)
25-30 -0.014 (-0.021 to -0.006)
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TABLE 12 The HRQoL regression model (continued)

Coefficient (95% Cl)

30-35
35-40
240
Current smoker

Ex-smoker

Treatment of hypertension

Mental illness
Cancer
Diabetes < 10 years
Diabetes > 10 years
CVD history
Angina only (ever)
Ml only = 1 year
Stroke only > 1 year
Two or more conditions
CRV 2 1 year ago
MI < 12 months ago
Stroke < 12 months ago
CRV < 12 months ago

-0.039 (-0.049 to -0.03)

-0.086 (-0.101 to -0.071)
-0.128 (-0.152 to -0.105)
-0.057 (-0.066 to -0.049)
-0.021 (-0.028 to -0.014)
-0.026 (-0.034 to -0.017)
-0.267 (-0.281 to -0.253)
-0.128 (-0.147 to -0.109)
-0.043 (-0.059 to -0.028)
-0.085 (-0.105 to -0.065)

-0.118 (-0.14 to -0.096)
-0.071 (-0.100 to -0.042)
-0.129 (-0.155 to -0.104)
-0.187 (-0.212 to -0.162)
0.041 (0.014 to 0.067)
-0.101 (-0.164 to -0.038)
-0.087 (-0.136 to -0.039)
0.025 (-0.051 to 0.102)

a Impact of age on QoL is predicted as follows: when age < 70 years, QoL = age spline 1 x (age - 60)/10; when age = 70

years, QoL = age spline 1 + age spline 2 x [(age - 60)/10 - 1].

the estimate based on HSE data is likely to overstate the impact of any previous cancer on Qol, and a
cancer-related utility decrement of 0.03, informed by the literature,>®-> was used, instead.
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Chapter 6 Cost-effectiveness of statin
therapies for people 40-70 years old in the UK

Aims and objectives

Our aim was to assess the net health effects and cost-effectiveness of lifetime statin therapy of different
intensity in the contemporary UK population from the perspective of the UK NHS.

To achieve this, we used the CVD microsimulation policy model with integrated healthcare costs and
QoL models to project CVD disease progression, QolL-adjusted life expectancy, and healthcare costs
with and without statin treatment.

Methods

The cardiovascular disease microsimulation policy model

The CVD microsimulation policy model (see Chapter 3) with integrated primary care and hospital
inpatient care cost models (see Chapter 4) and QoL model (see Chapter 5) informed the assessment of
the cost-effectiveness of statin therapy. The model was used to project event risks, survival, primary and
hospital care costs and QoL and to summarise life years, QALYs and healthcare costs over individuals’
remaining lifetimes (i.e. until death or 110 years of age) without and with statin treatment, and to assess
the cost-effectiveness of statin therapies in categories of individuals.

Health-related quality of life

We estimated the HRQoL associated with participant characteristics, disease histories and events by
employing a linear regression model using data from the HSE conducted in 2006, 2011 and 2017 (see
Chapter 5), which measured participants’ QoL using the EQ-5D questionnaire. We valued participants’
QoL using UK valuations of QoL utility.*¢#” The estimated QoL model was then integrated into the CVD
model to forecast individuals’ QoL in each year in the model.

Effects and costs of statin therapy

Table 13 presents the effects and costs of statin therapy used in the analyses. We evaluated the effects
of standard statin therapy (achieving 35-45% reduction in LDL-C) and higher-intensity statin therapy
(achieving = 45% LDL-C reduction) (see Table 1) compared with no statin treatment. The absolute
reduction in LDL-C was calculated based on the proportional reduction achieved by the statin regimen
and the individual’s pre-treatment LDL-C level. Reductions in cardiovascular event risks with statin
regimens were calculated based on the absolute reduction in LDL-C with the particular statin regimen
and the relative reduction of cardiovascular event risks per 1 mmol/l LDL-C reduction with statin
therapy, reported by the CTTC IPD meta-analysis of randomised trials of statin therapy.®> The analyses
took into account the excess rates of new-onset diabetes,'>*®* myopathy and rhabdomyolysisé® reported
with statin therapy (see Table 13).

Cost of statin treatment included the cost of generic statin medication* and the costs of consultations®”
and blood lipid tests®? for the initiation and monitoring of statin prescribing in the NHS (see Table 13).

Study population

UK Biobank individual participants’ characteristics at entry into the study informed the analyses of
statin cost-effectiveness in people 40-70 years old. We report results in categories of participants by
history of CVD, sex, age, untreated LDL-C level, and, for those without previous CVD at entry, by their
estimated 10-year CVD risk, calculated using the QRISKS risk score.?
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TABLE 13 Statin treatment effects and statin treatment costs in the cost-effectiveness analyses

Item

Effects of statin therapy on cardiovascular events per
1-mmol/l reduction in LDL-C, RR (95% Cl)

e Mi

e Stroke
e CRV

e VD

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

With standard statin therapy compared with no statin
treatment

With higher-intensity statin therapy compared with
standard statin therapy

Myopathy

Excess per 100,000 person-years on statin therapy
(95% Cl)

Occurrence of myopathy is associated with reduction
in QoL over 30 days’ recovery period. Statin treat-
ment is stopped

Rhabdomyolysis

Excess per 100,000 person-years on statin therapy
(95% Cl)

Case fatality

Reduction in QoL

LDL-C reductions with statin therapy:

With standard statin therapy (e.g. atorvastatin
20mg/day, rosuvastatin 5-10mg/day or simvastatin
40-80mg/day)

With higher-intensity statin therapy (e.g. atorvastatin
40-80mg/day, rosuvastatin 20-80mg/day)

Statin therapy costs (£)

Standard statin therapy (e.g. atorvastatin 20 mg/day,
rosuvastatin 5-10 mg/day or simvastatin 40-80 mg/day)

Higher-intensity statin therapy (e.g. atorvastatin
40-80mg/day, rosuvastatin 20-40 mg/day)

Statin initiation and monitoring healthcare costs (£)
e Inyear of initiation (a doctor and a nurse consulta-

tions; tests of blood lipids, HbA1c, thyroid function)

e In subsequent years: a nurse consultation and a
blood lipids test (for people with previous CVD)

Value

0.76 (0.73 to 0.79)
0.84 (0.80 to 0.89)
0.75(0.73 to 0.78)
0.88 (0.85 to 0.91)

1.09 (1.02 to 1.17)

1.12 (1.04 to 1.22)

11 (4 to 27)

0.017 QALY reduction in year

3.4 (1.6t0 6.5)

10%

50% over 7.5 days hospital
admission and by 20% for further
30 days recovery

37-43%; 43% used in base-case

48-58%; 55% used in base-case

£14.09-19.57 per year; £14.35
used in base-case

£15.91-27.91 per year; £21.91
used in base-case

£54.65

£12.05

Source

CTTC IPD meta-analysis®

Meta-analyses of ran-
domised controlled trials*?

Meta-analyses of ran-
domised controlled trials*®

Overview of cohort
studies®®

Modelling study®*

Overview of cohort
studies®®

Overview of cohort
studies®®

Modelling study**

Meta-analysis of ran-
domised controlled trials?’

Meta-analysis of ran-
domised controlled trials?”

NHS drug tariff, December
2021

NHS drug tariff, December
2021

Unit Costs of Health
and Social Care;* NHS
reference costs®?

Unit Costs of Health
and Social Care;®” NHS
reference costs®?

OR, odds ratio.
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Cost-effectiveness analyses

Base-case analysis

The cost-effectiveness of lifetime statin therapy was evaluated from the perspective of the UK NHS.
The following assumptions were made: (1) the reduction in LDL-C levels with specific statin regimen
corresponded to the average proportional reduction achieved with that regimen and the pre-treatment
LDL-C level, (2) the relative effects of statin therapy on event risks were similar in categories of
participants and remained unchanged over the duration of therapy, (3) disease events did not differ

in severity irrespective of treatment regimen and (4) statin therapy did not affect the risks of cancer

or other nonvascular events®® (except the risk of incident diabetes, myopathy and rhabdomyolysis as
the adverse events), nor cause any discomfort or disutility beyond the CVD events and adverse events
previously specified.

For each individual, we ran 500 microsimulations to address the first-order uncertainty. We
reported the gained life-years and QALYs, additional statin and healthcare costs, and incremental
costs per QALY for standard and higher-intensity statin therapy. The analysis followed the NICE
manual for health technology evaluations with future life-years, QALYs and costs discounted at
3.5% per year.¢*

Assessment of parameter uncertainty

We summarised parameter uncertainty using 500 and 1000 sets of parameter values, including
uncertainty in statin effects on event risks, risk equations, QoL and healthcare costs, for participants
without and participants with previous CVD history, respectively. Values for treatment effects were
sampled from log-normal distributions based on the relative risk reductions with statin therapy

(see Table 13). Bootstrapping was used to derive the values for (1) the parameters of the events risk
equations and of the healthcare cost equations from the UKB study population and (2) the parameters
of the QoL equation from the HSE participants’ data. Cost-effectiveness acceptability curves and
probability of cost-effectiveness at willingness-to-pay thresholds of £20,000 and £10,000 per QALY
were reported.

Sensitivity and scenario analyses

We varied key parameters in sensitivity analyses. First, we assumed the relative risk reductions

of cardiovascular events with statin therapy to increase annually, as suggested by Mendelian
randomisation studies,®> with a further 1.5% proportional reduction per 1 mmol/I reduction in

LDL-C each year following the first 5 years of treatment. In another scenario analysis, we assumed

the base-case relative risk reduction to decline by 10% annually from year 6 onwards. Second, we
applied smaller relative risk reductions in cardiovascular events per 1 mmol/lI LDL-C after 75 years of
age, informed from data only among people aged > 75 years in the IPD meta-analysis.® Third, we ran
scenario analyses with small detrimental or beneficial statin effect on incident cancer, informed by the
95% Cl limits reported in an IPD meta-analysis of randomised statin trials.®® Fourth, we implemented

a scenario analysis that assessed statin cost-effectiveness under real-world compliance with statin
therapy over time, derived from routine UK data,®® with statin effects and costs discontinued with
therapy discontinuation. Fifth, we included analyses with hypothetical extra disutility associated with
statin treatment equal to 0.001 or 0.002 each year.®’ In further sensitivity analyses, we reduced the
effects of cardiovascular events or diabetes adverse effects on QoL by 50% and used discount rates of
1.5% instead of 3.5% per year. We also presented results of a scenario analysis in which only healthcare
costs for CVD and incident diabetes were included and a sensitivity analysis with higher costs of
statin therapy.

Further details of the methods of cost-effectiveness analyses are available in Appendix 6, including
further details of the sensitivity and scenario analyses (see Appendix 6, Tables 30 and 31).
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and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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Results

Categories of people 40-70 years old

Table 14 presents the number of UKB participants in categories. Participants who were identified to
have a lower risk of CVD were predominantly women, younger, and with lower LDL-C levels. There were
no men aged 60-70 years with a 10-year CVD risk of < 5%. A small number of men and women aged
40-49 years with a 10-year CVD risk > 15% were grouped together with those with a 10-year CVD risk
of 10-15% in the corresponding categories by LDL-C for the presentation of results.

TABLE 14 Number of UKB participants, by pre-treatment LDL-C sex, age, previous CVD and CVD risk

Without CVD, by 10-year CVD risk (QRISK3, %)

Sex, age (years) <5 5-10 10-15 With CVD

Pre-treatment LDL-C (mmol/l): < 3.4

48

Men
40-49 13,497 4037 711 2392 2282 939
50-59 2281 9055 4759 1847 1622 2263
60-70 0 1535 6073 6513 9113 6218
Women
40-49 32,831 986 1462 602 1192 1430
50-59 18,843 6707 1025 308° 366° 1868
60-70 1522 9822 5742 1994 1589 2956
Pre-treatment LDL-C (mmol/l): = 3.4, < 4.1
Men
40-49 10,436 5629 1099 3322 2892 853
50-59 1255 9445 7190 3079 2408 2317
60-70 0 908 5919 8003 14,028 6607
Women
40-49 17,285 1214 1782 592 86? 827
50-59 17,471 11,228 1980 540 4542 2109
60-70 1304 14,829 11,580 4693 3039 4298
Pre-treatment LDL-C (mmol/l): = 4.1
Men
40-49 5623 5310 1605 645 660 1006
50-59 4232 5790 6616 4044 5005 3581
60-70 0 260 2891 5634 18,960 9950
Women
40-49 6943 1247 2952 1282 2142 557
50-59 10,022 12,220 3574 1280 1300 2645
60-70 568 12,079 14,068 8507 9135 6854

a Participant category with < 500 participants.

Note

Categories of participants 40-49 years old with estimated 10-year CVD risk = 10% were combined for the presentation

of results.
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Base-case cost-effectiveness of statin therapy in categories of 40-70 years old

In participant categories defined by age, sex, previous CVD and 10-year CVD risk, standard statin
therapy (20 mg of atorvastatin daily) was projected to increase individual QALYs (undiscounted) by
0.20-1.09, and higher-intensity statin therapy (80 mg of atorvastatin daily) by a further 0.03-0.20
QALYs (see Figure 8). Across population categories, standard statin therapy compared with no statin
therapy had an incremental cost per QALY ranging from £280 to £8530, with higher-intensity statin
therapy realising additional QALYs compared with standard statin therapy at an incremental cost per
QALY ranging from £2610 to £47,640 (see Figure 9 and Appendix 7, Table 32). At a £20,000-per-QALY
threshold, it was certain that either standard or higher-intensity statin therapy was cost-effective (see
Appendix 7, Table 32). Higher-intensity statin therapy had the higher probability of being cost-effective in
most participant categories and standard statin therapy was most likely to be cost-effective in categories
of younger participants with lower LDL-C and/or lower CVD risk levels (see Figure 10). The probability
that either standard or higher-intensity statin therapy was cost-effective remained above 80% at the
£10,000-per-QALY threshold across all participant categories, with higher-intensity statin therapy
having higher probability of being cost-effective at higher CVD risk and/or higher LDL-C levels (see
Figure 10 and Appendix 7, Table 32).

Sensitivity analyses of statin cost-effectiveness in categories of 40-70 years old

Sensitivity analyses found robust cost-effectiveness results across most categories of participants,
except for the participants who were younger and had low 10-year CVD risk (Table 15). For these
participants, the cost-effectiveness results were moderately impacted by the following hypothetical
assumptions: (1) declining treatment effect after 5 years on statin treatment; (2) hypothetical increase
in cancer incidence risk with statin treatment; (3) increased cost of statin medication and (4) extra QoL
disutility with statin treatment = 0.002 per year.

Summary of findings

This study evaluated the cost-effectiveness of statin therapy in categories of men and women aged
40-70 years in the UK, based on their CVD risk and pre-treatment LDL-C levels. We report that lifetime
standard statin therapy increased QoL adjusted survival in all categories studied and, at current UK cost
of generic statin therapy, was highly cost-effective. Higher-intensity statin therapy was also found to be
cost-effective in many categories with higher CVD risk or higher pre-treatment LDL-C levels. Sensitivity
analyses confirmed the robustness of the results. The study highlights the need to improve statin uptake
among eligible people and consider widening statin eligibility to optimise the benefits from statin
therapy in the population.

Report Supplementary Material 1 includes the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022) Checklist.

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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0S

LDL-C (mmol/I)

<34 3.4-4.1 241
Without CVD, by 10-year CVD risk (%) With Without CVD, by 10-year CVD risk (%) With Without CVD, by 10-year CVD risk (%) With

Men <5 5-10 10-15 15-20 =20 CVD <5 5-10 10-15 15-20 =20 CVD <5 5-10 10-15 15-20 =20 CVD

Standard statin vs. no statin

40-49| 0.28 0.32 0.40 0.38 0.43 0.46 0.58 0.52 0.65 0.74 1.09 0.78

50-59| 0.25 0.26 0.28 0.32 0.39 0.33 0.38 0.40 042 0.46 0.54 0.43 0.55 0.60 0.67 0.76 1.09 0.60

60-70| NA 0.22 0.24 0.26 0.31 0.28 NA 0.34 0.37 0.39 0.45 0.36 NA 0.50 0.55 0.60 0.83 0.46

Higher-intensity vs. standard stati

40-49( 0.04 0.04 0.06 0.07 0.07 0.07 0.09 0.10 0.11 0.12 0.20 0.15

50-59| 0.04 0.04 0.04 0.05 0.08 0.06 0.07 0.07 0.06 0.07 0.10 0.08 0.10 0.10 0.11 0.13 0.20 0.11

60-701 NA 0.04 0.04 0.04 0.06 0.05 NA 0.06 0.06 0.07 0.08 0.07 NA 0.10 0.10 0.10 0.15 0.08
Women

Standard statin vs. no statin

40-49| 0.21 0.25 0.28 0.35 0.32 0.35 0.44 0.45 0.49 0.61 0.89 0.59

50-59| 0.22 0.24 0.26 0.30 0.32 0.33 0.32 0.34 0.37 041 0.45 041 0.48 0.54 0.65 0.77 0.99 0.52

60-70( 0.20 0.22 0.23 0.26 0.28 0.30 0.30 0.31 0.34 0.36 0.40 0.37 043 0.47 0.53 0.60 0.78 0.45

Higher-intensity vs. standard stati

40-49( 0.03 0.03 0.06 0.07 0.05 0.04 0.08 0.09 0.08 0.09 0.17 0.11

50-59( 0.04 0.03 0.04 0.06 0.08 0.06 0.06 0.05 0.05 0.07 0.10 0.08 0.08 0.09 0.11 0.13 0.20 0.09

60-70| 0.04 0.04 0.04 0.04 0.06 0.06 0.06 0.05 0.06 0.06 0.08 0.07 0.08 0.09 0.09 0.10 0.15 0.08

FIGURE 8 Undiscounted QALYs gained with lifetime statin therapy in categories by sex, age, CVD risk and pre-treatment LDL-C level. NA, not applicable (no UKB participants in this

category).
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FIGURE 9 Incremental cost per QALY gained (£/QALY gained) with lifetime statin therapy in categories by sex, age, CVD risk and pre-treatment LDL-C level. ICER, incremental cost-
effectiveness ratio with costs and QALYs discounted at 3.5% per year; NA, not applicable (no UKB participants in this category).
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LDL-C (mmol/1)

<34

Without CVD, by 10-year CVD risk (%)
Men <5 5-10 10-15 15-20 =20

0.69
0.87

0.62
0.68 0.65

With
CvD

34-4.1
Without CVD, by 10-year CVD risk (%) With
<5 5-10 10-15 15-20 =20 CVvD

(0X:]0) 0.77
0.94 (UK ]

0.99

0.77 0.65
0.98 0.91

LDL-C (mmol/I)
<34 34-4.1
Without CVD, by 10-year CVD risk (%) With Without CVD, by 10-year CVD risk (%) With
Men <5 5-10 10-15 15-20 220  CVD <5 5-10 10-15 15-20 220 CVD
40-49| 096 | 089 0.52
50-59 | 0.93 | 084 | 077 | 055 0.54 063
60-70| NA | 068 [ 061 0.88
Women
40-49| 082 | 099 0.95 0.68 0.98 | 0.96 0.83
50-59 | 1.00 | 097 | 096 | 065 0.62 089 | 089 | 087 | 061
60-70| 0.94 | 092 | 088 | 0.80 0.55 Weel] 057 | 054 | 051

Intervention (probability cost-effective shown)
[] Nostatin

[[] Standard statin

. Higher-intensity statin

24.1
Without CVD, by 10-year CVD risk (%) With
<5 5-10 10-15 15-20 =20 CVD

24.1
Without CVD, by 10-year CVD risk (%) With
<5 5-10 10-15 15-20 =220 CVD

0.77 0.88
0.91 0.95

058

0.57 0.58

0.91 0.89

FIGURE 10 Probability of cost-effectiveness of lifetime statin therapy in categories by sex, age, CVD risk and pre-treatment LDL-C level. (a) At £20,000-per-QALY-gained threshold for

cost-effectiveness and (b) at £10,000-per-QALY-gained threshold for cost-effectiveness. NA, not applicable (no UKB participants in this category)
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TABLE 15 Sensitivity analyses for cost-effectiveness (£/QALY gained) of statin therapy

People without CVD

Standard statin vs. no statin therapy

Higher-intensity vs. standard statin therapy

Men, Women, Women, Men, Women, Women,
Sex, CVD risk Men, high moderate high moderate Men, high moderate high moderate
Age (years) 60-70 40-49 60-70 40-49 60-70 40-49 60-70
10-year CVD risk (%) 15-20 5-10 15-20 5-10 15-20 5-10 15-20
LDL-C (mmol/I) 24.1 <34 24.1 <34 241 <34 24.1
Base-case (£/QALY gained) 840 3420 1480 6560 3620 18,970 5800 47,640
Relative reduction in CVD events with statin therapy increas- 1300 2360 1640 4150 2750 7800 4320 12,370
ing annually (£)
Relative reduction in CVD events with statin therapy decreas- 1290 20,040 2800 42,850 12,480 -23,820° 24940 -22,690°
ing annually (£)
Relative reduction in CVD events with statin therapy reduced 1120 3790 1990 7410 5170 28,220 8370 135,170
in elderly (£)
RR in incident cancer with statin therapy of 0.96 (£) 390 2120 1090 4230 3590 18,360 5750 47,000
RR in incident cancer with statin therapy of 1.05 (£) 1790 9720 2230 18,340 3660 19,680 5850 49,190
Risk of NVD increased by 20% (£) 650 3420 1400 6700 3550 20,560 5840 57,920
Compliance with statin therapy as in routine care (£) 1260 4520 1920 7480 4800 33,030 7500 101,540
With QoL disutility of daily statin pill of 0.001/year (£) 910 4390 1610 9440 3630 19,010 5810 47,830
With QoL disutility of daily statin pill of 0.002/year (£) 980 6130 1770 16,790 3630 19,060 5820 48,020
QoL disutilities of CVD events reduced by 50% (£) 870 3550 1540 6990 3790 20,690 6150 59,350
QoL disutilities of CVD events increased by 50% (£) 820 3300 1430 6190 3470 17,520 5490 39,790
Qol disutilities of diabetes reduced by 50% (£) 830 3280 1450 6130 3360 13,760 5160 25,390
Discount rates for costs and outcomes at 1.5% per annum (£) 1420 3140 1910 5700 3710 13,500 5420 28,210
:E;:Iude only healthcare costs for CVD and incident diabetes (-400) 2120 190 4490 2260 17,040 4280 42,940

continued
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TABLE 15 Sensitivity analyses for cost-effectiveness (£/QALY gained) of statin therapy (continued)

People without CVD

Sex, CVD risk

Cost of statin x 1.5 (£)
Cost of statin x 2 (£)

Cost of statin x 5 (£)
People with previous CVD
Sex, CVD risk

Age (years)

LDL-C (mmol/I)
Base-case (£)

Relative reduction in CVD events with statin therapy increas-
ing annually (£)

Relative reduction in CVD events with statin therapy decreas-
ing annually (£)

Relative reduction in CVD events with statin therapy reduced
in elderly (£)

RR in incident cancer with statin therapy of 0.96 (£)
RR in incident cancer with statin therapy of 1.05 (£)
Risk of NVD increased by 20% (£)

Compliance with statin therapy as in routine care (£)
With QoL disutility of daily statin pill of 0.001/year (£)
With QoL disutility of daily statin pill of 0.002/year (£)

Standard statin vs. no statin therapy

Men, Women,
Men, high moderate high
1360 5010 2060
1890 6590 2640
5020 16,130 6120

Standard statin vs. no statin therapy

Men, very Men, Women,
high high very high
60-70 40-49

241 <34

280 3990 1730
1400 3420 2140
(-200) 11,080 2410
790 4020 2080
270 3270 1580
290 5260 2000
(-100) 3950 1530
900 4980 2450
300 4640 1900
320 5540 2090

Women,
moderate

8750
10,930
24,040

5000
9320
6540
7710
7950
10,470

Higher-intensity vs. standard statin therapy

Men, Women, Women,
Men, high moderate high moderate
5300 26,240 7680 63,090
6980 33,510 9570 78,530
17,050 77,140 20,900 171,210

Higher-intensity vs. standard statin therapy

Men, very Women, Women,
Men, high very high high
40-49
<34
2610 8650 5760 11,270
2630 5470 4330 6090
4000 -93,080° 15,120 -823410°
3790 9710 7440 13,710
2640 8610 5760 11,170
2570 8730 5770 11,430
2170 8840 5570 11,790
4240 10,830 8250 14,500
2610 8670 5780 11,290
2620 8690 5790 11,310
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TABLE 15 Sensitivity analyses for cost-effectiveness (£/QALY gained) of statin therapy (continued)

People without CVD

Sex, CVD risk

QoL disutilities of CVD events reduced by 50% (£)

QoL disutilities of CVD events increased by 50% (£)

QoL disutilities of diabetes reduced by 50% (£)

Discount rates for costs and outcomes at 1.5% per annum (£)

Include only healthcare costs for CVD and incident diabetes
(£)

Cost of statin x 1.5 (£)
Cost of statin x 2 (£)
Cost of statin x 5 (£)

Standard statin vs. no statin therapy Higher-intensity vs. standard statin therapy

Men, high
270

290

270

1480
(-2940)

710
1140
3730

Men,
moderate

4010
3970
3850
4080
1550

4990
6000
12,020

Women,
high

1770
1700
1670
2680
(-1700)

2350
2960
6660

Women,
moderate

6720
6130
6250
5640
3950

7800
9190
17,530

Men, high
2550
2670
2340
3800
(-1190)

3900
5190
12,950

Men,
moderate

8760
8550
7450
7990
5610

11,660
14,670
32,720

Women,
high

6040
5520
4950
6410
1530

7790
9810
21,950

Women,
moderate

12,050
10,580
9940
9380
8420

15,320
19,380
43,720

a Negative values indicate result due to decrease in QALYs.

Note
Negative values in brackets represent cost savings.
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Chapter 7 Cost-effectiveness of statin
therapies for older people in the UK

Aims and objectives

The use of statin therapy in older people has been more limited than in other patient categories®®¢?
despite increasing CVD risks with increasing age and the growing number and share of older people. In
particular, there is less definitive evidence of statin benefit among older people without previous CVD,?
and guidelines often fall short of making specific recommendations on the use of statins for primary
CVD prevention in older people and instead suggest patient-physician discussion about individual
patient circumstances.>7071

We set out to assess the lifetime net health effect and cost-effectiveness of statin treatment in older
people in the present-day UK using the UK CVD microsimulation model, together with the effects of
statin in older people reported by an IPD meta-analysis of large statin trials.’

Methods

Study population

We assessed the lifetime effectiveness and cost-effectiveness of statin therapy in categories of UK
adults = 70 years old in the UKB3! and the Whitehall 1132 studies by sex, previous CVD and pre-treatment
LDL-C levels. All UKB participants > 70 years old at recruitment into the study or at any subsequent
study resurvey were included in the present study from their earliest eligible attendance. All Whitehall 1l
participants > 70 years old at Phase 9 of the study were included in the present study.

Cardiovascular disease microsimulation model validation in older people

The development and assessment of the CVD microsimulation policy model have been reported

in Chapters 2 and 3 of this report and the healthcare costs and QoL models in Chapters 4 and 5,
respectively. Here, the model performance was further assessed among participants = 70 years old in
UKB and Whitehall 1l studies using their linked electronic death records, hospital admissions, primary
care records (UKB only) and cancer registrations to identify MI, strokes, CRV (UKB only), incident
diabetes (UKB only) and incident cancers and deaths during follow-up.

Cost-effectiveness of statin therapy in older people
The effects and costs of standard and higher-intensity statin therapy are described in Table 13 and
Chapter 6.

In the base-case analysis of cost-effectiveness of statin therapy in older people, we assumed that
similar rate ratio (RR) reductions in cardiovascular events per 1-mmol/I LDL-C reduction were achieved
independently of age at statin initiation as reported in the IPD meta-analysis.’ In a key scenario analysis,
we applied RR reductions in cardiovascular end points per 1 mmol/I LDL-C reduction with statin therapy
from age 75 years onwards, informed from data only among people > 75 years of age in that meta-
analysis. Finally, to further explore the limited randomised evidence in older people without previous
CVD, we report a further scenario analysis employing the effect of statin therapy on the risk of major
vascular event per 1-mmol/l LDL-C reduction, as reported in this category of trial participants by the
CTTC (RR0.92,99% Cl 0.73 to 1.16)° for the risks of Ml and stroke of statin-treated individuals in

the model. In this scenario analysis, we also assumed that statin treatment did not affect risks of CRV
and VD.

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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COST-EFFECTIVENESS OF STATIN THERAPIES FOR OLDER PEOPLE IN THE UK

Our assessment of parameter uncertainty and the sensitivity analyses for statin cost-effectiveness

in older people followed the approach described in Chapter 6 and Appendix 6, Table 30, for people
40-70 years old. Further scenario analyses with doubled risk of NVD, with general QoL reduced by 0.1
and with both assumptions together, were executed to assess sensitivity to further reduced potential in
older people to benefit from preventive cardiovascular treatment.

Results

The baseline characteristics of participants > 70 years old identified from both UKB and Whitehall 1|
studies are presented in Table 16. There were 15,019 (52% men; mean age 72.5 years) participants
without previous CVD and 5103 (66% men; mean age 72.9 years) with previous CVD. The derived
untreated mean LDL-C levels were 4.2 mmol/I (SD 0.78 mmol/l) and 4.3 mmol/I (SD 0.98 mmol/I)
among participants without and participants with previous CVD, respectively.

In model validation, the cumulative event rates predicted by the CVD microsimulation model, using the
baseline characteristics of participants > 70 years in UKB and Whitehall Il cohorts, corresponded well to
observed event rates (Figure 11).

In participant categories by sex, previous CVD and pre-treatment LDL-C level, in the base-case analysis
standard statin therapy was projected to increase individual QALYs (undiscounted) by 0.24-0.70,

and higher-intensity statin therapy by a further 0.04-0.13 QALYs (Table 17). Across these categories,
standard statin therapy compared with no statin had an incremental cost per QALY gained ranging from
£120 to £3500 and higher-intensity compared with standard statin therapy ranging from £2210 to
£11,780 (Table 18, and see Appendix 8, Table 33). In our key scenario analysis, the cost-effectiveness was
not materially affected if relative risk reductions of cardiovascular events were equal to those reported
only in the subgroup of participants > 75 years old, although the gains in QALYs were somewhat smaller
(0.15-0.48 with standard statin and 0.02-0.09 with higher-intensity statin across participant categories)
(see Tables 17 and 18). In the further scenario analysis using statin effects among older people without
previous CVD for risks of Ml and stroke and no statin effects on risks of CRV and VD, a smaller benefit
was projected with lifetime statin therapy, although standard statin therapy remained cost-effective in
participant categories by sex and level of pre-treatment LDL-C (see Tables 17 and 18).

The analyses of parameter uncertainty indicated that, in the base-case analysis, either standard or
higher-intensity statin therapy was certain to be cost-effective at willingness-to-pay thresholds as

low as £5000 per QALY (Figure 12, and see Appendix 8, Table 33). At a willingness-to-pay threshold of
£20,000 per QALY, higher-intensity statin therapy had the highest probability of being cost-effective
across all categories of men and women = 70 years old in the base-case cost-effectiveness analysis
(see Figure 12). At a cost-effectiveness threshold of £5000 per QALY, however, standard statin therapy
had the highest probability of being cost-effective among women with pre-treatment LDL-C lower
than 4.1 mmol/l and men with pre-treatment LDL-C lower than 3.4 mmol/I (see Figure 12). In the key
scenario analysis, although at the £20,000-per-QALY threshold higher-intensity statin therapy retained
the highest probability of being cost-effective, at £5000 per QALY standard statin therapy had the
highest probability of cost-effectiveness in most categories of older men and women (see Figure 12).

In the further scenario analysis among older people without previous CVD, at the £20,000-per-QALY
threshold, higher-intensity statin therapy had the highest probability of being cost-effective for men and
women with LDL-C = 3.4 mmol/I but standard statin therapy was most probably cost-effective at lower
LDL-C level (see Figure 12). In this scenario, at the £5000-per-QALY threshold, standard statin therapy
was cost-effective only for older men with LDL-C = 3.4 mmol/l and older women with LDL-C > 4.1
mmol/I. The analyses of parameter uncertainty indicated that in the key and further scenario analyses
standard or higher-intensity statin therapy remained more likely to be cost-effective than no statin
treatment across all patient categories at a willingness-to-pay threshold of £20,000 per QALY, but the
level of uncertainty was larger (see Figure 12 and Appendix 8, Table 34).
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TABLE 16 Baseline characteristics of participants aged = 70 years from both UKB and Whitehall Il studies

Participants without previous CVD Participants with previous CVD

Number of participants 15,019
Age, years 72.5(2.5)
Male sex 7838 (52%)
Ethnicity
White 14,686 (98%)
Black 55 (0%)
South Asian 166 (1%)
Other? 112 (1%)
Townsend socioeconomic deprivation quintile
1 (least deprived) 6370 (42%)
2 3066 (20%)
3 2879 (19%)
4 1774 (12%)
5 930 (6%)
Smoking status
Never 8523 (57%)
Ex-smoker 6034 (40%)
Current smoker 462 (3%)
Physical activity level
High 5257 (35%)
Moderate 5486 (37%)
Low 1806 (12%)
Missing 2470 (16%)
Unhealthy diet (including uncertain) 4363 (29%)
BMI (kg/m?) 27 (4.1)
<18.5 99 (1%)
18.5-25 5642 (38%)
25-30 6674 (44%)
30-35 2084 (14%)
35-40 422 (3%)
240 98 (1%)
LDL-C (mmol/I) 3.7 (0.65)
HDL-C (mmol/I) 1.7 (0.31)

On statin treatment 4289 (29%)

Derived untreated LDL-C (mmol/I)° 4.2 (0.78)

5103
72.9 (2.7)
3389 (66%)

4916 (96%)
13 (0%)
134 (3%)
40 (1%)

1926 (38%)

1005 (20%)

1123 (22%)
693 (14%)
356 (7%)

2486 (49%)
2444 (48%)
173 (3%)

1694 (33%)
1934 (38%)
688 (13%)
787 (15%)
1765 (35%)
27 (4.3)
24 (0%)
1478 (29%)
2380 (47%)
941 (18%)
222 (4%)
58 (1%)
3.2(0.74)
1.6 (0.32)
2979 (58%)
4.3(0.98)

continued
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TABLE 16 Baseline characteristics of participants aged > 70 years from both UKB and Whitehall Il studies (continued)

Participants without previous CVD Participants with previous CVD

Creatinine (umol/I) 78 (13) 84 (19)
Systolic BP (mmHg) 146 (18) 142 (19)
Diastolic BP (mmHg) 79 (10) 77 (11)
Treated hypertension 4076 (27%) 2631 (52%)
Prior diabetes 1154 (8%) 782 (15%)
Prior cancer 2040 (14%) 774 (15%)
Severe mental illness 1206 (8%) 452 (9%)

Previous CVD history

Ml only 103 (2%)
PAD only 380 (7%)
Other CHD¢ only 2910 (57%)
Stroke only 343 (7%)
Two or more of MI, PAD, other CHD or stroke 1367 (27%)

a Other ethnicity includes Chinese, mixed, white and Black Caribbean, white and Black African, white and Asian, any
other mixed background and other ethnic group.

b Adjusted for use of statin treatment at baseline by statin type and dose.

¢ Other CHD includes acute rheumatic fever, chronic rheumatic heart diseases, hypertensive heart disease, angina
pectoris, other acute ischaemic heart disease, chronic ischaemic heart disease, pulmonary heart disease and other form
of heart disease.

Note
Values are mean (SD) or n (%).

The cost-effectiveness results remained robust in a wide range of sensitivity analyses for the base-case
scenario analysis (Table 19) with higher sensitivity noted for higher-intensity statin at a price five times
higher. The results remained robust in the sensitivity analyses for the key scenario analysis, including
with further annual decline in RR reductions of cardiovascular events with statin therapy, although
higher sensitivity was noted for cost-effectiveness of higher-intensity statin in older women and in older
men with further declining risk reductions and lower pre-treatment LDL-C level at a price five times
higher (Table 20). The results were not materially different in scenario analyses with doubled risk of NVD,
with general QoL reduced by 0.1 and with both (results not shown).

Summary of findings

This assessment of the long-term effectiveness and cost-effectiveness of statin therapy in people

aged = 70 years in the UK used a validated CVD microsimulation model and the totality of randomised
evidence of effects of statin treatment effects in older people. It concluded that lifetime statin treatment
was likely to increase QoL adjusted survival in older men and women, irrespective of their CVD history
or level of LDL-C and, at the current UK cost of generic statins, was likely to be cost-effective for all
patient categories studied. Higher-intensity statin therapy was the strategy likely to bring the highest
health benefit cost-effectively, although standard statin regimens would also achieve most of the
benefit and were preferred in some scenarios and sensitivity analyses. These cost-effectiveness results
remained robust in sensitivity analyses, including those with somewhat smaller CVD risk reductions with
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TABLE 17 Undiscounted QALYs gained with lifetime statin therapy in older people

Further scenario
Base-case analysis Key scenario analysis analysis

Without CVD Without CVD Without CVD

LDL-C (mmol/l) <34 34-41 241 WithCVD <34 34-41 241 WithCVD <34 34-41 241

Standard statin vs. no statin
Men 0.25 041 0.70 0.33 0.17 0.28 048 0.26 0.07 0.12 0.20
Women 0.24 0.34 0.51 0.34 0.15 0.22 0.34 0.24 0.06 0.10 0.14
Higher-intensity vs. standard statin
Men 0.05 0.08 0.13 0.06 0.03 0.05 0.09 0.05 0.00 0.02 0.03
Women 0.04 0.07 0.10 0.06 0.02 0.04 0.06 0.04 0.00 0.01 0.02

TABLE 18 Incremental cost per QALY gained (£/QALY gained) with lifetime statin therapy in older people

Base-case analysis Key scenario analysis Further scenario analysis

Without CVD Without CVD Without CVD
With — With

LDL-C (mmol/l) <34 34-41 241 CVD <34 34-41 241 CVD <34 34-41 241

Standard statin vs. no statin
Men 2940 1760 1650 120 4120 2600 2150 2310 7870 4510 3060
Women 3500 2280 1780 1720 5050 3280 2590 3080 10,420 6140 4300
Higher-intensity vs. standard statin
Men 7430 4180 3180 2210 11,450 6360 4610 5220 89,550 18,350 9620
Women 11,780 5860 4950 5080 20,770 8940 7190 8360 2,088,81026,040 19,540

statin therapy in older individuals. It is noted that reductions of major CVD events with statin therapy
have not been independently established among older people without prior CVD in randomised clinical
trials and, therefore, the conclusions for cost-effectiveness may be less certain in this category.

Report Supplementary Material 1 includes the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022) Checklist.
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FIGURE 12 Probability that lifetime statin therapy is cost-effective in older people. (a) Men; and (b) women.
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TABLE 19 Sensitivity analyses for base-case cost-effectiveness (£/QALY gained) of statin therapy in older people

People without previous CVD

Higher-intensity vs. standard statin
Standard statin vs. no statin therapy therapy

Sex Women Women Women Women

LDL-C (mmol/I) b 4-41 241 34-41

Base-case 1650 1760 1780 2280 3180 4180 4950 5860

RR in incident cancer with statin therapy 1220 1050 1320 1530 3160 4140 4920 5820
of 0.96

RR in incident cancer with statin therapy 2380 3460 2640 4190 3200 4210 5010 5900
of 1.05

Compliance with statin therapy as in 2000 2130 2190 2740 4090 5320 6060 7400
routine care
With QoL disutility of daily statin pill of 1730 1900 1920 2570 3190 4180 4960 5870
0.001/year
With QoL disutility of daily statin pill of 1800 2060 2090 2950 3190 4190 4970 5880
0.002/year
With QoL disutility of daily statin pill of 2080 2770 2840 5290 3210 4210 4990 5910
0.005/year

Discount rates for costs and outcomes at 2240 2200 2080 2350 3640 4340 4830 5410
1.5% per annum

Include only healthcare costs for CVD and 30 230 470 1010 1440 2510 3470 4490
incident diabetes

Cost of statin x 1.5 1950 2280 2320 3090 4040 5660 6500 8090
Cost of statin x 2 2240 2800 2850 3910 4890 7150 8060 10,320
Cost of statin x 5 4000 5930 6050 8820 10,020 16,060 17,380 23,680

People with previous CVD

Higher-intensity
vs. standard statin
Standard statin vs. no statin therapy therapy

Men Women Men Women

Base-case 120 1720 2210 5080
RR in incident cancer with statin therapy of 0.96 100 1500 2250 5050
RR in incident cancer with statin therapy of 1.05 170 2110 2190 5080
Compliance with statin therapy as in routine care 940 2720 3560 6990
With QoL disutility of daily statin pill of 0.001/year 120 1900 2220 5100
With QoL disutility of daily statin pill of 0.002/year 140 2120 2220 5110
With QoL disutility of daily statin pill of 0.005/year 180 3230 2240 5140
Discount rates for costs and outcomes at 1.5% per annum 1240 2490 3330 5660
Include only healthcare costs for CVD and incident diabetes (-2910) (-1410) (-1220) 1370
Cost of statin x 1.5 620 2390 3610 7080
Cost of statin x 2 1120 3060 5010 9070
Cost of statin x 5 4110 7070 13,400 21,040
Note

Negative values in brackets represent cost savings.
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TABLE 20 Sensitivity analyses for cost-effectiveness (£/QALY gained) of statin therapy in older people: key scenario analysis

People without previous CVD

Standard statin vs. no statin Higher-intensity vs. standard statin
therapy therapy
Sex, CVD risk Men Men Women Women Men Men Women Women
LDL-C (mmol/I) 241 34-41 241 34-41 =241 34-41 241  34-41
Key scenario 2150 2600 2590 3280 4610 6360 7190 8940
Relative reduction in CVD events with statin 2230 3760 4580 7260 7520 14,560 20,720 31,280

therapy decreasing annually by 10% each year
from year 6 onwards

RR in incident cancer with statin therapy of 0.96 1490 1420 1790 1970 4570 6290 7130 8880
RR in incident cancer with statin therapy of 1.05 3440 6510 4410 8710 4650 6430 7260 8990
Compliance with statin therapy as in routine care 2580 3090 3140 3930 5760 7990 9160 11,640
With QoL disutility of daily statin pill of 0.001/year 2290 2910 2900 3970 4620 6370 7200 8950
With QoL disutility of daily statin pill of 0.002/year 2440 3290 3310 5000 4630 6380 7210 8970
With QoL disutility of daily statin pill of 0.005/year 3030 5450 5670 23,230 4650 6400 7250 9010

Discount rates for costs and outcomes at 1.5% per 2640 2890 2730 3130 4930 6270 6760 7960
annum

Include only healthcare costs for CVD and incident 510 1010 1210 1980 2740 4540 5590 7490
diabetes

Cost of statin x 1.5 2570 3350 3370 4520 5780 8510 9490 12,410
Cost of statin x 2 2980 4100 4150 5750 6950 10,660 11,800 15,880
Cost of statin x 5 5480 8600 8830 13,140 13,980 23,550 25,640 36,720

People with previous CVD

Standard statin vs. Higher-intensity vs.

no statin therapy standard statin therapy

Men Women Men Women
Key scenario 2310 3080 5220 8360
Relative reduction in CVD events with statin therapy decreasing annually by 2720 5180 8410 22,620
10% each year from year 6 onwards
RR in incident cancer with statin therapy of 0.96 1850 2540 5210 8310
RR in incident cancer with statin therapy of 1.05 3380 4210 5240 8380
Compliance with statin therapy as in routine care 3250 4480 7470 11,730
With QoL disutility of daily statin pill of 0.001/year 2530 3540 5240 8380
With QoL disutility of daily statin pill of 0.002/year 2790 4160 5250 8400
With QoL disutility of daily statin pill of 0.005/year 4070 8760 5280 8460
Discount rates for costs and outcomes at 1.5% per annum 3110 3590 6030 8580
Include only healthcare costs for CVD and incident diabetes (-910) (-90) 1460 4310
Cost of statin x 1.5 2930 4010 7050 11,470
Cost of statin x 2 3550 4940 8870 14,580
Cost of statin x 5 7270 10,530 19,810 33,230
Note

Negative values in brackets represent cost savings.
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Chapter 8 Web-based user interface of the
cardiovascular disease policy model

Aims and objectives

The CVD microsimulation policy model was developed using R. To facilitate model use by patients,
physicians, researchers and health policy-makers, we developed a user-friendly web-based interface
together with a user guide. The interface allows users to modify model inputs and adapt the model
for their needs. Patients can use this model to better understand their risk of CVDs and the projected
consequences with or without treatments; physicians can use this model to facilitate their clinical
decisions; and researchers and policy-makers can use this model to assess different CVD policies.

Interface development

The web-based user interface was developed using the R ShinyApps interface.”? The interface includes
the three sections, ‘introduction’, ‘model parameters’ and ‘run analyses’, which are described in the
following sections.

Introduction
The ‘introduction’ section is designed to facilitate the use of the interface. It includes the
following panels:

e Model overview - describes the model and cites the references so that users can understand the
functionality of the model and where to find further information of the model.

e Glossary - explains the terminology used in the interface.

e User guide and files - includes the user guide and examples of model inputs formatting to facilitate
the use of model.

Model parameters
This section is designed to help users input the necessary model inputs. It includes prefilled
default values.

To use the CVD microsimulation policy model, profiles are prepared for patients whose outcomes are
simulated, treatment scenarios with relevant treatment effects are specified, and the model is run using
the integrated model risk equations over a certain time horizon. Therefore, the ‘model parameters’
section includes the following panels:

e patient characteristics - to enter the profiles of a single patient or a group of patients

e treatment profiles - to enter treatment effects and costs

e cost inflation index - to allow users to modify the cost year (default healthcare costs in UK 2021
Great British pounds) by specifying an inflation index using 2021 as the reference year.

Model execution

The section ‘run analyses’ is designed to execute model analyses and report results. After the inputs are
filled in the ‘model parameters’ section, the user should use this section and click buttons to run the
analyses. This section includes the following panels:

e Base-case analysis - to run the base-case analysis, make predictions for patients under each
treatment scenario and summarise the incremental analysis across treatment scenarios.
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e Probabilistic analysis - provides an option for the user to specify the uncertainty ranges of some
inputs to facilitate the analysis of parameter uncertainty.

Figure 13 presents the first look of the ShinyApps. Details of the models can be accessed by visiting and
using the ShinyApps from this website (https:/livedataoxford.shinyapps.io/shiny_ctt_ukb_model/).

Model application

The CVD microsimulation model interface and user guide are available at https:/livedataoxford.
shinyapps.io/shiny_ctt_ukb_model/. The model interface enables users to project outcomes for particular
patient profiles. To illustrate its use, the model predicted a 39.3% lifetime cumulative incidence of a
vascular event (M, stroke, CRV or VD), 29.3 years’ further lifespan, and 24.5 QALYs over the lifetime of

a healthy 60-year-old man [of white ethnicity, in quintile 3 of socioeconomic deprivation, non-smoker,
with moderate physical activities, a healthy diet and normal BMI level (18.5-25kg/m?), a LDL-C of 3.6
mmol/Il, a HDL-C of 1 mmol/I, creatinine of 82 pumol/I, BP of 140/80 mmHg, HbA1c of 32 mmol/mol, not
on antihypertensive treatment, and without histories of severe mental illness, cancer or diabetes].

Summary
The CVD microsimulation policy model is a CVD decision-analytic cost-effectiveness model built in R.

Its ShinyApps interface facilitates the use of the model by a broader set of users interested in assessing
the long-term effectiveness and cost-effectiveness of CVD treatments and policies.

CVD Policy Model-UK

Model overview =

Introduction

Introduction

= Glossary
The CVD Policy Model-UK simulates long-term cardiovascular event rates, quality-of-
life adjusted survival and healthcare costs associated with individual patient profiles
and treatments. It can be applied to patient populations with or without previous
CVD, who are over 40 years of age. It can be used with individual patients as well as
Model parameters groups of patients.

B User guide and files

The default model reports long-term projections as well as cost-effectiveness results
; Patient characteristics of up to two treatment strategies comparing against the 'no treatment' strategy. The
evaluated health outcomes and costs are reported separately for each treatment arm.
The user can vary parameters to assess sensitivity of the results,

BoTreatment profiles

To perform the analysis, specify the required parameters using the three tabs under

'Model parameters' on the panel on the left and click on the 'Run analyses' button on
: is tab where applicable. Please refer to

- - . .
&> Cost inflation index stic analys

Run analyses

L4 Base case analysis

Citation

®aProbabilistic analysis

FIGURE 13 Screenshot of the ShinyApps interface showing the sections and the ‘model overview’ panel.
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Chapter 9 Discussion

Statement of principal contributions

Cardiovascular disease microsimulation policy model

A new UK CVD microsimulation policy model has been developed to predict an individual’s lifetime
risks of CVD and death. In addition to sociodemographic and clinical characteristics, the model
incorporates socioeconomic status and modifiable lifestyle factors (physical activity, diet quality and
BMI) and tracks medical history and comorbidities. It has shown good accuracy across various categories
of the UK population. Moreover, the model includes individualised predictions of HRQoL associated
with individuals’ characteristics and adverse events. A significant decrease in QoL during the year of
acute events, with partial recovery of QoL in subsequent years, except for stroke and longer diabetes
duration, is reported. The study also quantified the temporal impacts of cardiovascular events on UK
primary and hospital care costs, revealing substantial excess primary and hospital care costs during
the years with events compared with the years prior to event. However, although the excess hospital
care costs decreased substantially in the years following the event, the excess primary care costs
remained relatively stable. The model’s web interface includes all the features mentioned, providing
lifetime individual-level projections that can help inform economic assessments of the value of health
interventions to reduce CVD risk.”® The model could be particularly useful for a cost-effectiveness
assessment of CVD prevention treatments such as lipid- or BP-management therapies.

Statin cost-effectiveness findings

We conducted an assessment of the cost-effectiveness of statin therapy for men and women

aged 2 40 years in the UK, taking into account the contemporary CVD incidence and mortality and the
potential trade-offs between statin benefits and risks. We considered sex, age, previous CVD status

or estimated CVD risk, and pre-treatment LDL-C level, the key patient characteristics by which to
present our findings. Our findings show that lifetime statin therapy increased Qol-adjusted survival

and was highly cost-effective in all patient categories studied. Higher-intensity statin therapy was also
cost-effective in many categories of patients at higher CVD risk or higher LDL-C levels. These results
remained robust in sensitivity analyses and at lower cost-per-QALY-gained cost-effectiveness thresholds.

There is greater uncertainty about the value of statin treatment for people > 70 years old. A recent IPD
meta-analysis noted trends across age categories towards smaller proportional reductions in major
coronary events and VDs per 1.0-mmol/I reduction in LDL-C with statin therapy.®> Data were particularly
limited among participants > 75 years old without previous CVD, for whom there was no direct evidence
for statistically significant CVD risk reductions with statin therapy. In this study we included three
scenarios for size of statin effects in the cost-effectiveness assessment among older people. First,

we used the overall relative risk reductions in cardiovascular events per 1-mmol/I LDL-C reduction

with statin therapy. Second, we used the relative risk reductions in cardiovascular events only among
participants aged > 75 years at time of randomisation in trials.> Finally, we used even smaller relative
reduction in cardiovascular events per 1-mmol/I LDL-C reduction with statin therapy among older
people without previous CVD.> Despite smaller net health benefits in the later scenarios, statin therapy
remained cost-effective, with standard statin therapy preferred in the latest scenario, although the level
of uncertainty was substantially higher. Our findings contradict the observation in an earlier study of
cost-effectiveness of statin therapy for the primary prevention of CVD in people = 75 years old,”* in
which the authors reported that even a small hypothetical increase in a geriatric-specific adverse effect
(i.e. reducing QoL by 0.003-0.004) would offset the cardiovascular benefit of statin therapy. In this
study, we explicitly integrated the known small excesses of myopathy, rhabdomyolysis and increased
treatment intensity-dependent hazard of incident diabetes with statin treatment. In addition, the results
remained robust to further hypothetical statin-associated reductions in QoL up to 0.005 per year, as well
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as to lower effectiveness of statin treatment in older people, suggesting that the uncertainty in the value
of statin therapy for older people may be more limited than previously suggested.

Our research suggests that the entire UK population aged > 40 years would benefit from statin therapy
cost-effectively, including the 56% of those aged 40-70 years (or 14 million individuals), many of whom
have raised LDL-C levels, who are not currently recommended for statin therapy.”> Patients at only
moderately raised CVD risk who have higher LDL-C levels are likely to derive benefits comparable to

or exceeding those in patient categories currently treated. Our results could be particularly useful in
discussions between patients and doctors as part of shared decision-making. More efforts are needed
to ensure clear communication of the evidence to doctors, individual patients and populations groups,
and the efficient integration of statin treatment into the health care of a wider range of population
categories. While initiating statin treatment is cost-effective also in the presence of treatment
discontinuation, long-term persistence with statin therapy is crucial to maximise benefits.

Our findings present a dilemma for policy-makers faced with constrained resources. For example,

it is uncertain whether UK primary care has the resources to expand services at the same level of
per-person cost of initiating and monitoring statin treatment. Nonetheless, our findings are robust
to some increases in costs. For example, at current costs, the incremental cost per QALY gained with
statin treatment is much lower than the threshold of £20,000-30,000 per QALY gained used for
new treatments.%*

Strengths of the assessment

The key strengths of the study include the use of high-quality evidence and robust methodology. The
CVD microsimulation policy model was derived using large and rich IPD with substantial duration of
follow-up, enabling us to reliably model the disease risks, QolL-adjusted survival and healthcare costs
of individuals over time using their characteristics at entry. The model integrated the underlying risk
of incident diabetes, which enabled us to project the excess diabetes risk with statin therapy and its
consequences, as well as the risk of incident cancer, the largest competing risk affecting HRQoL and
survival of individuals, in parallel with any benefits from CVD risk reductions. The ability to report
results for distinct categories of actual person profiles and fully assess parameter uncertainty is a
further strength.

This cost-effectiveness study of statin therapy has key further advantages over previous studies. Effects
of statin therapies were informed by an individual participant meta-analysis of all large statin trials.

It improves on the CVD decision-analytic modelling informing the current NICE guideline of statin
treatment to reduce CVD risk®® by using recent IPD and integrating all known adverse effects of statin
therapy. Recently, Kohli-Lynch et al.”¢ reported population-level cost-effectiveness results in Scotland,
using recent population data, at different thresholds of CVD risk, CVD risk and LDL level, and age.

The present study instead reports detailed results in distinct UK population categories and for both
standard and higher-intensity statin regimens, directly informing decision-makers’ trade-offs at different
cost-effectiveness thresholds and presenting compelling evidence that, at currently stated thresholds,
initiating statin therapy could be considered good value for money for all UK adults > 40 years old.

This study improves on the 10-year results reported by Greving et al.”” by extending the time horizon

to a person'’s lifetime and reaches different conclusions about the cost-effectiveness of statin therapy.
In general, the results over a limited time horizon, despite avoiding the assumptions needed for
extrapolation, result in a downwards bias of the estimated benefits and cost-effectiveness of preventive
treatments that reduce disease risks and should be discouraged. Recent US cost-effectiveness

analyses of statin therapy, although based on older data, also reported evidence for broader statin
cost-effectiveness in adults, largely irrespective of level of CVD risk, but sensitive to level of possible
‘disutility’ of taking a daily statin pill.*787? Our analysis suggests that this sensitivity is likely to be
relevant only among people at lower CVD risk or with lower LDL-C levels.
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Limitations of the assessment
The study has several limitations.

First, while we explicitly modelled the effects of evolving cancer and diabetes risks, further morbidities
likely to accumulate in older age, together with the need for co-medication, were beyond the scope

of the current project. While the increasing hazard of NVD captures some of these effects, and the
scenario analyses (e.g. higher cancer risk with statin therapy, further QoL disutilities) provide assurance
that these are unlikely to materially affect statins’ value, further work to assess the implications of
multimorbidity and polypharmacy will be helpful.

Second, the risk equations used in our framework were derived and validated in population cohorts,
such as UKB and Whitehall I, which may limit the generalisability of our findings due to the potential
presence of a healthier volunteer effect. The under-representation of ethnic minority groups in these
cohorts is a further limitation. However, the individual equations include a broad range of characteristics
to account for the effects of lifestyle, socioeconomic and clinical factors, enabling us to extend findings
to populations with varying distributions of these characteristics. Nevertheless, some selection bias may
persist, and scenario analyses are employed to further check for the impact of this on study findings.

Third, in the analytical framework we modelled the first occurrences only of the disease events of
interest. While subsequent disease events from same type were not explicitly modelled, the use of the
same population data to model risks of further events, in particular vascular and NVD risks, would have
also accounted for the impacts of subsequent events (as both risk factors and first occurrences of events
contribute to subsequent risks of events as well as deaths).

Fourth, a significant limitation of our cost-effectiveness results is the currently limited direct evidence
for the effects of statins in older people without previous CVD and the absence of randomised data on
the long-term effects of statin therapy. Nonetheless, we found that our results were not highly sensitive
to hypothesised lower efficacy in sensitivity analyses. While ongoing large, randomised trials in older
primary prevention populations will improve the evidence, our findings’ general robustness to variations
in key parameters suggests that delaying statin treatment for millions of older people while awaiting new
evidence is not justified.

Fifth, our analytical framework was developed and assessments were performed for individuals aged
> 40 years, so we are unable to provide information on the effects of initiating statin treatment on
younger individuals.

Finally, developing a new CVD model using contemporary population data was motivated by the need
to reflect current disease risks in view of decreasing cardiovascular mortality and incidence over recent
decades. While the findings in this report are likely to describe well the current disease risks, further
changes in disease risks will necessitate an update of the model framework. The approach taken in the
present study could be helpful in calibrating the reported risk equations with new population data.

Equality, diversity and inclusion
Participant representation

Reflect on the important population characteristics for your study. What active

steps were taken to optimise participation of relevant people?

This study aimed to provide an effectiveness and cost-effectiveness assessment of statin treatment in
people = 40 years old in the general UK population. With this focus, we used the data from participants
(= 100,000) in the trials included in the CTTC to inform the treatments’ effect as well as an initial
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estimation of disease risks and disease progression, and we used the data from participants (aged
40-70, = 500,000) in the UKB to further inform the disease progression and healthcare costs, and used
data from the HSE (nationally representative) to inform the QoL assessment. As we do not exclude
specific populations from the analysis, all types of people were included in our research. As the UKB
participants could be healthier than the general UK population, we also checked our projections using
follow-up data on participants in the Whitehall 1l study, a cohort of British civil servants. We present
results across categories by age, sex, CVD history or CVD risk and LDL-C level that are more relevant to
the corresponding categories in the general UK population.

Was the participant population inclusive? If not, an explanation should be

provided as to what prevented this or any improvements that could be made for

future study designs

We believe that the participant population is reasonably inclusive and can answer the question relevant
to general UK population. However, we relied on available IPD from UK cohorts. We acknowledge

an under-representation of minority ethnic groups in UKB. Future studies could consider including
further population data to better represent the UK general population, such as the UK Clinical Practice
Research Datalink databases, despite there being more limited data on participant characteristics in
these data sets.

If applicable, provide comments on how gaps in prior evidence/data were

identified and how were these addressed during the project. Did this research

uncover any gaps in knowledge/data during the project; how could this be

addressed in future research?

As noted in the 2014 NICE guideline ‘Lipid modification: cardiovascular risk assessment and the
modification of blood lipids for the primary and secondary prevention of cardiovascular disease’® the
prior economic evidence is limited in its methodological ability to predict the impact of statin treatment
on an individual’s disease risks over a lifetime. This prior evidence is also limited in its ability to project
Qol of and costs for individuals with different characteristics. We addressed these issues by using

the IPD from large statin trials to allow a reliable estimation of disease progression using adjudicated
outcomes in the trials; using a large population cohort to calibrate the disease models and inform the
healthcare costs; and using national population surveys to inform QoL assessment. Future research
should focus on estimating an even more detailed set of outcomes and using a broader population with
longer follow-up data to support the modelling.

How have you made sure text and pictures, used as part of participant and

public engagement, were inclusive and accessible and not discouraging to under-
represented groups?

Our public representatives’ members on the project management and oversight groups helped us
identify the key concern of the general public and helped us develop project outreach materials that
were clear and conveyed well the key message from the project to the general public. In particular, we
presented results across diverse patient categories and focused on clarity in our presentation, which
involved simplifying text and figures.

Reflections on your research team and wider involvement

Does your research team include those from groups who are generally under-

represented in your field of study? If not, please state why this is the case.

The research team was reasonably broad and included good representation of areas of expertise, gender
and national identities. Unfortunately, the team did not include representation of key minority ethnic
groups directly and instead we relied on discussing our findings more broadly, including with the Oxford
Population Health (OxPop) Public Advisory Panel to improve our coverage of broader and more diverse
views and opinions.
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Was there a range of experience and expertise across the research team? How

were development opportunities provided, particularly for more junior members

of the team?

Our research team included people with ranges of experiences and expertise, from a postdoctoral
researcher to senior postdoctoral researchers, associate professors and professors. They are from
different backgrounds, including health economists, epidemiologists, statisticians, a pharmacologist,
clinicians, and patient and public representatives. More junior researchers were well supervised,
benefited from advice from more experienced project members, and had a range of training
opportunities in specialist and general research skills and development.

Were participants and members of the public involved representative of the

disease and geographic areas? What role/s did they provide and how did they

benefit the project?

Three patient and public representatives were included in the study, and we also presented our work to
a broader public panel consisting of 13 individuals who represent the target population and geographic
areas affected by the disease. Their input was invaluable in improving the dissemination of the study
results and helping them understand the scientific work behind the messages sent to the public. They
were also the first group to learn about the results from our project, which provided them with the
opportunity to benefit from the project.

Patient and public involvement and engagement

We reported the patient and participant involvement following the structure of the GRIPP2 Short Form
(see Report Supplementary Material 1).8*

Aim

We aimed to include patient and public involvement representation throughout the project to make the
project more relevant to the patient group and the wider public and to facilitate the dissemination of
project results.

Methods

We involved two members of the public from the start of this project. The first member (PPI-A1) was
expected to be involved in all nine meetings of the project management group to discuss the progress of
the project every 3 or 4 months until the end of the project. The second member (PPI-B) was expected
to be involved in all the three meetings of the project oversight group to discuss the project’s progress
and emerging results yearly until the end of the project. In the last year of the project, we included a
further PPl member, PPI-A2, to replace PPI-A1 in the management group, as PPI-A1 stepped down due
to ill health. The PPl members had some direct experience with the statin intervention as well as some
indirect experience with CVD in relatives.

During the project, we held further separate meetings with our PPl members to discuss the study
methodology, model outline and, later, the emerging results and solicit their feedback on whether (1)
we included all important patient characteristics and outcomes; (2) we used language that is easily
understood by the patients and the public; and (3) the presentation of the emerging results was relevant
to the patients and the public. With their feedback, we modified the model and further developed

the dissemination slides of the results of the cost-effectiveness study presented to the OxPop Public
Advisory Panel, which included 13 patient and public representatives with diverse ages, ethnicities and
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backgrounds, for further feedback. At these meetings the final versions of the slides were formed for
further dissemination of the results to the general public.

Results

During the project management group meetings, PPI-A1 expressed concerns about the muscle side
effect of statin. During the Project Oversight Group meetings and in separate PPl meetings, PPI-B noted
that the models omitted some important individual factors, including lifestyle (e.g. physical activity

and diet quality) and mental health status. These outcomes and factors were subsequently captured

in the model development and in the cost-effectiveness analysis of statin therapy. PPl members

also appreciated model validation and that the model was able to predict rates of disease events
corresponding to observed rates in external data.

The separate meetings with our PPI representatives helped us to shape the slides for the presentation to
the OxPop Public Advisory Panel. We first presented our emerging results from a scientific researcher’s
perspective to PPI-B. With feedback from PPI-B and PPI-A2, we reduced the number of slides from 56
to 13, restricting the content to what would be relevant to and understandable by the patient group and
the general public. We modified our research messages into plain language, such as mentioning that the
LDL-C reduced by statin was the ‘bad’ cholesterol, while HDL-C was the ‘good’ cholesterol; referring to
level of health with respect to QALYs (e.g. 1 QALY = 1 year in good health); and using value-for-money
when referring to cost-effectiveness.

Patient and public involvement member A2 helped to make sure that we addressed all key questions and
considered how to enhance the project dissemination, including (1) what did we say we would do in the
protocol for this project?; (2) can we learn or use the ideas from similar projects?; (3) what are the key
messages from the project?; (4) who are the target audiences?; and (5) who are our partners and allies?

With these questions in mind, we refined the slides for the presentation to the OxPop Public Advisory
Panel to showcase the health benefits and value-for-money of statins in the present-day UK. The slides
focused on the main results that are expected to be of interest to a general audience.

The panel understood well the results indicating the benefits of statins and provided further helpful
comments to improve the presentation of results to the general public, such as a suggestion to present
statins’ benefits in different time frames as well as lifetime.

Discussion and reflections/critical perspective

Our PPI members provided important contributions to the study design and made an invaluable
contribution to disseminating the research results to the general public using language that can be easily
understood and to restrict the results to only those relevant to the general public.

Dissemination of the results of the study

We aimed to disseminate our findings to audiences with different backgrounds, including academia,
research community, trainees, policy-makers, people from the industry, patients and the general public.

Table 21 summarises the undertaken project dissemination activities.
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TABLE 21 Study dissemination activities

Date, format

13 November
2020, pres-
entation and
discussion

25-26
March 2021,
presentation

29 August 2021,
presentation

30 November
2021-3
December 2021,
presentation

30 November
2021-3
December 2021,
presentation

26-29 August
2022

November 2022

November 2022

December 2022

Audience

Academic and
professional

Academic,
research,
students, trainees

Academic,
research, trainees,
policy, industry

Policy, industry,
academic,
research, trainees

Policy, industry,
academic,
research, trainees

Academic,

research, trainees,

policy, industry

Patients, public

Patients, public

Policy-makers
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Event

Biomedical Research Centre
Oxford, University of Oxford

Nuffield Department of
Population Health 2021
Annual Symposium

ESC Congress 2021 The
Digital Experience

Virtual ISPOR Europe 2021

Virtual ISPOR Europe 2021

ESC Congress 2022

Wolfson Institute of
Population Health, QMUL

OxPop Public Advisory
Panel, Oxford

The NICE Guideline
development group
‘Cardiovascular disease: risk
assessment and reduction,
including lipid modification’

Title

Cardiovascular disease
models to inform policy
considerations

Estimating risk equations to
support a CVD policy model

A model of lifetime health
outcomes in CVD based on
clinical trials and large cohort
data

Calibrating CVD policy model
using large cohort data

Excess annual hospital

costs due to cardiovascular
events in a contemporary UK
population to inform health
technology assessments

Excess primary and secondary
care costs for CVD events
Benefit loss with early
stopping of statin
Cost-effectiveness of statins
in patient categories

Discuss emerging results from
the project

Discuss emerging results from
the project

Shared draft outputs from the
project

Content

Methodology:
CVD microsim-
ulation policy
model

Methodology:
risk equations

Methodology
and predictions:
calibrated CVD
microsimulation
policy model

Methodology:
model calibration

Methodology:
hospital costs
model

Main results

Emerging main
results

Emerging results

Emerging results
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Chapter 10 Conclusion

Implications for service provision

Using a UK CVD policy model, developed using large contemporary UK population data, and the
current best evidence for the beneficial and adverse effects of statin therapy, this study has shown
that lifetime statin therapy is highly cost-effective across all UK adults > 40 years old, suggesting that
both improvements in statin uptake and widening of statin eligibility need to be considered in addition
to monitoring the impact on statin uptake and adherence across population strata including hard-
to-reach groups.

The CVD microsimulation model, and healthcare costs and QoL models, developed in this project are
freely available to researchers, practitioners and policy-makers and could inform further strategies for
individualised CVD management.

Suggested research needs
The following areas for further research were identified during the project development:

1. The value of statin treatment for people at moderate CVD risk would decrease if there were further,
as yet unknown, adverse effects of statin therapy. The ongoing work of the CTTC has the potential
to importantly strengthen the evidence for the efficacy and safety of statin therapy.

2. Thereis no conclusive direct evidence of cardiovascular risk reductions with statin therapy among
participants > 75 years old without previous CVD. Two large, ongoing randomised trials in older
people, scheduled to complete in 2026, will add to the evidence.8?8

3. It has been also hypothesised that many people < 40 years of age are also likely to benefit; however,
data on the effects of statins in younger people, beyond the category of familial hypercholester-
olemia, are limited.

4. To provide a more definitive value assessment of statin treatment in younger and older categories of
the population, future decision-analytic models would require high-quality cohort data in younger
adults and people in their 80s and 90s, categories not typically well represented in research.

5. Inview of some evidence of a potentially more limited impact of key cardiovascular events, includ-
ing MI, on Qol, high-quality contemporary studies of the temporal impact of cardiovascular and
other disease events on HRQoL are also required to inform future economic analyses.

6. Further research into the implications of multimorbidity and polypharmacy for prioritising effective
preventive interventions in older people is likely to be informative.
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Appendix 1 Processing the UK Biobank study
data

Handling missing values in UK Biobank

Following the specification of participant characteristics, including those required for QRISK calculation,
several characteristics, such as ethnicity, smoking status/cigarettes per day, BMI (including height,
weight), total cholesterol, LDL-C, HDL-C, creatinine and BP measures, and Townsend score, had some
missing values (see Table 22). Missing ethnicities were imputed as white, the majority category. Missing
smoking statuses were imputed as the majority smoking status by sex, age category and education level.
Missing cigarettes per day were imputed as the majority category, that is 10-20. Missing Townsend
scores were imputed by regressing on IMD scores, years and sources (England, Wales or Scotland) if
IMD scores were available, and imputed by looking up an average Townsend score according to the
rounded Ordnance Survey co-ordinates if IMD scores were missing, or, finally, imputed by looking up an
average Townsend score for the areas of the participant UKB assessment centres if both IMD scores and
Ordnance Survey co-ordinates were missing. The remaining continuous variables with missing values
were imputed using multiple imputation by chained equations with 20 imputations and 10 iterations for
each using the package ‘mice’ in R, with weight, height, LDL-C, HDL-C, triglycerides, creatinine, systolic
BP (two measures) and diastolic BP (two measures), and with age, sex, (imputed) ethnicity, (imputed)
smoking status, baseline CVDs, treated hypertension, statin treatment status and diabetes added as
auxiliary variables. After imputation, participants’ QRISK3 scores were calculated using an external

R package.®*

The physical activity level is indicated by the International Physical Activity Questionnaire (IPAQ) activity
group, the UKB-derived variable based on Metabolic Equivalent Task (MET) scores and categorised
following the IPAQ guidelines into three levels:®

Low: no activity or not enough to meet moderate or high level.

Moderate: 3 or more days of vigorous-intensity activity of at least 20 minutes/day, or

Five or more days of moderate-intensity activity and/or walking of at least 30 minutes/day, or

Five or more days of any combination of walking, moderate or vigorous-intensity activities achieving a
minimum of at least 600 MET-minutes/week.

High: vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-minutes/week, or

Seven or more days of any combination of walking, moderate or vigorous-intensity activities achieving a
minimum of at least 3000 MET-minutes/week.

About 20% of the IPAQ values at entry into UKB were missing; these are used in analyses as a separate
category.

Daily diet is considered to be healthy if it meets at least four of the following seven components of food
frequency,®® and otherwise unhealthy:

e fruits: > 3 servings/day

e vegetables: > 3 servings/day

e fish: > 2 servings/week

e processed meats: < 1 serving/week

e unprocessed red meats: < 1.5 servings/week
e whole grains: = 3 servings/day

e refined grains: < 1.5 servings/day.

The 11,018 (2%) uncertain cases due to missing data in some categories of food intake were combined
with the unhealthy diet category, as an early model indicated similar associations.
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Derivation of 10-year cardiovascular risk using QRISKS3 for participants at entry into
the UK Biobank

Further to participant characteristics previously defined or derived from UKB, the following assumptions
were made. First, we assumed that all unspecified black ethnicity was Black Caribbean. Second, at the
entry into UKB (2006-10), few histories of CKD were coded as CKD stages 3-5 and many were coded
as unspecified CKD; the whole chronic renal failure category was used to mean ‘CKD stage 3-5’ for the
calculation of QRISKS3. Third, the categories of depressive episode and recurrent depressive disorder
were used to mean ‘moderate/severe depression’ required for the calculation of QRISK3, because many
were coded as unspecified depression in UKB. Fourth, we used history of heart disease of father, mother
and sibling to substitute angina or heart attack in a first-degree relative < 60 required in QRISK3, as this
is the most relevant information available in UKB. The code lists of medications for antihypertension,
erectile dysfunction treatment, regular steroid tablets and atypical antipsychotic treatment were
sourced from a published study using UKB data.?” Finally, for participants who were on statin treatment
at baseline, their estimated 10-year CVD risks were adjusted to the pre-treated level using their derived
pre-treated LDL-C levels (the derivation method is described in the following section), the proportional
LDL-C reduction of the statin regimen they were on at baseline and the treatment effect for this LDL-C
reduction, indicated by the RR of major vascular events per 1-mmol/I-LDL-C reduction with statin
therapy in CTTC meta-analysis.®

TABLE 22 QRISK3 parameter recoding and assumptions in UKB data

QRISK3 parameter Variable generation from UKB for calculating QRISK3 Missing
Sex Original UKB variable

Age Must be 25-84 years. All UKB participants are eligible at entry into UKB

Height (cm) Original UKB variable 3087
Weight (kg) Derived from BMI and weight 2757
Ethnicity 1. White or not stated: white, British, Irish, any other white background, prefer 2771

not to answer, do not know

2. Indian: Indian
3. Pakistani: Pakistani
4. Bangladeshi: Bangladeshi
5. Chinese: Chinese
6. Other Asian: Asian or Asian British, any other Asian background
7. Black Caribbean: Caribbean, black or Black British, any other black back-
ground
8. Black African: African
9. Others: mixed, other ethnic group, white and black Caribbean, white and
Black African, white and Asian, any other mixed background
Townsend score Original UKB variable 622
Smoking status 1. Non-smoker 2946
2. Ex-smoker
3. Light smoker: < 10 cigarettes/day
4. Moderate smoker: 10-19 cigarettes/day, or did not report
5. Heavy smoker: 20 + cigarettes/day
Diabetes type 1 UKB algorithm, ICD10: E10 Insulin-dependent diabetes mellitus, E14 Unspecified

diabetes mellitus (diagnosis age < 20 years)

Diabetes type 2 UKB algorithm, ICD10: E11 Non-insulin-dependent diabetes mellitus; E12
Malnutrition-related diabetes mellitus; E13 Other specified diabetes mellitus; E14
Unspecified diabetes mellitus (diagnosis age > 20 years)

Atrial fibrillation UKB algorithm, ICD10: 148 Atrial fibrillation and flutter
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TABLE 22 QRISK3 parameter recoding and assumptions in UKB data (continued)

QRISK3 parameter

Variable generation from UKB for calculating QRISK3 Missing

CKD (stage 3,4 or 5)

Rheumatoid arthritis

Migraine

Systemic lupus
erythematosus

Severe mental illness
(schizophrenia, bipolar
disorder and moderate/
severe depression)

Erectile dysfunction or
treatment

Angina or heart attack in a
first-degree relative < 60
years

Total cholesterol/HDL
Systolic BP

SD of systolic BP

BP treatment

Regular steroid tablets

Atypical antipsychotic
medication

ICD10: N18 Chronic renal failure

UKB algorithm, ICD10: MO5 Seropositive rheumatoid arthritis; M06 Other
rheumatoid arthritis

UKB algorithm, ICD10: G43 Migraine
UKB algorithm, ICD10: M32 Systemic lupus erythematosus

UKB algorithm, ICD10: F20 Schizophrenia; F23 Acute and transient psychotic
disorders; F31 Bipolar affective disorder; F32 Depressive episode; F33 Recurrent
depressive disorder

Combination of nurse interview medical conditions and medications data®

Including history of ‘heart disease’ of father, mother and siblings. There is no
information about whether the disease happened before 60 years old. Therefore,
there are two assumptions: (1) heart disease was angina or heart attack, and (2)
all the diseases happened under 60 years old

Total cholesterol/HDL 72,530
Mean, if there are two successive measures 1319
SD of two successive measures 1826

As defined in the main text
Used nurse interview medications data®®

Used nurse interview medications data®

ICD10, International Classification of Diseases 10th Revision.

Derivation of pre-treatment low-density lipoprotein cholesterol levels for statin-
treated UK Biobank participants

We adjusted upwards the LDL-C levels of UKB participants who were on statin treatment at entry into
UKB to derive ‘pre-treatment’ LDL-C levels using the potency of their statin regimen (see Table 1).

Statin dosage information was not collected at UKB baseline interview, but for participants with linked
primary care prescription records both type of statin and dosage were available. However, more than
half of the UKB participants did not have linked primary care data and, therefore, no linked primary care
prescription records. Additionally, there were some discrepancies between reported statin use at UKB
recruitment and available statin prescription records; in such cases a report of statin use in either source
was accepted, and, if more than one source was available, the more intensive regimen was used.

The statin treatment reports with an exact drug type and dosage were directly associated with the

proportional LDL-C reductions according to Table 1. The statin treatment reports with unknown dosage
were assumed to derive the average proportional LDL-C reduction according to weighted frequency of
statin regimens within the primary or secondary prevention populations with known statin regimens.

The pre-treatment LDL-C of statin-treated participants was calculated as:

LDL — Cpre—treatment = LDL — Centry/ (1 — %LDL — C reduction on statin treatment) (1)

Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

93






DOI: 10.3310/KDAP7034 Health Technology Assessment 2024 Vol. 28 No. 79

Appendix 2 Description of Whitehall Il study
data

hitehall Il is a cohort study of 10,308 participants aged 35-55 years at recruitment from the

British Civil Service in 1985, with periodic resurveys (called phases) of participants thereafter and
derived further participant health outcomes using linked routine hospital records, cancer registrations
and deaths data. The Whitehall Il study data include Phases 1-9 and 11 at present. Owing to attrition/
no response and deaths, the numbers of participants declined from 10,308 in Phase 1 (1985-8) to
6308 in Phase 11 (2012-4). During even-numbered phases, more limited baseline data were collected
and no biomarkers were measured. After weighing the data size and the length of follow-up, we used
all participants with Phase 9 data (2007-9) to validate the CTTC-derived and UKB-calibrated CVD
model. Definitions and specifications are the same as data preparation in the UKB cohort data. The
characteristics of Whitehall Il Phase 9 participants are summarised in Table 23.

TABLE 23 Characteristics of Whitehall || Phase 9 participants (N = 6761)

Without prior CVD (N = 4874) With prior CVD (N = 1887)

Characteristic Mean (SD) or n (%)
Age at entry at Phase 9 (years) 65.4 (5.8) 67.5(6.1)
Male 3439 (71%) 1320 (70%)
Female 1435 (29%) 567 (30%)
Ethnicity

White 4554 (93%) 1680 (89%)

South Asian 320 (7%) 207 (11%)

Smoking status

Non-smoker 2601 (53%) 919 (49%)
Ex-smoker 1911 (39%) 811 (43%)
Current smoker 362 (7%) 157 (8%)
BMI (kg/m?) 27 (4.4) 28 (4.7)
<185 49 (1%) 11 (1%)
18.5-25 1778 (36%) 523 (28%)
25-30 2080 (43%) 814 (43%)
30-35 757 (16%) 387 (21%)
35-40 162 (3%) 119 (6%)
> 40 48 (1%) 33 (2%)
LDL (mmol/1) 3.1(0.93) 2.8(0.93)
On statin 1255 (26%)
HDL (mmol/I) 1.6 (0.44) 1.6(0.43)
Creatinine (umol/I) 84 (20) 89 (30)
Systolic BP (mmHg) 126 (16) 126 (17)
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TABLE 23 Characteristics of Whitehall [l Phase 9 participants (N = 6761) (continued)

Without prior CVD (N = 4874) With prior CVD (N = 1887)
Characteristic Mean (SD) or n (%)

Diastolic BP (mmHg) 72 (10) 70 (10)
Baseline diabetes 667 (14%) 402 (21%)
Type 1 diabetes 3 (0%) 2 (0%)
Hypertension treatment 1404 (29%) 1111 (59%)
Baseline cancer 400 (8%) 161 (9%)

CVD history
Other CHD only 1242 (66%)
Ml only 97 (5%)
PAD only 90 (5%)
Stroke only 57 (3%)
Two or more 401 (21%)

Townsend score quintile

1 (least deprived) 0 (0%) 0 (0%)
2 358 (7%) 112 (6%)
3 3357 (69%) 1265 (67%)
4 1157 (24%) 509 (27%)
5 2 (0%) 1(0%)

Physical activity level

High 1832 (38%) 613 (32%)
Moderate 2829 (58%) 1138 (60%)
Low 119 (2%) 77 (4%)
Missing 94 (2%) 59 (3%)
Severe mental illness 87 (2%) 39 (2%)
Unhealthy diet (including uncertain) 3051 (63%) 1192 (63%)

Electronic death records, NHS hospital records and cancer registry entries were linked for Whitehall Il
participants and used to identify events during follow-up. The data were made available until particular
time points for different types of events. For incident CRVs and incident diabetes, only questionnaire
data were available as a result of unavailable linked healthcare data, so we did not validate the two

end points considering that the questionnaire data were unreliable. Among the participants in Phase

9, deaths have the longest follow-up periods, with an average of 11.7 years, followed by Ml and stroke
with an average of 9.9 years. The follow-up periods of cancers are shorter, with an average of 6.1 years.
The numbers of follow-up events for the older cohort are summarised in Table 24.

TABLE 24 Numbers of Whitehall Il participants experiencing events following Phase 9 resurvey

Mi Stroke Incident cancer VD NVD
Without CVD history 122 110 459 125 530
With CVD history 128 104 198 135 318
Total 250 214 657 260 848
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Appendix 3 Final, calibrated in UK Biobank
disease risk equations

Choice of parametric survival model specifications for event risk equations
After the specifications of calibrated risk equations were finalised, three types of parametric PH

models were fitted (exponential, Weibull and Gompertz) for each end point and their AIC and BIC were
compared (Table 25).

TABLE 25 Comparison of performance of parametric survival models

Distribution information

Exponential Weibull Gompertz

Level of prevention AIC Shape AIC AIC
Ml Primary 75,892 NA 75,885 1.039 75,887 0.013

Secondary 29,360 NA 29,357 1.022 29,359 0.015
Stroke Primary 69,860 NA 69,810 1.119 69,818 0.039

Secondary 26,133 NA 26,132 1.014 26,132 0.005
CRV Primary 57,057 NA 57,019 1.132 57,062 0.038

Secondary 31,009 NA 30,964 0.891 30,972 -0.042
VD Primary 27,137 NA 27,116 1.139 27,116 0.049

Secondary 17,735 NA 17,713 1.155 17,706 0.067
NVD Primary 108,167 NA 107,929 1.232 108,011 0.061

Secondary 29,247 NA 29,183 1.197 29,200 0.057
Cancer All 328,901 NA 328,901 1.005 328,895 -0.007
Diabetes All 71,964 NA 71,237 1.450 71,142 0.161
Note

For Weibull, shape > 1 indicates a rising hazard in time; for Gompertz, shape > O indicates a rising hazard in time.

First, we followed the AIC to initially identify best-fitting distributions (the smaller the AIC value, the
better). If the AIC statistic of selected specification was within five units of the AIC of exponential
distribution, then the exponential distribution was chosen initially.

Second, we listed the PH models with close AICs to be further checked. We plotted the predicted risks
against observed risks across full duration of follow-up in UKB (note that we did not use the latest

3 years of UKB data in model estimation/calibration, which was to allow the use of these 3 years of data
for temporal validation here). If the predictions did not correspond well to observed cumulative risks,
we tried the alternative PH model specifications. Table 26 lists the PH model specifications compared by
plotting the predicted against the observed risks and the choices made.
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TABLE 26 Comparison of projections from parametric survival models against observed event rates

Comparison of distributions using model simulated Better

vs. observed data performance
MI secondary prevention Exponential vs. Weibull Exponential
CRV secondary prevention Weibull vs. Gompertz Gompertz
VD primary prevention Weibull vs. Gompertz Gompertz
NVD primary prevention Weibull vs. Gompertz Weibull?
NVD secondary prevention Weibull vs. Gompertz Weibull?
Incident cancer Exponential vs. Weibull vs. Gompertz All similar®
Incident diabetes Weibull vs. Gompertz Gompertz®

a To be changed to Gompertz after checking lifetime risks.
b Use of Gompertz supported by cancer statistics.
¢ To be changed to Weibull after checking lifetime risks.

Third, we simulated risks over lifetime with the selected distributions after the above two steps, and
checked if the model predicted lifetime risks are plausible compared with population lifetable statistics
and epidemiological studies’ data.

We found that the lifetime risk of incident diabetes estimated using Gompertz distribution was
implausibly high, at about 50-80% across ages. Replacing Gompertz with Weibull distribution, the
second-best AIC statistic, produced a predicted lifetime risk of incident diabetes of around 20%, which
is consistent with NHANES (National Health and Nutrition Examination Survey) data for white ethnicity
in the USA.8 Weibull distribution was therefore chosen for the incident diabetes risk equation.

We also checked if the ratio of lifetime VD and NVD is plausible. We found a lifetime mortality cause
prediction model based on 1999 and 2014 US Underlying Cause of Death data, which predict around
40% deaths from vascular causes for people aged 40-70 years (https:/flowingdata.com/2016/01/19/
how-you-will-die/). Our lifetime simulation results using Gompertz distribution for VD and Weibull
distribution for NVD give the closest prediction in respect of the ratio.

Furthermore, we checked the life expectancy by age group predicted by the model using different
combinations of distributions for VD and NVD against the Office for National Statistics life expectancy
prediction and confirmed the choice of distributions for VD and NVD.

Additionally, incident cancer risk peaks at ages 85-89 years according to UK cancer statistics data, and
the Gompertz distribution for incident cancer captured well the decreasing risk in later years.

The final choice of distributions (shapes) is listed in Table 27 and the full risk equations are reported in
Table 28.
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TABLE 27 Final parametric survival models used in the CVD microsimulation model

Event Level of prevention Distribution
Ml Primary Weibull
Secondary Exponential
Stroke Primary Weibull
Secondary Exponential
CRV Primary Weibull
Secondary Gompertz
VD Primary Gompertz
Secondary Gompertz
NVD Primary Gompertz
Secondary Gompertz
Cancer All Gompertz
Diabetes All Weibull

TABLE 28 Parametric PHs risk equations

Ml and stroke

MI, HR (95% CI)

Stroke, HR (95% Cl)

Baseline variable

Male sex

Ethnicity (ref: white)
Black ethnicity
South Asian ethnicity

Other ethnicity

Townsend deprivation score quintile (ref: third quintile)

1

v AN

Smoking status (ref: non-smoker)
Ex-smoker
Current smoker

Unhealthy diet

Physical activity (ref: moderate)

Physical activity: low

Without CVD
history, Weibull

2.4 (1.95 to 2.95)

0.55 (0.4 to 0.77)

1.7 (1.43 to 2.03)
0.93(0.76 to 1.15)

1.14 (1.07 to 1.21)
2.28(2.12 to 2.45)
1.11(1.05to 1.17)

1.14 (1.05 to 1.23)

With CVD history, Without CVD

exponential

1.55(1.4t0 1.72)

0.72 (0.46 to 1.14)

1.64 (1.31 to 2.04)
0.92(0.67 to 1.27)

1.22(1.12 to 1.34)
2.15(1.92 to 2.42)

history, Weibull

1.09 (0.94 to 1.26)

0.91(0.83 to 0.99)
1.01(0.92to 1.12)
1.09 (0.98 to 1.2)

1.27 (1.15 to 1.41)

1.08 (1.01 to 1.15)
1.86 (1.71 to 2.02)
1.17 (1.1 to 1.24)

With CVD history,
exponential

1.01 (0.91 to 1.12)

0.8 (0.7 to 0.91)
1.01(0.87 to 1.16)
0.98 (0.85 to 1.14)
1.15(1 to 1.33)

1.03(0.93 to 1.13)
1.53(1.35 to 1.74)

1.25(1.11 to 1.42)
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

MI, HR (95% ClI)
Without CVD

With CVD history,

Stroke, HR (95% Cl)
Without CVD

With CVD history,

history, Weibull
Physical activity: high 1.06 (1 to 1.14)
Physical activity: missing 1.14 (1.06 to 1.23)

LDL-C (centred at 3.6 mmol/I)
per 1 mmol/I

1.56 (1.51 to 1.61)

Natural logarithm of HDL-C
(Inmmol/I)

0.32 (0.23 to 0.44)

On treatment for hypertension  1.53 (1.26 to 1.87)

Systolic BP (centred at 140
mmHg per 20 mmHg)

1.27 (1.16 to 1.38)

Natural logarithm of creatinine
(Inpmol/1)

BMI category (kg/m?) (ref: 18.5-25 healthy)
Underweight (< 18.5)
Overweight (25-30)
Obese | (30-35)
Obese Il (35-40)
Obese Il (= 40+)

Severe mental illness 1.25(1.13 to 1.37)

Type 1 diabetes at baseline 1.67 (1.31t0 2.12)

CVD history (ref: other CHD only)

Previous Ml only

History of a stroke only

History of peripheral artery
disease only

Two or more disease histories
Time-updating variables

Current age centred at 60 years 1.68 (1.61 to 1.75)

(per 10 years)

Incident MI (ref: none)
Any incident Ml

Incident stroke (ref: none)
Incident stroke in same year

Incident stroke in a previous
year

Incident CRV (ref: none)

Incident CRV in same year

exponential

1.19 (1.12 to 1.26)

0.58 (0.49 to 0.69)

1.3(1.18 to 1.42)
1.06 (1.02 to 1.11)

2.15(1.73 to 2.68)

1.54 (1.29 to 1.84)

1.51(1.33to 1.7)

0.85 (0.68 to 1.06)
0.89 (0.71 to 1.13)

1.77 (1.53 to 2.05)

1.34 (1.26 to 1.43)

0.7 (0.43 to 1.15)
1.61(1.22 to 2.14)

1.07 (0.8 to 1.42)

history, Weibull

0.71 (0.56 to 0.9)

1.39 (1.2 to 1.61)
1.31 (1.2 to 1.42)

1.66 (1.25 to 2.21)

2.05(1.32 to 3.18)
0.87 (0.76 to 1.01)
0.76 (0.63 to 0.92)
0.83(0.62 to 1.1)

0.72 (0.46 to 1.13)
1.26 (1.14 to 1.39)
1.56 (1.23 to 1.98)

1.91(1.74 to 2.09)

1.75 (1.3 to 2.38)

exponential
0.99 (0.88 to 1.12)
1.16 (1.03 to 1.3)

1.2 (1.15 to 1.25)

1.52(1.23 to 1.88)

1.27 (1.12 to 1.43)
1.75(1.43 to 2.15)

1.03(0.91 to 1.18)

2.01(1.67 to 2.42)
1.33(1.09 to 1.61)

1.72 (1.48 to 1.98)

1.59 (1.48 to 1.71)

1.5(1.26 to 1.78)
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

Stroke, HR (95% ClI)

Incident CRV in a previous
year

Any incident CRV

M, HR (95% Cl)

Without CVD
history, Weibull

2.5(1.51to 4.14)

Diabetes (ref: no diabetes, HbA1c 32-37 mmol/mol)

No diabetes, HbAlc < 32
mmol/mol

No diabetes, HbAlc 37-42
mmol/mol

No diabetes, HbAlc 42-48
mmol/mol

Diabetes duration 0-10 years
Diabetes duration > 10 years
Cancer (ref: none)
Incident cancer 0-5 years ago
Baseline cancer 0-5 years ago
All cancer 2 5 years ago
Interactions
Current age x systolic BP

Current age x diabetes 0-10
years

Current age x diabetes > 10
years

Shape?

0.9 (0.82 to 0.99)

1.1(1.03 to 1.18)

1.29 (1.13 to 1.47)

1.29 (1.13 to 1.48)
1.92(1.61 to 2.3)

1.22(1.07 to 1.39)
1.28 (0.95 to 1.71)
1.02(0.92 to 1.13)

0.93(0.79 to 1.09)

0.92(0.77 to 1.1)

1.04
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With CVD history,
exponential

0.5(0.38 to 0.65)

0.81 (0.68 to 0.97)

1.09 (0.98 to 1.21)

1.26 (1.06 to 1.49)

1.26 (1.1 to 1.44)
1.88(1.64 to 2.16)

1.33(1.12 to 1.58)
0.83(0.55 to 1.27)
1.13(0.99 to 1.29)

NA

Coronary revascularisation incident cancer and incident diabetes

Baseline variable

Male sex

Ethnicity (ref: white)
Black ethnicity
South Asian ethnicity
Other ethnicity

Townsend deprivation score quintile (ref: third quintile)

1
2

Coronary revascularisation, HR (95% Cl)

Without CVD
history, Weibull

2.18(1.78 to 2.67)

0.55(0.39 to 0.76)

1.57 (1.36 to 1.8)
0.91(0.76 to 1.1)

With CVD history,
Gompertz

2.21(2.02 to 2.42)

0.63(0.39 to 1)

1.41(1.18 to 1.68)
1.29 (1.01 to 1.64)

Without CVD
history, Weibull

1.77 (1.26 to 2.47)

1.03(0.94 to 1.12)

1.1(1.02 to 1.18)

1.28 (1.11 to 1.48)

1.25(1.1 to 1.42)
1.65(1.43 to 1.9)

1.85(1.65 to 2.08)
1.4 (1.01 to 1.93)

1.35(1.23 to 1.48)

0.89 (0.84 to 0.95)

1.12

Cancer, HR (95% Cl)

Without cancer
history, Gompertz

1.03 (1 to 1.05)

0.96 (0.86 to 1.06)

0.73 (0.65 to 0.81)
0.85(0.78 to 0.93)

With CVD history,
exponential

1.02 (0.86 to 1.21)

1.1(0.98 to 1.23)

1.12(0.92 to 1.36)

1.47 (1.27 to 1.69)
1.56 (1.32 to 1.83)

1.66 (1.4 to 1.98)
1.44 (1 to 2.08)
1.24 (1.09 to 1.42)

NA

Diabetes

Without diabetes
history, Weibull

1.32(1.23to 1.41)

1.07 (0.88 to 1.29)

1.24 (1.06 to 1.44)

1.49 (1.3 to 1.72)

0.91(0.85 to 0.99)
0.98 (0.9 to 1.06)
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APPENDIX 3

TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

3
5

Smoking status (ref:
non-smoker)

Ex-smoker
Current smoker
Unhealthy diet

Physical activity level (ref:
moderate)

Low
High
Missing

LDL-C (centred at 3.6 mmol/I)
per 1 mmol/I

Natural logarithm of HDL-C
(Inmmol/I)

On treatment for hypertension

Systolic BP (centred at 140
mmHg per 20 mmHg)

Diastolic BP (centred at 80
mmHg per 10 mmHg)

Natural logarithm of creatinine
(Inpmol/I)

HbA1c (mmol/mol)

BMI categories (kg/m?) (ref:
18.5-25 kg/m?, healthy)

Underweight (< 18.5 kg/m?)

Overweight (25-30 kg/m?)

Obese | (30-35 kg/m?)

Obese Il (35-40 kg/m?)

Obese Il (= 40 kg/m?)
Severe mental illness

Type 1 diabetes at baseline

CVD history (ref: other CHD only for the CRV equation/none for the cancer and diabetes equations)

Underweight (< 18.5kg/m?)
Overweight (25-30kg/m?)
Obese | (30-35kg/m?)

M, HR (95% Cl)

Without CVD
history, Weibull

1.15(1.09 to 1.21)
1.17 (1.09 to 1.25)

0.9 (0.83 to 0.96)
1.07 (1 to 1.13)
1.03(0.97 to 1.11)
1.54 (1.35 to 1.76)

0.24 (0.17 to 0.33)

1.61(1.33 to 1.95)

Stroke, HR (95% ClI)

With CVD history, Without CVD

exponential

1.16 (1.07 to 1.25)
1.3(1.17 to 1.45)

1.22(1.14t0 1.31)

0.41 (0.33 t0 0.5)

1.76 (1.56 to 1.97)

0.89 (0.85 to 0.93)

0.39 (0.13 to 1.18)
1.11 (0.99 to 1.24)
1.02 (0.88 to 1.19)
0.93(0.71 to 1.21)
0.5 (0.3 to 0.84)

0.39 (0.13 to 1.18)
1.11(0.99 to 1.24)
1.02 (0.88 to 1.19)

history, Weibull

1.14 (1.11 to 1.17)
1.44 (1.39 to 1.5)
1.05 (1.03 to 1.08)

1.07 (1.04 to 1.1)
0.98 (0.95 to 1.01)
1.03 (1 to 1.06)

0.93(0.88 to 0.99)

1.38(1.24 to 1.53)

With CVD history,
exponential

1.03 (0.95 to 1.12)
1.12 (1.03 to 1.22)

1.07 (1.01 to 1.13)
0.96 (0.89 to 1.04)
1.13(1.07 to 1.19)

1.07 (1 to 1.15)
0.89 (0.84 to 0.96)
1.07 (1 to 1.14)

0.3 (0.26 to 0.34)

1.38 (1.3 to 1.46)
1.13 (1.1 to 1.16)

0.64 (0.55 to 0.74)

1.3(1.29 to 1.31)

1.38(0.79 to 2.38)
1.51(1.38 to 1.65)
2.39 (2.18 to 2.62)
3.38 (3.04 to 3.76)
3.69 (3.24 to 4.19)
1.38(1.29 to 1.48)

1.38 (0.79 to 2.38)
1.51(1.38 to 1.65)
2.39(2.18 to 2.62)
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

M, HR (95% Cl) Stroke, HR (95% ClI)

Without CVD
history, Weibull

With CVD history, Without CVD

With CVD history,
exponential

exponential history, Weibull

Obese Il (35-40kg/m?)
Obese Il (2 40kg/m?)
Severe mental illness

Type 1 diabetes at baseline

CVD history (ref: other CHD only for the CRV equation/none for the cancer and diabetes equations)

Other CHD only
Previous Ml only
History of a stroke only

History of peripheral artery
disease only

Two or more disease histories
Time-updating variables

Current age centred at 60 years
(per 10 years)

Incident Ml (ref: none)

Incident Ml in same year
Incident Ml in previous year

Incident Ml at least 2 years
ago

Incident Ml in a previous year
Any incident Ml

Incident stroke (ref: none)
Incident stroke in same year

Incident stroke in a previous
year

Incident CRV (ref: none)
Incident CRV in same year

Incident CRV in a previous
year

Diabetes (ref: no diabetes, Hb,,
32-37 mmol/mol)

No diabetes, Hb,, < 32
mmol/mol

No diabetes, Hb,, 37-42
mmol/mol

1.18 (1.06 to 1.3)

682.04 (565.35 to
822.8)

75.99 (50.47 to
114.41)

15.14 (8.7 to 26.34)

0.94 (0.87 to 1.02)

1.1 (1.04 to 1.17)

0.93(0.71 to 1.21)
0.5 (0.3 to 0.84)

0.74 (0.65 to 0.85)
0.18 (0.12 to 0.26)
0.15 (0.1 to 0.23)

0.8 (0.68 to 0.95)

1.17 (1.1 to 1.24)

82.48 (70.57 to
96.39)

31.31(24.69 to
39.7)

5.79 (4.25 to 7.89)

0.14 (0.05 to 0.35)
0.67 (0.42 to 1.05)

0.88 (0.76 to 1.02)

1.11 (1.01 to 1.21)

1.38(1.24 to 1.53)
1(0.94 to 1.06)
0.98 (0.93 to 1.04)

0.99 (0.92 to 1.06)
1.21(1.11to 1.32)

1.09 (1.02 to 1.15)

1.57 (1.53 to 1.61)

0.71 (0.58 to 0.86)

0.95(0.86 to 1.04)

0.75(0.63 to 0.89)
0.97 (0.9 to 1.05)

1.03 (1 to 1.06)

1.04 (1.02 to 1.07)

3.38(3.04 to 3.76)
3.69 (3.24 t0 4.19)
1.38(1.29 to 1.48)

1.2(1.11 to 1.31)
1.36 (1.04 to 1.77)
1.41(1.18 to 1.68)
1.31 (1.1 to 1.56)

1.46 (1.32to 1.61)

1.58 (1.16 to 2.15)

1.4(1.12 to 1.74)

0.38 (0.21 to 0.68)
0.99 (0.81 to 1.21)

continued
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

No diabetes, Hb,, 42-48
mmol/mol

Diabetes duration 0-10 years
Diabetes duration 2 10 years
Cancer (ref: none)
Incident cancer 0-5 years ago
Baseline cancer 0-5 years ago
All cancer = 5 years ago
Interactions
Current age x male
Current age x current smoker
Current age x ex-smoker
Current age x Hb,,_
Shape?
VD and NVD

Baseline variables

Male sex

Ethnicity (ref: white)
Black ethnicity
South Asian ethnicity
Other ethnicity

Townsend deprivation score
quintile (ref = third)

1

a AN

Smoking status
(ref = non-smoker)

Ex-smoker
Current smoker

Unhealthy diet

M, HR (95% Cl)

Without CVD
history, Weibull

1.16 (1.03 to 1.31)

1.19 (1.09 to 1.31)
1.53(1.38to 1.7)

0.73 (0.64 to 0.84)

1.09 (0.82 to 1.44)
1.06 (0.97 to 1.16)

1.13

VD, HR (95% Cl)

Without CVD history, With CVD history,

Gompertz

1.53(1.21 to 1.93)

0.68 (0.6 to 0.78)
0.76 (0.66 to 0.88)
1.09 (0.94 to 1.26)
1.2 (1.04 to 1.38)

1.03 (0.93 to 1.13)
2.16 (1.93 to 2.43)
1.19 (1.09 to 1.3)

Stroke, HR (95% ClI)

With CVD history, Without CVD

exponential

1.22 (1.05 to 1.41)

1.26 (1.13 to 1.4)
1.32(1.18 to 1.47)

0.64 (0.52 to 0.78)

0.85(0.61to0 1.2)
0.89 (0.79 to 1)

-0.04

Gompertz

1.33(1.18 to 1.49)

0.76 (0.65 to 0.88)
0.91(0.77 to 1.08)
1.11(0.94 to 1.3)

1.14 (0.98 to 1.33)

1.33(1.18 to 1.49)
1.97 (1.71 to 2.28)

history, Weibull
1.16 (1.1 to 1.23)

1.12 (1.06 to 1.17)
1.07 (1.01 to 1.14)

1.52(1.48 to 1.57)
1.13(1.08 to 1.17)
1(0.97 to 1.03)

-0.01

NVD, HR (95% CI)

Without CVD
history, Gompertz

1.36 (1.3 t0 1.43)

0.68 (0.56 to 0.83)
0.77 (0.63 to 0.96)
0.83 (0.7 to 0.97)

0.93(0.88 to 0.98)
0.93(0.87 to 0.99)
1.04 (0.97 to 1.11)
1.27(1.19 to 1.36)

1.21 (1.16 to 1.27)
1.97 (1.86 to 2.08)
1.15(1.11to0 1.2)

With CVD history,
exponential

2.45(2.22 to 2.69)
1.62(1.23 to 2.14)
1.34 (1.24 to 1.4¢6)

0.99 (0.98 to 1)

1.44

With CVD history,
Gompertz

1.01 (0.89 to 1.14)

0.62 (0.42 to 0.92)
0.71 (0.5 to 1.01)
0.8 (0.57 to 1.12)

0.82(0.73 t0 0.92)
0.99 (0.88 to 1.12)
1(0.89 to 1.14)
1.34(1.19 to 1.5)

1.31 (1.2 to 1.42)
1.9 (1.71 to 2.11)
1.26 (1.18 to 1.36)
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TABLE 28 Parametric PHs risk equations (continued)

Health Technology Assessment 2024 Vol. 28 No. 79

Ml and stroke

M, HR (95% Cl)

Without CVD
history, Weibull

Physical activity level (ref:
moderate)

Low
High
Missing

LDL-C (centred at 3.6 mmol/I)
per 1 mmol/I

1.28 (1.11 to 1.49)

Natural logarithm of HDL-C
(Inmmol/I)
On treatment for hypertension  1.45 (1.14 to 1.83)

Systolic BP (centred at 140
mmHg per 20 mmHg)

Diastolic BP (centred at 80
mmHg per 10 mmHg)

Natural logarithm of creatinine  2.19 (1.44 to 3.34)

(Inpmol/1)

BMI categories (kg/m?) (ref:
18.5-25 healthy)

Underweight (< 18.5)
Overweight (25-30)
Obese | (30-35)
Obese Il (35-40)
Obese IlI (= 40)
Severe mental illness 1.34 (1.17 to 1.55)

Type 1 diabetes at baseline

CVD history (ref: other CHD
only)

Previous Ml only
History of a stroke only

History of peripheral artery
disease only

Two or more disease histories
Time-updating variables

Current age centred at 60 years 1.93 (1.79 to 2.07)
(per 10 years)

Incident Ml (ref: none)

Any incident Ml

With CVD history,
exponential

1.06 (0.92 to 1.21)
0.95(0.83 to 1.09)
1.25(1.09 to 1.42)
1.17 (1.07 to 1.27)

0.83 (0.7 to 0.97)

1.3(1.19 to 1.43)

0.94 (0.9 to 0.97)

3.98 (3.25 to 4.87)

1.78 (1.14 to 2.79)
0.88 (0.8 t0 0.97)
0.96 (0.85 to 1.09)
1.12(0.89 to 1.4)
1.73(1.22 to 2.44)

1.54(1.35 to 1.75)
1.32 (1.07 to 1.63)
1.38(1.12to 1.7)

1.85(1.6 to 2.13)

1.6(1.43t0 1.8)

Stroke, HR (95% ClI)

Without CVD
history, Weibull

1.24(1.17 to 1.31)
0.96 (0.91 to 1)

1.11 (1.05 to 1.16)
0.88(0.82 to 0.95)

2.15(1.63 to 2.85)
0.88 (0.79 to 0.97)
0.74 (0.65 to 0.85)
0.81(0.65to 1)

0.94 (0.71 to 1.25)
1.14 (1.07 to 1.22)
1.19 (1.01 to 1.41)

1.72 (1.65 to 1.79)

With CVD history,
exponential

1.33 (1.2 to 1.46)
0.93(0.85 to 1.03)
1.12(1.02 to 1.24)

1.85(1.47 to 2.33)

2.81(1.96 to 4.03)
0.87 (0.78 to 0.96)
0.83(0.72 to 0.96)
0.94 (0.73 to 1.21)
1.33(0.89 to 1.98)

1.14 (0.99 to 1.31)
1.54 (1.27 to 1.88)
1.58 (1.3 to 1.91)

1.39 (1.2 to 1.61)

1.55(1.43 to 1.68)

1.62(1.35 to 1.93)

continued
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

MI, HR (95% ClI) Stroke, HR (95% Cl)

Without CVD With CVD history, Without CVD With CVD history,

history, Weibull exponential history, Weibull exponential
Incident Ml in same year 155.63 (136.92 to 34.37 (30.05 to

176.91) 39.32)

Incident Ml in previous year 8.47 (5.93to 12.1) 7.48 (6.07 to 9.22)

Incident MI at least 2 years 2.9 (2.08 to 4.04) 4.92 (4.05 to 5.96)
ago

Incident stroke (ref: none)

Incident stroke in same year 64.26 (56.28 to 13.6 (11.7 to 15.8)
73.37)

Incident stroke in a previous 8.25(6.76 to 10.07)
year

Incident stroke in previous 413 (3.15 to 5.41)
year

Incident stroke at least 2 years 1.99 (1.51 to 2.61)
ago

Any incident stroke 1.97 (1.54 to 2.52) 1.97 (1.64 to 2.37)
Incident CRV (ref: none)
Incident CRV in same year 0.26 (0.15 to 0.45) 0.45 (0.28 to 0.74)

Incident CRV in a previous 0.84 (0.44 to 1.61) 0.98 (0.8 to 1.21)
year

Any incident CRV 0.5 (0.43 to 0.59)

Diabetes (ref: no diabetes, Hb,,_
32-37)

No diabetes, Hb,, <32 mmol/ 1.11(0.96 to 1.29) 1.08 (0.86to 1.34) 1.04(0.98 to 1.1) 1.15(1 to 1.33)
mol

No diabetes, Hb,, 37-42 1.31(1.18 to 1.46) 1.07(0.93t0 1.22) 1.1(1.05to0 1.16) 1.12(1.02to 1.23)
mmol/mol

No diabetes, Hb,, 42-48 1.79 (1.46 to 2.19) 1.28 (1.04 to 1.58) 1.32(1.19 to 1.46) 1.08 (0.91 to 1.27)
mmol/mol

Diabetes duration 0-10 years  2.61 (2.12 to 3.22) 1.94 (1.57 to 2.39) 1.89 (1.76 to 2.02) 1.74 (1.56 to 1.95)
Diabetes duration > 10 years 4.5 (3.6 to 5.64) 217 (1.75t02.7) 1.45(1.31to 1.59) 1.76 (1.57 to 1.98)

Cancer (ref: none)

Incident cancer 0-5 years ago 1.12 (0.92 to 1.36)
Baseline cancer 0-5 years ago 1.78 (1.17 to 2.7)
All cancer = 5 years ago 0.85(0.72 to 1)
Incident cancer in same year 84.4 (79.39 to 89.73) 38.89 (35.01 to
43.21)
Incident cancer 1 year ago 98.29 (92.38 to 39.66 (35.41 to
104.59) 44.43)
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TABLE 28 Parametric PHs risk equations (continued)

Ml and stroke

MI, HR (95% ClI) Stroke, HR (95% Cl)
Without CVD

history, Weibull

With CVD history, Without CVD

exponential

history, Weibull

With CVD history,
exponential

Incident cancer 2 years ago 60.54 (56.08 to 19.97 (17 to 23.45)
65.36)

Incident cancer 3 years ago 38.8 (35.19 to 42.79) 14.43 (11.8 to

17.66)

Incident cancer 4 years ago 30.39 (26.97 to 11.41 (8.89 to
34.24) 14.65)

Baseline cancer 1 year ago 21.46 (14.45 to 29.36 (19.31 to
31.89) 44.64)

Baseline cancer 2 years ago 33.43 (27.07 to 18.33 (12.95 to
41.29) 25.93)

Baseline cancer 3 years ago 33.72 (28.47 to 13.44 (9.68 to
39.95) 18.66)

Baseline cancer 4 year ago

24.13(20.34 to
28.62)

11.52 (8.46 to
15.68)

All cancer 5-10 years ago 16.52 (15.37 to 8.13 (7.18 to 9.22)
17.76)

All cancer 10-15 years ago 13.02 (11.91 to 6.32 (5.38 to 7.43)
14.23)

All cancer 15-20 years ago
All cancer 2 20 years ago
Interactions
Current age x LDL-C
Current age x male

Current age x diabetes 0-10
years

Current age x diabetes > 10
years

Ml same year x diabetes 0-10

years

Ml same year x diabetes = 10
years

Stroke same year x diabetes
0-10 years

Stroke same year x diabetes
> 10 years

Shape?

0.75(0.61 to 0.93)

0.69 (0.55 to 0.87)

0.92 (0.65 to 1.3)

0.5(0.34 to 0.74)

0.42 (0.27 to 0.66)

0.2(0.12t0 0.33)

0.05

0.87 (0.8 to 0.96)

0.74 (0.59 to 0.91)

0.68 (0.55 to 0.84)

0.07

10.82 (9.62 to 12.17)

8.29 (7.46 to 9.22)

0.82(0.78 to 0.87)

0.06

5.63 (4.54 to 7)
4.67 (3.88 to 5.62)

0.05

a Shape > 1 for Weibull distribution and shape > O for Gompertz distribution indicate risk increases over time, otherwise

decreases over time.
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Appendix 4 Diagnostics of convergence of
results from model simulations

Number of first-order microsimulations

We executed up to 1500 first-order model microsimulations for UKB participants, by prior CVD, 10-year
CVD risk, LDL-C and age, and averaged the simulation results, including QALYs gained, total incremental
cost and incremental cost-effectiveness ratio (ICER), across different numbers of microsimulations (e.g.
first 50, 100, 150, ..., 1000) to check convergence, by comparing these averages with the averages
across all 1000 or 1500 microsimulations. Figure 14 presents these comparisons for ICERs for standard
statin compared with no statin therapy. The results indicate that the averages become more stable as
the number of microsimulations increases. We decided to use 500 first-order microsimulations, which
achieves good stability in all categories as well as allowing the execution of probabilistic sensitivity
analyses in practicable time.
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Men, without prior CVD, standard statin vs. no statin
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FIGURE 14 Diagnostics for number of first-order microsimulations for the ICER of standard statin compared with no statin

therapy in categories of UKB participants.
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Number of simulations for probabilistic sensitivity analyses

We executed 500 and 1000 simulations for the probabilistic sensitivity analysis for UKB participants
without and with prior CVD, respectively. To check if the numbers of simulations were sufficient, we
examined the Cls at different numbers of simulations for QALYs gained, incremental cost, and ICER in
categories of participants. Figure 15 presents this comparison for the ICERs of standard statin compared
with no statin therapy. The results indicate that the Cis become stable quickly.

With prior CVD, standard statin vs. no statin
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FIGURE 14 Continued
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Men, without prior CVD, age 40-49
standard statin vs. no statin
10-year CVD risk and LDL-C (mmol/1)
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Appendix 5 Lifelong projections (without
statin therapy) using the cardiovascular disease
microsimulation model
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TABLE 29 Lifelong projections of outcomes (95% Cl)

Men without CVD history

Age at entry
40-49

50-59

10-year CVD risk
<5%

5-10%

10-15%

15-20%

> 20%

<5%

5-10%

10-15%

15-20%

> 20%

Life-years

38.9 (37.3 to
40.2)

35.4 (34 to 36.6)

32.6(31.2to
33.7)

30.7 (29.3 to
31.8)

28.5(27.1to
29.7)

34.6 (33.3to
35.7)

32.1(31to0 33.1)

29.8(28.8 to
30.7)

28 (27 to 28.8)

25.1(24.2to
25.9)

33(31.8 to 34)

28.5(27.5 to
29.4)

24.8 (23.9 to
25.5)

22.3(21.4 to 23)

19.4 (18.4 to
20.2)

29.4(28.5to
30.3)

26.4(25.6 to
27.2)

23.6(22.9 to
24.3)

21.4(20.7 to
21.9)

17.9 (17.3 to
18.5)

MI

104 (91 to 116)

167 (149 to
185)

235 (213 to
257)

287 (263 to
314)

356 (323 to
386)

79 (69 to 88)

124 (111 to
137)

176 (159 to
192)

227 (207 to
246)

306 (282 to
333)

129 (106 to
149)

146 (122 to
167)

165 (138 to
189)

182 (151 to
209)

207 (171 to
241)

137 (116 to
155)

149 (128 to
168)

164 (142 to
183)

180 (156 to
201)

211 (184 to
237)

135 (121 to
147)

206 (188 to
223)

278 (256 to
297)

330 (306 to
352)

399 (369 to
424)

96 (87 to 104)

150 (137 to
161)

207 (191 to
221)

261 (243 to
277)

341 (320 to
361)

Diabetes?

130 (118 to
143)

195 (179 to
209)

262 (243 to
278)

316 (295 to
334)

367 (344 to
388)

96 (86 to 106)

134 (122 to
146)

181 (167 to
195)

224 (208 to
239)

279 (261 to
295)

Cancer?

Number of individuals experiencing at least one event per 1000 individuals

592 (518 to
654)

581 (512 to
640)

543 (476 to
601)

505 (441 to
565)

447 (383 to
507)

671 (611 to
718)

677 (621 to
722)

670 (619 to
713)

649 (599 to
692)

596 (547 to
641)

260 (168 to
376)

306 (218 to
411)

360 (275 to
459)

405 (318 to
502)

473 (380 to
563)

219 (145 to
315)

246 (175 to
336)

279 (210 to
364)

315 (250 to
396)

376 (304 to
451)

737 (623
to 826)

692 (589
to 778)

639 (541
to 722)

594 (498
to 681)

527 (437
to 620)

772 (682
to 842)

746 (660
to 813)

715 (634
to 782)

681 (603
to 746)

622 (549
to 692)
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TABLE 29 Lifelong projections of outcomes (95% ClI) (continued)

Men without CVD history

Mi Diabetes? Cancer?
Age at entry 10-year CVD risk  Life-years Number of individuals experiencing at least one event per 1000 individuals
60-70 <5% NA NA NA NA NA NA NA NA NA
5-10% 28.2(27.3t029) 23.2(22.5to 87 (78 to 97) 158 (137to 99 (91to108) 92(82to101) 741(700to 204 (148to 778(711
23.8) 176) 775) 275) to 828)
10-15% 26.6 (25.8 to 21.3 (20.7 to 132 (119 to 169 (147 to 150 (138 to 124 (113 to 738 (700to 233 (177to 752 (685
27.4) 21.9) 145) 187) 162) 135) 770) 304) to 803)
15-20% 24.9 (24.2 to 19.4 (18.9 to 171 (156 to 182 (160to 193 (179 to 154 (142 to 734 (697 to 259 (202to 728 (665
25.6) 19.9) 186) 201) 207) 166) 765) 326) to 781)
> 20% 22.3(21.6 to 16.5 (16 to0 16.9) 249 (228 to 210 (187 to 274 (256 to 199 (187 to 708 (672to 308 (255to 683 (623
22.9) 270) 231) 292) 214) 738) 371) to 735)
Women without CVD history
Mi Diabetes? Cancer?
Age atentry  10-year CVDrisk  Life years Number of individuals experiencing at least one event per 1000 individuals
40-49 <5% 42.1 (40.3 to 33(31.8t034) 42(36to48) 132 (108 to 46 (41 to 51) 101 (90to 111) 400(358to 213 (119to 766 (645
43.7) 153) 442) 343) to 858)
5-10% 36.7 (35.1to 38) 24.6(23.7 to 102 (89 to 116) 161 (134to 110(97 to 122) 245 (226 to 412 (374to 293 (196to 699 (583
25.4) 184) 264) 452) 414) to 793)
10-15% 34.9 (33.2 to 21.4 (20.5 to 134 (117 to 183 (152to 148 (130to 313 (292 to 398 (358to 336(232to 660 (545
36.2) 22.2) 155) 212) 164) 334) 438) 455) to 760)
15-20% 34.8 (32.9 to 21.1(20to22) 163 (140to 196 (159 to 186 (164 to 372 (346 to 380(339to 361(247to 635(517
36.4) 192) 230) 208) 395) 422) 481) to 745)
> 20% 32.7 (30.9 to 19.3(18.2 to 181 (153 to 215(175to0 192 (168 to 485 (462 to 400 (356 to 364 (257 to 634 (521
34.3) 20.3) 210) 253) 216) 504) 444) 479) to 741)
continued

7€04dVAX/01€€°0T [10d

6/ "ON 8T IOA ¥Z0T Juswssassy ASojouyda) yijeaH



yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

oct

TABLE 29 Lifelong projections of outcomes (95% CI) (continued)

Women without CVD history

Age at entry
50-59

60-70

10-year CVD risk
<5%

5-10%

10-15%

15-20%

> 20%

<5%

5-10%

10-15%

15-20%

> 20%

Life years

37.2(35.8to
38.4)

34.2(32.9 to
35.3)

31.4(30.2to
32.4)

29.7 (28.4 to
30.7)

28(26.6 to 29.1)

33.4(32.3to
34.3)

31.5(30.5 to
32.4)

29.3 (28.3 to 30)

27.5(26.6 to
28.2)

25.2(24.2 to
25.9)

29 (28 t0 29.8)

24.9 (24 to 25.5)

20.8(20.1 to
21.5)

18.4 (17.7 to 19)

16.4 (15.6 to 17)

26.1(25.3to
26.8)

23.6 (22.9 to
24.2)

21(20.4 to 21.5)

18.8(18.3 to
19.4)

16 (15.4 to 16.4)

MI

Diabetes?

Cancer®

Number of individuals experiencing at least one event per 1000 individuals

49 (42 to 56)

86 (75 to 97)

132 (117 to
148)

169 (148 to
196)

204 (175 to
240)

40 (35 to 46)

68 (60 to 78)

101 (89 to 114)

136 (122 to
152)

186 (162 to
215)

149 (128 to
168)

166 (142 to
184)

189 (162 to
211)

212 (181 to
239)

243 (206 to
274)

161 (141 to
179)

170 (149 to
187)

184 (162 to
201)

200 (177 to
219)

234 (207 to
258)

49 (44 to 54)

88 (79 to 97)

137 (123 to
152)

180 (162 to
202)

214 (190 to
243)

37 (33 to 41)
66 (59 to 72)
99 (90 to 108)
136 (124 to

149)

190 (171 to
213)

97 (87 to 107)

167 (153 to
181)

249 (231 to
266)

306 (286 to
325)

353(332to
375)

66 (59 to 75)

112 (101 to
123)

155 (142 to
168)

197 (182 to
212)

240 (223 to
256)

422 (386 to
458)

432 (398 to
467)

434 (401 to
466)

425 (392 to
458)

425 (389 to
461)

427 (395 to
459)

433 (4083 to
462)

434 (406 to
462)

436 (409 to
463)

437 (410 to
463)

212(130to
319)

257 (170 to
360)

306 (222 to
404)

344 (256 to
438)

359 (264 to
457)

187 (119 to
273)

220 (150 to
308)

253 (184 to
337)

286 (216 to
365)

323 (247 to
403)

729 (640
to 808)

692 (609
to 770)

664 (581
to 741)

638 (551
to 718)

630 (539
to 717)

702 (634
to 766)

674 (608
to 735)

648 (584
to 705)

630 (569
to 688)

622 (558
to 681)
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TABLE 29 Lifelong projections of outcomes (95% Cl) (continued)

Men and women with CVD history

Age at entry
Men 40-49

50-59

60-70

Women 40-49

50-59

60-70

MI

Life-years Number of individuals experiencing at least one event per 1000 individuals

30(28.3t0 31.9) 20.8 (19.7 to 22) 183 (164 to
204)

24.2(23.1to 15.7 (15.1 to 219 (202 to
25.5) 16.5) 240)

19.5(18.7 to 12.2(11.7 to 232 (214 to
20.4) 12.8) 254)

34.9 (32.6 to 23.4(22to0 24.7) 87(76to 101)
37.3)

29.8(28t0 31.6) 18.2(17.3to 121 (106 to
19.2) 139)

254 (24.1to 14.7 (14 to 15.5) 147 (128to
26.7) 170)

Diabetes? Cancer?
130(114to 178 (153 to 221 (201 to 398 (335 to
149) 208) 241) 462)

156 (140to 235(212to 242 (224 to 499 (446 to
174) 262) 263) 548)
175 (159 to 265 (247 to 233 (217 to 596 (556 to
194) 288) 254) 633)
135(116to 49 (40to 61) 141 (126 to 336 (297 to
160) 158) 380)
175(154to 80 (68 to 95) 194 (177 to 371 (339 to
200) 215) 407)
210(188to 112(98to 131) 215(196to 393 (366 to
235) 235) 421)

421 (293 to
552)

366 (276 to
469)

317 (250 to
397)

364 (217 to
517)

324 (213 to
456)

294 (205 to
405)

579 (448
to 706)

633 (530
to 723)

680 (600
to 746)

634 (481
to 777)

662 (530
to 773)

661 (556
to 748)

NA, not applicable (no UKB participants in this category).
a Rates of incident diabetes and incident cancer are based on individuals without baseline diabetes or baseline cancer, respectively.
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Appendix 6 Supplementary methods for the
cost-effectiveness analyses

Integrating treatment effects of statin therapy in the cardiovascular disease
microsimulation model

Statin treatment effects based on the RR per 1-mmol/I reduction in LDL-C, as reported by the CTTC
meta-analysis® informed effects of statin therapy on cardiovascular events and further meta-analyses
informed effects on incident diabetes in the model.*?*3 In the base-case analysis, it was assumed that
statins do not affect cancer incidence and NVD.

The transition probabilities (tp) of events in the absence of statin treatment in the model in each cycle
are calculated as:

tp(ty) =1—exp[H(t—u) —H(t), 2)
where u is the length of the cycle (i.e. 1 year), H(t-u) and H(t) are the cumulative hazards at time t-u and
t, respectively.

The treatment effects of statin (tx) are calculated as:

tx = exp [ALR"In (RR)] (3)

where RR is the rate ratio per 1-mmol/l LDL-C reduction with statin and ALR is the absolute LDL-C
reduction with the statin therapy, which is product of pre-treatment LDL-C level and the proportional
reduction in LDL-C with corresponding statin regimen.

The transition probabilities for events with statin treatment (tp, ) in each cycle of the model is
calculated as:

tpe (ty) = 1 — exp[H (t — u) — H ()™ )

The excess rates on myopathy and rhabdomyolysis of statin treatment were applied as constant annual
rate each year on statin treatment in the model.

TABLE 30 Specification of sensitivity and scenario analyses

Scenario Parameters

Relative risk reduction in CVD Increase: Further 1.5% relative risk reduction per 1-mmol/I reduction of LDL-C¢>
events with statin therapy increase/ added each year from year 6 onwards
decrease annually Decrease: Relative risk reduction reduced by 10% each year from year 6 onwards

Lifetime statin use and statin costs retained in simulations

RR in incident cancer events with Using the 95% CI boundaries reported in an IPD meta-analysis of randomised statin
statin therapy higher or lower trialsé?

Risk of NVD higher 20% higher than in base-case

Real-world compliance with statin ~ Using observed statin discontinuation and restarting rates for the first discontinua-

therapy tion and first restarting, the derived probabilities of complying with statin therapy
(see Table 31) were applied to each individual in the respective years in model
simulation. Both statin effects and costs discontinued with no statin use

continued
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APPENDIX 6

TABLE 30 Specification of sensitivity and scenario analyses (continued)

Scenario Parameters

QoL disutilities of daily statin pill 0.001 or 0.002 QALYs were deducted in each model year

QoL disutilities of CVD events 50% or 150% of base-case decrements in QoL related to CVD events were applied

QoL disutilities of diabetes Apply 50% of base-case decrement in QoL related to diabetes

Discount rates for costs and Annual discount rates to 1.5% were used for costs and QALYs (instead of the 3.5%

outcomes of 1.5% base-case rates)

Include healthcare costs only for Healthcare costs associated with CVD and incident diabetes only included (i.e.

CVD and incident diabetes unrelated healthcare costs were excluded)

Increased cost of statin therapy The base-case costs of statin therapy increased 1.5, 2 or 5 times

Vary statin treatment effect on RR of 0.96 or 1.05, respectively, applied for incident cancer with statin therapy

cancer incidence based on 95% Cl of the CTTC IPD meta-analysis reporting RR of 1.00 (95% Cl 0.96
to 1.05)¢

Reduced statin treatment effects on Smaller relative risk reductions per 1-mmol/I-LDL-C reduction with statin therapy
cardiovascular events in the elderly on cardiovascular events were applied in people from 76 years of age onward in
model simulation. The applied effects based CTTC IPD meta-analysis, reporting
effects only among participants > 75 years of age were (per 1-mmol/I-LDL-C
reduction):®
MI: Major coronary event RR 0.82 (99% Cl 0.70 to 0.96)
Stroke RR 0.89 (99% CI 0.71 to 1.10)
CRVRR 1.02 (99% Cl 0.75 to 1.40)
VD RR 0.95 (99% Cl 0.83 to 1.07)

TABLE 31 Probabilities for first discontinuation and first restarting of statin treatment and the derived probabilities of
compliance with statin therapy over the first 10 years

Cumulative probability (%)% On statin treatment (%)
Discontinuation, % Restarting, % On, % Off, %
1 30 50 70 30
2 38 59 77 23
3 43 64 79 21
4 47 68 80 20
5 50 70 81 19
6 52 72 81 19
7 54 74 82 18
8 56 76 82 18
9 58 77 83 17
10 60 79 83 17
Note

The first two columns present cumulative probabilities for the first discontinuation and first restarting of statin
treatment,¢ followed by the derived compliance with statin treatment in the first 10 years of treatment.
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Appendix 7 Cost-effectiveness of statin
therapies for people 40-70 years old in the
UK: base-case results

TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY gained (£/QALY
gained) and probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old

10-year ICER Probability Probability Probability
CVD QALYs Total (E/ cost- cost- cost-
Statin risk/with gained, cost (£), QALY), effective (at effective (at effective
therapy CVD discounted discounted £ £20,000) £10,000) (at £5000)
<34 Men Standard 40-49 <5 0.07 331 4790 0.61 0.96 0.60
<34 Men Standard 40-49 (5, 10) 0.09 310 3420 0.50 0.89 0.99
<34 Men Standard 40-49 (10,15) 0.13 361 2710 0.10 0.52 0.98
<34 Men Standard 40-49 With 0.14 539 3990 0.05 0.38 0.93
CVD
<34 Men Standard 50-59 <5 0.07 322 4540 0.29 0.93 0.76
<34 Men Standard 50-59 (5, 10) 0.08 285 3440 0.31 0.84 1.00
<34 Men Standard 50-59 (10, 15) 0.10 265 2690 0.31 0.77 0.99
<34 Men Standard 50-59 (15,20) 0.12 273 2280 0.16 0.55 0.97
<34 Men Standard 50-59 =20 0.16 367 2320 0.00 0.02 0.72
<34 Men Standard 50-59 With 0.14 494 3460 0.01 0.18 0.91
CVD
<34 Men Standard 60-70 (5, 10) 0.08 277 3450 0.13 0.68 1.00
<34 Men Standard 60-70 (10,15) 0.09 257 2760 0.13 0.61 0.99
<34 men Standard 60-70 (15,20) 0.11 249 2310 0.11 0.46 0.97
<34 Men Standard 60-70 =20 0.14 290 2070 0.01 0.09 0.76
<34 Men Standard 60-70 With 0.14 432 3080 0.00 0.09 0.81
CVD
<34 Men Higher 40-49 <5 0.01 191 23,490 0.39 0.04 0.00
intensity
<34 Men Higher  40-49 (5, 10) 0.01 199 18,970 0.50 0.11 0.00
intensity
<34 Men Higher 40-49 =10 0.02 194 10,300 0.90 0.48 0.02
intensity
<34 Men Higher  40-49 With 0.02 207 8650 0.95 0.62 0.03
intensity CVD
<34 Men Higher = 50-59 <5 0.01 176 15,570 0.71 0.07 0.00
intensity
<34 Men Higher  50-59 (5, 10) 0.01 169 15,000 0.69 0.16 0.00
intensity
<34 Men Higher  50-59 (10,15) 0.01 169 14,430 0.69 0.23 0.01
intensity
continued
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APPENDIX 7

TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year Probability Probability Probability
CVD QALYs Total cost- cost- cost-
Statin risk/with gained, cost (£), effective (at effective (at effective
therapy CVvD discounted discounted £20,000) £10,000) (at £5000)
<3.4 Men Higher  50-59 (15,20) 0.02 171 10,940 0.84 0.45 0.03
intensity
<34 Men Higher  50-59 =20 0.03 165 5660 1.00 0.98 0.28
intensity
<34 Men Higher  50-59 With 0.03 191 7350 0.99 0.82 0.09
intensity CVvD
<34 Men Higher  60-70 (5, 10) 0.01 151 11,310 0.87 0.32 0.00
intensity
<34 Men Higher  60-70 (10,15) 0.01 148 10,970 0.87 0.39 0.01
intensity
<34 Men Higher  60-70 (15,20) 0.02 147 9510 0.89 0.54 0.03
intensity
<34 Men Higher 60-70 =20 0.02 146 6100 0.99 0.91 0.24
intensity
<34 Men Higher  60-70 With 0.03 164 6290 1.00 0.91 0.19
intensity CVvD
<3.4 Women Standard 40-49 <5 0.05 393 8530 0.88 0.82 0.00
<3.4 Women Standard 40-49 (5, 10) 0.07 441 6560 0.85 0.99 0.02
<3.4 Women Standard 40-49 =10 0.09 512 6010 0.08 0.95 0.04
<3.4 Women Standard 40-49 With 0.10 670 6410 0.07 0.68 0.01
CVD
<3.4 Women Standard 50-59 <5 0.06 362 6340 0.63 1.00 0.03
<34 Women Standard 50-59 (5, 10) 0.07 378 5340 0.68 0.97 0.32
<34 Women Standard 50-59 (10,15) 0.08 419 5010 0.62 0.96 0.49
<3.4 Women Standard 50-59 [15,20) 0.10 445 4330 0.04 0.65 0.84
<34 Women Standard 50-59 =20 0.11 516 4590 0.00 0.02 0.71
<3.4 Women Standard 50-59 With 0.12 661 5650 0.06 0.62 0.13
CVvD
<3.4 Women Standard 60-70 <5 0.06 314 5080 0.24 0.94 0.42
<3.4 Women Standard 60-70 (5, 10) 0.07 319 4380 0.32 0.92 0.78
<34 Women Standard 60-70 (10,15) 0.08 330 3890 0.35 0.88 0.94
<3.4 Women Standard 60-70 (15,20) 0.1 351 3580 0.27 0.80 0.98
<3.4 Women Standard 60-70 =20 0.12 398 3440 0.00 0.14 0.98
<34 Women Standard 60-70 With 0.12 628 5030 0.04 0.55 0.47
CVD
<34 Women Higher 40-49 <5 0.01 199 34,290 0.12 0.00 0.00
intensity
<34 Women Higher 40-49 (5,10) 0.01 240 47,640 0.15 0.01 0.00
intensity
<34 Women Higher 40-49 =10 0.02 221 13,260 0.92 0.05 0.00
intensity
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TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year ICER Probability Probability Probability
CVvD QALYs Total (E/ cost- cost- cost-
Statin risk/with gained, cost (£), QALY), effective (at effective (at effective
therapy CVD discounted discounted £ £20,000) £10,000) (at £5000)
<34 Women Higher 40-49 With 0.02 214 11,270 0.93 0.32 0.00
intensity CVD
<34 Women Higher 50-59 <5 0.01 187 23,050 0.37 0.00 0.00
intensity
<3.4 Women Higher 50-59 (5,10) 0.01 206 27,180 0.32 0.03 0.00
intensity
<3.4 Women Higher 50-59 (10,15) 0.01 224 23,140 0.38 0.04 0.00
intensity
<3.4 Women Higher 50-59 (15,20) 0.02 208 10,730 0.96 0.35 0.00
intensity
<34 Women Higher 50-59 =220 0.03 198 7310 1.00 0.98 0.00
intensity
<34 Women Higher 50-59 With 0.02 227 10,870 0.94 0.38 0.00
intensity CVD
<34 Women Higher 60-70 <5 0.01 162 15,740 0.76 0.06 0.00
intensity
<3.4 Women Higher 60-70 (5,10) 0.01 174 15,950 0.68 0.08 0.00
intensity
<3.4 Women Higher 60-70 (10,15) 0.01 187 15,920 0.65 0.12 0.00
intensity
<34 Women Higher 60-70 (15,20) 0.01 197 14,200 0.73 0.20 0.00
intensity
<34 Women Higher 60-70 =220 0.02 178 7850 1.00 0.86 0.01
intensity
<34 Women Higher 60-70 With 0.02 230 10,400 0.96 0.45 0.01
intensity CVD
3.4- Men Standard 40-49 <5 0.11 287 2700 0.20 0.70 1.00
4.1
3.4- Men Standard 40-49 (5, 10) 0.13 266 2040 0.23 0.63 0.98
4.1
3.4- Men Standard 40-49 =10 0.19 328 1740 0.03 0.21 0.85
4.1
3.4- Men Standard 40-49 With 0.19 556 2930 0.01 0.10 0.83
4.1 CVD
3.4- Men Standard 50-59 <5 0.11 284 2620 0.06 0.46 1.00
4.1
3.4- Men Standard 50-59 (5, 10) 0.12 249 2010 0.07 0.37 0.97
4.1
3.4- Men Standard 50-59 (10,15) 0.14 233 1630 0.09 0.35 0.92
4.1
3.4- Men Standard 50-59 (15,20) 0.17 237 1410 0.07 0.28 0.84
4.1
continued
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TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year Probability Probability Probability
CVD QALYs Total cost- cost- cost-
Statin risk/with gained, cost (£), effective (at effective (at effective
LDL-C Sex therapy CVvD discounted discounted £20,000) £10,000) (at£5000)
3.4- Men Standard 50-59 220 0.22 355 1620 0.00 0.01 0.41
4.1
3.4- Men Standard 50-59 With 0.18 416 2270 0.01 0.07 0.69
4.1 CVD
34- Men Standard 60-70 (5, 10) 0.12 252 2080 0.01 0.12 0.95
4.1
34- Men Standard 60-70 (10,15) 0.14 227 1640 0.01 0.11 0.82
4.1
34- Men Standard 60-70 (15,20) 0.16 212 1370 0.01 0.10 0.70
4.1
34- Men Standard 60-70 =20 0.20 278 1410 0.00 0.02 0.42
4.1
34- Men Standard 60-70 With 0.18 313 1750 0.00 0.02 0.41
4.1 CVD
34- Men Higher 40-49 <5 0.02 188 12,410 0.80 0.30 0.00
4.1 intensity
34- Men Higher  40-49 (5, 10) 0.02 193 11,970 0.77 0.37 0.02
4.1 intensity
34- Men Higher  40-49 =10 0.03 197 7060 0.97 0.79 0.15
4.1 intensity
34- Men Higher  40-49 With 0.04 224 6240 0.99 0.90 0.17
4.1 intensity CVD
34- Men Higher 50-59 <5 0.02 172 9800 0.94 0.54 0.00
4.1 intensity
34- Men Higher  50-59 (5, 10) 0.02 168 8820 0.93 0.63 0.03
4.1 intensity
34- men Higher  50-59 (10,15) 0.02 169 8530 0.91 0.65 0.08
4.1 intensity
34- Men Higher  50-59 (15,20) 0.02 172 7470 0.93 0.72 0.16
4.1 intensity
34- Men Higher  50-59 =220 0.04 179 4490 1.00 0.99 0.59
4.1 intensity
34- Men Higher  50-59 With 0.03 191 5930 1.00 0.93 0.31
4.1 intensity CVD
34- Men Higher  60-70 (5, 10) 0.02 150 7270 0.99 0.88 0.05
4.1 intensity
34- Men Higher  60-70 (10,15) 0.02 146 6440 0.99 0.89 0.18
4.1 intensity
34- Men Higher  60-70 (15,20) 0.02 144 5820 0.99 0.90 0.30
4.1 intensity
34- Men Higher  60-70 =220 0.03 151 4520 1.00 0.98 0.58
4.1 intensity
34- Men Higher  60-70 With 0.03 146 4510 1.00 0.98 0.59
4.1 intensity CVD
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TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year ICER Probability Probability Probability
CVvD QALYs Total (E/ cost- cost- cost-
Statin risk/with gained, cost (£), QALY), effective (at effective (at effective
LDL-C Sex therapy CVD discounted discounted £ £20,000) £10,000) (at £5000)
3.4- Women Standard 40-49 <5 0.07 398 5580 0.58 0.98 0.20
4.1
3.4- Women Standard 40-49 (5, 10) 0.09 455 4840 0.71 0.96 0.57
4.1
3.4- Women Standard 40-49 =10 0.13 603 4650 0.15 0.83 0.68
4.1
3.4- Women Standard 40-49 With 0.14 668 4930 0.04 0.46 0.54
4.1 CVD
3.4- Women Standard 50-59 <5 0.08 359 4250 0.23 0.89 0.90
4.1
3.4- Women Standard 50-59 (5, 10) 0.10 377 3770 0.35 0.89 0.99
4.1
3.4- Women Standard 50-59 (10,15) 0.12 435 3670 041 0.87 0.99
4.1
3.4- Women Standard 50-59 (15,20) 0.14 485 3500 0.11 0.61 0.99
4.1
3.4- Women Standard 50-59 220 0.16 618 3810 0.00 0.05 0.96
4.1
3.4- Women Standard 50-59 With 0.15 631 4340 0.04 0.43 0.84
4.1 CVD
3.4- Women Standard 60-70 <5 0.09 314 3430 0.02 0.47 1.00
4.1
3.4- Women Standard 60-70 (5, 10) 0.1 313 3030 0.09 0.57 1.00
4.1
3.4- Women Standard 60-70 (10,15) 0.12 320 2670 0.11 0.54 0.99
4.1
3.4- Women Standard 60-70 (15,20) 0.14 351 2560 0.11 0.51 0.98
4.1
3.4- Women Standard 60-70 =20 0.16 437 2690 0.00 0.14 0.93
4.1
3.4- Women Standard 60-70 With 0.15 546 3570 0.01 0.26 0.92
4.1 CVD
3.4- Women Higher 40-49 <5 0.01 213 22,170 042 0.02 0.00
4.1 intensity
3.4- Women Higher 40-49 (5,10) 0.01 254 32,660 0.29 0.04 0.00
4.1 intensity
3.4- Women Higher 40-49 =10 0.02 272 12,760 0.85 0.17 0.00
4.1 intensity
3.4- Women Higher 40-49 With 0.02 231 9380 0.96 0.54 0.00
4.1 intensity CVD
3.4- Women Higher 50-59 <5 0.01 194 14,560 0.77 0.11 0.00
4.1 intensity
continued
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TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year Probability Probability Probability
CVD QALYs Total cost- cost- cost-
Statin risk/with gained, cost (£), effective (at effective (at effective
therapy CVvD discounted discounted £20,000) £10,000) (at £5000)
3.4- Women Higher 50-59 (5, 10) 0.01 216 16,630 0.65 0.11 0.00
4.1 intensity
3.4- Women Higher 50-59 (10,15) 0.01 240 17,260 0.59 0.13 0.00
4.1 intensity
3.4- Women Higher 50-59 (15,20) 0.02 245 10,750 0.89 0.39 0.00
4.1 intensity
3.4- Women Higher 50-59 =20 0.03 228 7020 1.00 0.95 0.02
41 intensity
3.4- Women Higher 50-59 With 0.03 233 9230 0.97 0.58 0.01
4.1 intensity CVvD
3.4- Women Higher 60-70 <5 0.02 166 9620 0.98 0.53 0.00
4.1 intensity
3.4- Women Higher 60-70 (5, 10) 0.02 178 10,580 0.91 0.43 0.00
4.1 intensity
3.4- Women Higher 60-70 (10,15) 0.02 191 10,220 0.89 0.46 0.01
4.1 intensity
3.4- Women Higher 60-70 (15,20) 0.02 205 10,080 0.89 0.49 0.02
4.1 intensity
3.4- Women Higher 60-70 =20 0.03 205 7090 1.00 0.86 0.07
4.1 intensity
3.4- Women Higher 60-70 With 0.03 214 7920 0.99 0.74 0.06
4.1 intensity CVD
>4.1 Men Standard 40-49 <5 0.16 228 1400 0.03 0.23 0.90
>41 Men Standard 40-49 (5, 10) 0.21 190 900 0.02 0.12 0.67
>4.1 Men Standard 40-49 =10 0.37 353 960 0.00 0.00 0.10
>4.1 Men Standard 40-49 With 0.31 717 2290 0.00 0.02 0.53
CVvD
>4.1 Men Standard 50-59 <5 0.16 254 1620 0.01 0.09 0.86
>41 Men Standard 50-59 (5, 10) 0.19 196 1050 0.00 0.05 0.62
>4.1 Men Standard 50-59 (10,15) 0.23 178 790 0.00 0.03 0.44
>41 Men Standard 50-59 (15,20) 0.27 188 700 0.00 0.02 0.26
>41 Men Standard 50-59 =20 0.44 491 1110 0.00 0.00 0.01
>4.1 Men Standard 50-59 With 0.27 381 1390 0.00 0.00 0.26
CVvD
>4.1 Men Standard 60-70 (5, 10) 0.18 265 1480 0.00 0.02 0.35
>4.1 Men Standard 60-70 (10,15) 0.20 199 970 0.00 0.00 0.20
>41 Men Standard 60-70 (15,20) 0.23 198 840 0.00 0.00 0.14
>4.1 Men Standard 60-70 =20 0.37 409 1110 0.00 0.00 0.01
>4.1 Men Standard 60-70 With 0.23 66 280 0.00 0.00 0.06
CVvD
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TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year ICER Probability Probability Probability
CVvD QALYs Total (E/ cost- cost- cost-
Statin risk/with gained, cost (£), QALY), effective (at effective (at effective
therapy CVD discounted discounted £ £20,000) £10,000) (at £5000)
24,1 Men Higher 40-49 <5 0.02 184 7530 0.97 0.77 0.10
intensity
24,1 Men Higher  40-49 (5, 10) 0.03 184 5850 0.98 0.88 0.33
intensity
24,1 Men Higher 40-49 =10 0.06 211 3450 1.00 1.00 0.90
intensity
241 Men Higher  40-49 With 0.06 279 4920 1.00 0.99 0.47
intensity CVD
24,1 Men Higher 50-59 <5 0.03 170 6330 0.99 0.91 0.14
intensity
24,1 Men Higher  50-59 (5, 10) 0.03 163 5410 1.00 0.95 0.38
intensity
241 Men Higher  50-59 (10,15) 0.04 164 4680 1.00 0.97 0.56
intensity
24,1 Men Higher  50-59 (15,20) 0.04 164 3930 1.00 0.98 0.74
intensity
241 Men Higher  50-59 =220 0.08 208 2690 1.00 1.00 0.99
intensity
241 Men Higher  50-59 With 0.05 197 4010 1.00 1.00 0.74
intensity CVD
241 Men Higher  60-70 (5, 10) 0.03 155 4700 1.00 0.98 0.65
intensity
24,1 Men Higher  60-70 (10,15) 0.04 143 4000 1.00 1.00 0.80
intensity
241 Men Higher  60-70 (15,20) 0.04 141 3620 1.00 1.00 0.86
intensity
241 Men Higher 60-70 =220 0.06 175 2730 1.00 1.00 0.99
intensity
241 Men Higher  60-70 With 0.04 110 2610 1.00 1.00 0.94
intensity CVD
>4.1 Women Standard 40-49 <5 0.11 384 3480 0.25 0.85 1.00
>4.1 Women Standard 40-49 (5, 10) 0.16 445 2720 0.25 0.73 1.00
>4.1 Women Standard 40-49 =10 0.28 716 2560 0.00 0.01 0.86
24,1 Women Standard 40-49 With 0.20 881 4320 0.01 0.31 0.90
CVD
>4.1 Women Standard 50-59 <5 0.13 346 2730 0.04 0.43 1.00
>4.1 Women Standard 50-59 (5, 10) 0.16 355 2230 0.07 0.42 0.98
>4.1 Women Standard 50-59 (10,15) 0.20 420 2060 0.04 0.34 0.94
>4.1 Women Standard 50-59 (15,20) 0.26 507 1970 0.01 0.14 0.88
241 Women Standard 50-59 =20 0.37 825 2230 0.00 0.00 0.13
continued
Copyright © 2024 Mihaylova et al. This work was produced by Mihaylova et al. under the terms of a commissioning contract issued by the Secretary of State for Health 131

and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.



APPENDIX 7

TABLE 32 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY (£/QALY) and
probability that standard or higher-intensity statin therapy is cost-effective for people 40-70 years old (continued)

10-year Probability Probability Probability
CVD QALYs Total cost- cost- cost-
Statin risk/with gained, cost (£), effective (at effective (at effective
therapy CVvD discounted discounted £20,000) £10,000) (at £5000)
241 Women Standard 50-59 With 0.20 659 3320 0.02 0.27 0.94
CVD
24,1 Women Standard 60-70 <5 0.13 303 2330 0.01 0.09 0.97
24,1 Women Standard 60-70 (5, 10) 0.16 297 1920 0.00 0.11 0.92
241 Women Standard 60-70 (10,15) 0.18 297 1610 0.00 0.11 0.83
>4.1 Women Standard 60-70 (15,20) 0.22 330 1480 0.00 0.06 0.70
24,1 Women Standard 60-70 =20 0.31 525 1670 0.00 0.00 0.29
241 Women Standard 60-70 With 0.19 336 1730 0.01 0.09 0.67
CVvD
>4.1 Women Higher 40-49 <5 0.02 226 14,160 0.75 0.15 0.00
intensity
241 Women Higher 40-49 (5,10) 0.02 267 12,870 0.75 0.27 0.00
intensity
241 Women Higher 40-49 =210 0.05 291 6040 1.00 0.99 0.14
intensity
241 Women Higher 40-49 With 0.04 309 8770 0.99 0.69 0.01
intensity CVD
>41 Women Higher 50-59 <5 0.02 200 9730 0.96 0.57 0.00
intensity
>4.1 Women Higher 50-59 (5,10) 0.02 222 9410 0.93 0.58 0.02
intensity
>4.1 Women Higher 50-59 (10,15) 0.03 255 8460 0.96 0.66 0.06
intensity
>4.1 Women Higher 50-59 (15,20) 0.04 277 6970 0.99 0.86 0.12
intensity
>4.1 Women Higher 50-59 =20 0.07 293 4220 1.00 1.00 0.87
intensity
>4.1 Women Higher 50-59 With 0.03 260 7960 0.98 0.73 0.05
intensity CVD
241 Women Higher 60-70 <5 0.02 172 6910 0.99 0.91 0.03
intensity
>4.1 Women Higher 60-70 (5, 10) 0.03 182 6750 1.00 0.89 0.08
intensity
241 Women Higher 60-70 (10,15) 0.03 196 6420 1.00 0.89 0.17
intensity
>4.1 Women Higher 60-70 (15,20) 0.04 211 5800 1.00 0.94 0.30
intensity
24,1 Women Higher 60-70 =220 0.06 240 4360 1.00 1.00 0.71
intensity
241 Women Higher 60-70 With 0.03 182 5760 1.00 0.91 0.33
intensity CVvD
Note

Cost-effectiveness results presented for standard statin vs. no statin and for higher-intensity vs. standard intensity statin
therapy. Probability cost-effective derived across the three options of no statin, standard-intensity and higher-intensity
statin therapy.
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Appendix 8 Cost-effectiveness of statin
therapies for older people in the UK

TABLE 33 Incremental discounted QALYs, incremental discounted costs (£), incremental costs per QALY gained (£/QALY
gained) and probability that standard or higher-intensity statin therapy is cost-effective for older people: base-case results

QALYs Total cost (E), ICER(£/ Probability Probability Probability
Statin gained, discounted, QALY), cost-effective cost-effective cost-effective
therapy discounted £ £ (at £20,000) (at £10,000) (at £5000)
Men Standard <34 0.12 365 2940 0.01 0.18 0.95
Men Standard 3.4- 0.20 347 1760 0.00 0.00 0.20
4.1
Men Standard >4.1 0.35 574 1650 0.00 0.00 0.01
Men Standard With  0.18 21 120 0.00 0.00 0.03
CVvD
Women Standard <34 0.10 355 3500 0.07 0.60 0.98
Women  Standard 3.4- 0.14 328 2280 0.00 0.02 0.83
4.1
Women  Standard 241  0.22 394 1780 0.00 0.00 0.47
Women  Standard With  0.16 282 1720 0.00 0.03 0.54
CVvD
Men Higher <34 0.02 162 7430 0.99 0.82 0.06
intensity
Men Higher 3.4- 0.04 154 4180 1.00 1.00 0.80
intensity 4.1
Men Higher 241 0.06 204 3180 1.00 1.00 0.99
intensity
Men Higher With  0.03 76 2210 1.00 1.00 0.97
intensity CVD
Women  Higher <34 0.02 185 11,780 0.93 0.40 0.00
intensity
Women  Higher 3.4- 0.03 165 5860 1.00 0.98 0.17
intensity 4.1
Women  Higher >41 0.04 201 4950 1.00 1.00 0.53
intensity
Women  Higher With  0.03 149 5080 1.00 0.97 0.46

intensity CVD

Note

Incremental cost-effectiveness ratios presented for standard statin vs. no statin and for higher-intensity vs. standard-
intensity statin therapy. Probability cost-effective derived across the three options of no statin, standard-intensity and
higher-intensity statin therapy.
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APPENDIX 8

TABLE 34 Scenario analyses: incremental costs per QALY gained (£/QALY gained) and probability standard or higher-

intensity statin therapy is cost-effective for older people

Key scenario analysis

Probability Probability Probability

Further scenario analysis for people without CVD
at statin initiation

Probability Probability Probability

cost- cost- cost- cost- cost- cost-
Statin ICER (E/ effective (at effective (at effective ICER (E/ effective (at effective (at effective
therapy LDL-C QALY), £ £20,000) £10,000) (at £5000) QALY),£ £20,000) £10,000) (at £5000)
Men Standard < 3.4 4120 0.27 0.60 0.68 7870 0.47 0.50 0.29
Men Standard 34-41 2600 0.07 0.23 0.70 4510 0.32 0.43 0.48
Men Standard = 4.1 2150 0.02 0.07 0.48 3060 0.22 0.33 0.51
Men Standard With 2310 0.05 0.17 0.46
CVD
Women  Standard < 3.4 5050 0.46 0.71 0.47 10,420 0.48 0.45 0.22
Women Standard 34-41 3280 0.16 0.42 0.72 6140 0.34 0.46 0.41
Women  Standard = 4.1 2590 0.10 0.30 0.78 4300 0.33 0.48 0.51
Women  Standard With 3080 0.15 0.40 0.54
CVD
Men Higher <34 11,450 0.72 0.35 0.01 89,550 0.24 0.07 0.00
intensity
Men Higher  34-41 6360 0.92 0.77 0.23 18,350 0.47 0.28 0.04
intensity
Men Higher =241 4610 098 0.93 0.51 9620 0.62 0.46 0.16
intensity
Men Higher  With 5220 0.95 0.83 0.40
intensity CVD
Women Higher <34 20,770 048 0.14 0.00 2,088,810 0.16 0.03 -
intensity
Women Higher 34-41 8940 0.82 0.51 0.04 26,040 0.40 0.16 0.01
intensity
Women Higher 24.1 7190 0.89 0.68 0.13 19,540 0.45 0.23 0.02
intensity
Women Higher  With 8360 0.84 0.56 0.19
intensity CVD
Note

Incremental cost-effectiveness ratios presented for standard statin vs. no statin and for higher-intensity vs. standard-
intensity statin therapy. Probability cost-effective derived across the three options of no statin, standard-intensity and
higher-intensity statin therapy.
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