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Technical appendix 

 

UK-PROMISE model 

The UK-PROMISE (PReventiOn of Myocardial Infarction and Stroke Evaluation in the UK) model 

was designed as an individual-level state-transition model using TreeAge Pro software (2015 version, 

TreeAge Software, Inc., Williamstown, MA, USA). The model structure consists of five health states: 

‘Alive and Well’, ‘Alive and Diabetes Mellitus (DM)’, ‘Post Cardiovascular Disease (CVD) event’, 

‘Post CVD event and DM’, and ‘Dead’ (eFigure 1). In addition, the model separately keeps track of 

subjects who experience transient ischaemic attack (TIA), stroke, angina pectoris, and myocardial 

infarction. Quality of life utility values and accompanying costs for treatment and follow-up are 

assigned to these conditions. Heterogeneity in risk profiles was based on data from the UK Biobank.1 

Individual-level transition probabilities were based on prediction models developed in the QResearch 

database.2 3 

 

UK Biobank  

The UK Biobank prospective cohort study recruited 503,120 participants aged between 40-69 years in 

2006-2010. Eligible individuals were registered with the National Health Service (NHS) and lived 

within traveling distance of one of over 20 assessment centers across the UK. Participants completed 

questionnaires on lifestyle, family, and medical history; they underwent a wide range of physical 

measures and had samples of blood, urine, and saliva collected. UK Biobank is an open-access 

resource and data can be accessed through www.ukbiobank.ac.uk. Safeguards ensure anonymity and 

confidentiality of participants’ samples and data. UK Biobank is a registered charitable company, and 

as such, researchers are required to pay only for access to the resource, so that UK Biobank can recover 

its costs. Research results from studies that use UK Biobank data are required to be returned into the 

resource pool.  

 

QResearch database 

The QResearch database is a large, validated electronic database representative of primary care and 

contains the anonymized health records of over 13 million patients over a 17 year period from 

hundreds of general practices using the EMIS computer system. It has been used for a wide range of 

health research studies, including studies of the incidence, risk, and treatment of cardiovascular 

disease. For example, in 2010 the QRISK Lifetime CVD risk calculator was published, which was 

derived from 2,343,759 subjects with 121,623 incident cases of CVD and 148,671 non-CVD deaths.2  

 

Modelling of first CVD events and non-CVD deaths 

Transition probabilities for first CVD events and competing non-CVD deaths were based on age- and 

gender-specific survival functions from the QRISK Lifetime CVD risk calculator. These survival 

functions were further individualized by ethnicity, social deprivation (Townsend score), total 

cholesterol: high-density lipoprotein (HDL) cholesterol ratio, body mass index (BMI), smoking, 

systolic blood pressure, presence of atrial fibrillation, type 2 diabetes mellitus, chronic renal disease, 

rheumatoid arthritis, treated hypertension, and family history of coronary heart disease. Because a 

question on a family history of coronary heart disease in first degree relatives aged younger than 60 

years was not included in the UK Biobank questionnaire, we assigned a value yes/no to UK Biobank 

participants based on the prevalence observed in the QResearch population.2 

 

The age-dependent one-year probabilities of CVD events (P CVDAge j) and death due to non-CVD 

causes (P nonCVD deathAge j) were calculated using the following formulas assuming constant hazards 

within a one-year period, accumulating to a one-year cumulative hazard for CVD and non-CVD death 

at the end of Age j (H CVDAge j) and (H nonCVD deathAge j): 

 

P CVDAge j =
H CVDAge j

H CVDAge j + H nonCVD deathAge j
× (1 − e−(H CVDAge j + H nonCVD deathAge j)) 

 

 

P nonCVD deathAge j =
H nonCVD deathAge j

H CVDAge j + H nonCVD deathAge j
× (1 − e−(H CVDAge j + H nonCVD deathAge j)) 
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With the one-year cumulative hazard rates (H CVD and H nonCVD death) for each Age j calculated 

using the baseline hazard rates (H CVD0 and H nonCVD death0) and the linear predictor (β[X]) 

including log hazard ratios published for the QRISK Lifetime CVD risk calculator: 

 

H CVDAge j = H CVD0 Age j  × e(β[X]) 

 

H nonCVD deathAge j = H nonCVD death0 Age j  × e(β[X]) 

 

The proportions of having either a stroke event (TIA or major stroke) or coronary heart disease (CHD) 

event (angina pectoris or myocardial infarction (MI)) conditional on a first CVD event were 

determined based on ethnicity- and gender-specific proportions published by the QResearch group.4 

The probabilities of presenting with either angina pectoris or a myocardial infarction conditional on a 

first CHD event were based on age- and gender-specific proportions observed in the Bromley Coronary 

Heart Disease Register (BCHDR).5 The probabilities of having either a stroke or a TIA conditional on 

a first stroke or TIA event were based on data from the Oxford Vascular Study.6 The 30-day case 

fatalities of MI and stroke were modelled age and gender dependently.6 7 We assumed that angina and 

TIA events are not fatal.  

 

For individuals who survived CVD, a baseline probability of dying was based on the rate of dying of 

all causes calculated by the UK-PROMISE model for individuals without CVD. Baseline all-cause 

mortality rates were subsequently modified by published hazard/rate ratios for having CVD in the 

medical history, the effect size of which were dependent on the experienced event type (MI, angina, 

stroke, or TIA), and on the time passed since the event occurred (for MI, angina, and stroke only). The 

resulting elevated probabilities of dying were applied to the remaining time of the one-year cycle when 

CVD was survived, while assuming events occur halfway, and within all subsequent cycles within the 

post-CVD health state.  

 

Modelling of diabetes 

Survival functions related to developing diabetes were based on the QDScore, which takes into account 

age, gender, ethnicity, social deprivation (Townsend score), smoking status, family history of diabetes, 

history of cardiovascular disease, treated hypertension, regular steroid use and BMI.3 We combined the 

published baseline survival function over a period of 15 years together with the published hazard ratios 

to calculate one-year transition probabilities for the first 15 years. After 15 year the time clock for the 

baseline survival function was set back to zero. Input values for age, BMI, and history of 

cardiovascular disease were subsequently updated for the next 15 years and this procedure was 

repeated for each 15-year period until death or age 95 years. An age-related trend in BMI was modelled 

using results of cross-sectional analyses of the asymptomatic UK Biobank study population 

(n=259,146) with multiple regression including age, age squared, gender and age-gender interactions as 

independent variables. Diabetes was modelled as a hidden health state. Within each one-year cycle a 

tracker variable was set to one or kept zero using a binomial distribution with a success rate based on 

the one-year transition probability of developing diabetes. Once diabetes occurred, we assumed it 

would be present until death. The tracker variable subsequently determined whether the disutility and 

health-care associated costs of diabetes were used to modify the utility and costs for the simulated 

individual. For individuals with diabetes already present at baseline, the disutility and health-care 

associated costs were used by default.  

 

Generalizability and validity 

To evaluate the generalizability of the asymptomatic UK Biobank study population (n=259,146), we 

compared the baseline characteristics of those residing in England or Wales (n=240,072) with Health 

Survey of England (HSE) data from the 2006 survey round8 and the 2,343,759 individuals included in 

the derivation dataset of the QRISK Lifetime CVD risk calculator.2 For HSE, we applied the same age 

range (40-69 years) and inclusion criteria as for the selection of the asymptomatic UK Biobank study 

population. We only had to omit the TIA criterion due to missingness and obtained 5,621 individuals 

for the comparison. We applied the sample weights assessed for non-responsiveness applicable to the 

interview, physical exam, and lab exam cycles and calculated weighted means and frequencies for 

available risk factors. eTable 1 shows the results of the comparisons indicating reasonable 

generalizability, with differences that could be explained by a variation in age. 

 

To verify that the UK-PROMISE model predicts lifetime CVD and non-CVD death risk in agreement 

with the QRISK lifetime cardiovascular risk calculator, we compared the risks as calculated by both. 
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Therefore, we ran the UK-PROMISE model for 10,000 UK Biobank participants selected from the 

asymptomatic UK Biobank study population (n=259,146) using 100 random walks. We tracked the 

occurrence of CVD for each subject and calculated the average risk of experiencing a first CVD event 

at 10, 20, and 30 years and the lifetime CVD risk defined as risk up to the age of 95. We also 

calculated the same risks using the QRISK lifetime cardiovascular risk calculator available online on 

http://www.qrisk.org/lifetime/index.php. eTable 2 demonstrates that the risks from the UK-PROMISE 

model are in agreement with the QRISK-lifetime risks.  

 

In addition, we built an individual-level state-transition model with only an alive and dead health state. 

Age and gender dependent transition probabilities from the alive to dead state were based on UK 2010-

2012 life tables.9 We ran this model with the same 10,000 UK Biobank participants with a time horizon 

of 45 years or when the age of 95 years was reached. eFigure 2 shows that the life expectancy predicted 

by the UK-PROMISE model is similar to calculated by the life tables.  

 

Modelled guideline strategies 

In the old guideline strategy all UK Biobank participants were offered cardiovascular risk assessments 

every five years from the age of 40 to 75 years within the NHS Health Check screening program. In the 

current and alternative guideline strategies, primary care physicians additionally offered similar risk 

assessment every five years from the age of 75 to 85. If statins or antihypertensive medication were 

prescribed the five-yearly risk assessment would be offered by the general practitioner in all guideline 

scenarios. If the individual had (developed) diabetes, annual follow-up exams would be performed by 

the physician including cardiovascular risk assessment. Periodic cardiovascular risk assessment 

continued until the age of 75 in the old guideline and until age 85 in the current and alternative 

guidelines. At the age of 75 or 85 individuals would be offered statin therapy in agreement with the 

recommendation that statins should be considered in all elderly. 

 

Ten year CVD risk at each screening visit or annual follow-up exam was calculated by the QRISK 

CVD survival function using the conditional survival of CVD at age + 10 years with ethnicity, social 

deprivation (Townsend score), total cholesterol: HDL cholesterol ratio, BMI, smoking, systolic blood 

pressure, presence of atrial fibrillation, type 2 diabetes mellitus, chronic renal disease, rheumatoid 

arthritis, treated hypertension and family history of coronary heart disease as predictors. Age-related 

trends in systolic blood pressure and BMI were modelled using results of cross-sectional analyses of 

the asymptomatic UK Biobank study population (n=259,146) with multiple regression including age, 

age squared, gender and age-gender interactions as independent variables. Systolic blood pressure at 

the visit was decreased in case the individual was adherent to prescribed antihypertensive medication. 

We assumed that if the individual were to become non-adherent the systolic blood pressure would 

return to its underlying value estimated by the multiple regression equation. The predictor type 2 

diabetes mellitus was set to positive in individuals who had (developed) diabetes.  

 

In the old guideline strategy, statin therapy was started when the individual’s 10-year QRISK was ≥ 

20% at any visit. Antihypertensive therapy was started when systolic blood pressure ≥ 150 mmHg or 

when the individual’s  10-year QRISK was ≥ 20% in combination with a systolic blood pressure ≥ 140 

mmHg.10 In the current guideline strategy, statin therapy was started when the individual’s 10-year 

QRISK was ≥ 10%. Antihypertensive therapy was started using the same criteria as in the old 

guideline. In the alternative guideline strategy antihypertensive medication was prescribed using the 

lower risk threshold of 10% with the same criteria for hypertension regardless of 10-year QRISK. 

 

The type of antihypertensive drug and the number of drugs was determined based on NICE 2011 

Hypertension guidelines.10 The number of drugs was titrated from one drug with standard dose to two 

drugs with standard dose up to maximally three drugs with standard dose until the systolic blood 

pressure would fall below or would approach 140 mmHg for individuals younger than 80 years and 

150 mmHg for those who were 80 years and older (see below for the equations). Therefore at each 

screening visit, we tracked the systolic blood pressure and the required decrease in systolic blood 

pressure. In combination with age and ethnicity, this would then determine the number and type of 

antihypertensive drugs, and consequently medication costs and relative risks for modification of CVD 

and diabetes risk. See eTable 3 for the full algorithm that we used to model decision making. 

 

If antihypertensive medication was started, we calculated the expected decrease (Δ) of systolic blood 

pressure (SBP) by one, two or three standard dose antihypertensive drug(s) as:11  
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 ∆ SBP = 9.1 + 0.10 × (SBP − ∆ SBP by preceding drug(s) − 154) 

 

The starting systolic blood pressure was intermittently recalculated for two and three standard dose 

drugs after subtracting expected decreases. Subsequently, the effect of antihypertensive therapy (HRX) 

on lowering CHD and stroke incidence was calculated based on the relative risk reduction per 5 mmHg 

decrease in systolic blood pressure estimated by a recently published individual-level meta-analysis.12 

We performed fixed effects meta-analyses of the reported hazard ratios within 5-year CHD and stroke 

risk categories to calculate hazard ratios for CHD and stroke assuming absence of heterogeneity in 

effects across risk categories. The final relative risk (RRHRX) for each individual was calculated using 

the following formula: 

 

RRHRX = PCHD  × (RRCHD
∆ SBP 5⁄ ) + PStroke  × (RRStroke

∆ SBP 5⁄ ) 

 

 

The relative risk of the statin therapy component (RRStatin) was calculated based on Taylor et al as 

follows:13 

 

RRStatin = PCHD  × (RRCHD) +  PStroke  × (RRStroke) 

 

In case both antihypertensive and statin therapy were prescribed, the combined effectiveness was 

calculated by: 

 

RRHRX+ Statin = e(log RRHRX+ logRRStatin+ log RRInteraction) 

 

 

with RRInteraction set to 1 assuming absence of effect modification. For more details on these input 

parameters see eTable 4. 

 

Modelled polypill strategies 

Although a systematic program for delivery of the polypill is still to be defined, we hypothesized that 

polypills are offered to individuals by general practitioners during a one-time visit. We used the 

following starting ages: 40, 45, 50, 55 and 60. 

 

In the polypill strategies, the expected decrease in baseline systolic blood pressure on three half 

standard dose blood pressure treatments was calculated as:11  

 

∆ SBP = 19.9 + 3 × 0.078 × (SBP − 150) 

 

 

The RRSBP lowering was calculated as follows taking into account the Δ SBP: 

 

RRSBP lowering = PCHD  × (RRCHD
∆ SBP 5⁄ ) + PStroke  × (RRStroke

∆ SBP 5⁄ ) 

 

RRCHD and RRStroke were based on the individual-level meta-analysis.12 The joint risk ratio (RRPolypill) 

for someone fully adhering to a polypill regimen was calculated as follows: 

 

 

RRPolypill = e(log RRSBP lowering+ logRRStatin+ log RRInteraction) 

 

RRInteraction was set to 1, i.e. no interaction, assuming independent effects. 

 

The relative risk of the statin therapy component (RRStatin) was calculated as previously mentioned for 

the guideline strategies. For more details on these input parameters see eTable 4. 

 

Adverse effects of antihypertensive medication and statin use 

Depending on statin therapy and the antihypertensive drug type given to the individual, we applied 

odds ratios to the yearly risk of developing diabetes after converting risks to odds. Odds ratios for 

statins and the various antihypertensive drugs were based on meta-analyses.14 15 In case of multiple 

medications such as given in the polypill strategies or in individuals who required more than one 



 

 6 

antihypertensive drug or a combination of statin and antihypertensive therapy in the guideline 

strategies, we multiplied odds ratios assuming independence. For more details on these input 

parameters see eTable 4. 

 

Program uptake and medication adherence 

We used the cumulative data provided by the NHS to model the uptake of the NHS health check.16 

Based on 2013-2018 (5 year cumulative) data, in total 5,119,140 people were offered a NHS health 

check and 2,450,151 received one, resulting in an uptake of 47.9%. In the base case, we assumed that 

UK Biobank participants would attend the first NHS health check with a rate equal to the national 

uptake: 47.9%. If an individual did not attend the first possible opportunity, we conservatively assumed 

he/she would never attend a subsequent possible health check. We assumed that subsequent risk 

assessment would have a higher uptake based on the uptake of re-screening exams in the NHS Bowel 

Cancer Screening Programme.17 For annual follow up visits in case of diabetes we assumed an uptake 

of 100%. For the polypill scenarios, we assumed that the same individuals who would participate in a 

first NHS health check would also take up the polypill by assigning an indicator variable for uptake per 

random walk.  

 

The chance that upon prescription of preventive medication (statins, antihypertensive medication or the 

polypill) an individual would fail to pick up their pills at the pharmacy was based on data from a large 

electronic medical record database study.18 Once medication was picked up, we modelled the 

persistence in use of statin and antihypertensive therapy based on discontinuation rates evaluated in 

cohort study data.19 20 We assumed the persistence of polypill use would be equal to the use of statins. 

 

In the base case, the treatment effects: RRPolypill , RRHRX, RRStatin and RRHRX + Statin were applied to UK 

Biobank participants who were modelled to be adhering to the chosen regimen with a likelihood based 

on the discontinuation rates from the cohort studies. A tracker variable was assigned per cycle to each 

individual for the first three years to capture drug adherence, while sampling from a binomial 

distribution. Individuals still adherent after the first three years were considered to remain adherent for 

the rest of their life course, an assumption supported by cohort data.21 In the guideline strategies, non-

adherent individuals could potentially be reassessed by their general practitioner and be a candidate for 

prescription again. The literature shows that a small proportion of people who discontinue preventive 

medication may restart again, and it is likely that this would be the case if general practitioners reassess 

the risk and subsequently reinforce medication adherence. Therefore, in the guideline scenarios, we 

modelled that individuals with a prescription indication could restart, however the discontinuation rate 

would be twice as high if the drug were to be prescribed a second time. After a maximum of two 

prescriptions, we assumed that drugs would not be taken up again after becoming non-adherent and 

also the attendance to risk assessment became zero. For more details on these input parameters see 

eTable 4. 

 

Costs 

The costs of risk assessment in the guideline strategies were based on the costs of the NHS health 

check needed to organise risk assessment aimed at determining an individual’s 10-year QRISK. Risk 

assessment performed by the general practitioner consisted of costs of a doctor’s visit and lipid panel. 

Costs of a one-time appointment with the general practitioner were assigned to the polypill strategy if 

the individual accepted the invitation for the polypill. For diabetes patients, we assumed that yearly 

cardiovascular risk assessment can be integrated into the annual health exam of diabetes status with no 

extra costs other than the costs of a lipid panel. 

  

Costs involved with initiation of antihypertensive and statin therapy were based on a previous 

economic analysis of the NHS vascular checks and inflated to 2012-2013 costs using UK health and 

social care price indexes.22 Costs of annual review of medication use by the general practitioner was 

taken into account for those being adherent. If these individuals were to undergo the recommended 5-

yearly cardiovascular risk assessment, the cost of the cardiovascular risk assessment would be reduced 

to a lipid panel assuming that the other measurements could be integrated in the same doctor’s 

appointment. Annual costs for antihypertensive medications and atorvastatin were based on the British 

National Formulary,23 the annual cost of the polypill was based on the price reported on Polypill.com.24  

 

All costs for the hospitalization of events were based on the NHS’ National Schedule of Reference 

Costs 2012-13.25 Health care costs associated with the follow-up and secondary prevention in 

individuals who survived CVD were based on previous cost-effectiveness analyses with a UK health 



 

 7 

system perspective and inflated to 2012-2013 costs. Gamma distributions were used to explore the 

parameter uncertainty associated with these costs. For more details on the cost input parameters see 

eTable 5. 

 

Quality of life  

All utility values were based on the EuroQol 5 dimensions (EQ-5D) instrument as recommended for 

the NICE base case.26 We used a multivariable model based on EQ-5D data from 26,679 individuals 

recruited from the UK general population to model most health state utility values.27 This model takes 

into account age, gender, history of angina, myocardial infarction or stroke, and time since the CVD 

event. If relevant, utilities of pill use, diabetes and TIA were multiplied with the value based on the 

multivariable model assuming independence. The utility values after a TIA were based on EQ-5D data 

of TIA patients recruited in the Oxford Vascular Study.28 The utility of diabetes mellitus was based on 

EQ-5D data from the UKPDS study.29  

 

There have been limited studies assessing the disutility of preventive pill use with the perception that it 

should be continued for a lifelong period. One recently published study however conducted a survey on 

the disutility of an idealised preventive pill within a random sample of 360 individuals from the general 

population of London.30 The gain in life expectancy needed to make daily preventive medication 

worthwhile ranged from 1 day to >10 years of life with a median of 6 months. Because benefits were 

framed as a gain in life, using time-trade off methods disutility can be estimated as: gain in life 

expectancy needed divided by the total life expectancy without pill use. We therefore calculated 

disutility of pill use as 6 months / average life expectancy of the study population using UK 2010-2012 

life tables. This resulted in an average pill disutility of 0.01144, a value very similar to the disutility 

values estimated in a recent US study.31 

 

Onetime disutility values for hospitalization during CVD events were based on length of stay data as 

reported in Hospital Episode Statistics for England.32 We assumed that after being hospitalized, the 

quality of life would slowly return to a higher value and that the total decrement in quality of life 

would be approximated by the mean length of stay in years (length of stay in days divided by 365.25). 

If a CVD event occurred this decrement was subtracted from the total accrued quality-adjusted life 

years using a negative signed transition reward. For more details on the quality of life utility 

parameters see eTable 5. 

 

Threshold and scenario analyses  

In threshold analyses, we evaluated the effect of varying the disutility of preventive pill use, annual 

polypill costs, and the relative risk of developing diabetes related to statin in order to identify threshold 

values where the optimal decision would change.  

 

In scenario analyses, we modelled that the chance of attending each possible risk assessment in 

individuals with diabetes would be the same as in those without. Second, we changed the age at which 

risk assessment would be stopped in the guideline scenarios: age 85 for the old guideline and age 75 for 

the current and alternative guideline scenarios. We also assumed a scenario that no statins in elderly 

would be prescribed. Third, we modelled scenarios with 1) an uptake of 100% for all possible risk 

assessments, 2) assuming 100% treatment adherence, and 3) assuming 100% uptake of all possible risk 

assessments and treatment adherence. Fourth, we modelled a higher uptake of prevention programs for 

individuals with an age ≥ 55 using and odds ratio of 2 based on previous research about the uptake of 

the NHS Health Check program.33 34 To estimate the baseline odds of an individual aged < 55, we fitted 

a logistic regression model within 259,146 asymptomatic UK Biobank participants using a hypothetical 

dependent variable ‘uptake’ of 47.9%, the base-case uptake proportion. Within this logistic model we 

included an offset variable indicating the log odds ratio for those ≥ 55. The estimated parameter was 

used as the baseline odds. Finally, we evaluated the incremental cost-effectiveness of polypill scenarios 

in which prescription of the polypill would be restricted to those with a systolic blood pressure ≥ 120 

mmHg, ≥ 130 mmHg, and ≥ 140 mmHg at ages of eligibility.  
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eTable 1. Comparison of baseline characteristics.  

 UK Biobank 

(n=240 072) 

QResearch 

(n=2 343 759) 

HSE 

(n=5 621) 

Age (years) 55.1 ± 8.1 48.1 ± 14.3 51.7 

Male gender 103 481 (43.1%) 1 153 914 (49.1%) 48.1% 

Smoking status    

Non-smoker 117 897 (49.1%) 1 176 386 (56.4%) 47.2% 

Former smoker 92 551 (38.6%) 356 697 (17.1%) 30.9% 

Light smoker (<10 cigarettes/day) 14 209 (5.9%) 142 369 (6.8%) 5.9% 

Moderate smoker (10-19 

cigarettes/day) 

8 539 (3.6%) 175 419 (8.4%) 8.6% 

Heavy smoker (≥20 cigarettes/day) 6 876 (2.8%) 136 202 (6.5%) 7.4% 

Ethnic group    

White or not recorded 227 437 (94.7%) 2 229 834 (95.1%) 92.2% 

Indian 2 694 (1.1%) 22 598 (1.0%) 1.8% 

Pakistani 750 (0.3%) 11 137 (0.5%) 0.9% 

Bangladeshi 95 (0.0%) 6 432 (0.3%) 0.4% 

Other Asian 833 (0.3%) 12 581 (0.5%) 1.0% 

Caribbean 2 119 (0.9%) 13 454 (0.6%) 1.2% 

Black African 1 515 (0.6%) 20 801 (0.8%) 0.9% 

Chinese 751 (0.3%) 5 915 (0.3%) 0.5% 

Other 3 878 (1.6%) 21 007 (0.9%) 1.0% 

Type 2 diabetes 2 015 (0.8%) 40 504 (1.7%) 1.8% 

Clinical values    

Body mass index (kg/m2) 26.8 ± 3.9 26.1 ± 4.5 27.2 

Total cholesterol to high-density 

lipoprotein (HDL) cholesterol ratio 

4.1 ± 0.4 4.2 ± 1.3 4.0 

Systolic blood pressure (mmHg) 135.9 ± 18.2 131.9  ± 20.5 128.0 

Asymptomatic UK Biobank participants aged 40-69 from England and Wales are compared with 

Health Survey England (HSE) participants aged 40-69 and QResearch participants aged 30–84 years. 

Data are presented as mean ± standard deviation for continuous variables and as frequencies (%) for 

categorical data. For HSE only means and % adjusted for sample weighting are shown. Smoking status 

in QResearch participants was calculated for 2 086 173 with recorded data. 
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eTable 2. Comparison of predictions by the UK-PROMISE model with the QRISK lifetime risk 

calculator. 

 10 year CVD risk 

(%)  

20 year CVD 

risk (%) 

30 year CVD 

risk (%) 

Lifetime CVD 

risk (%) 

UK-PROMISE 7.0 16.8  26.3  34.0 

QRISK Lifetime risk 

calculator 

7.0 16.7 26.2 34.0 
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eTable 3. Decision making algorithms for antihypertensive therapy. 

Ethnicity Age at 

visit 

Target systolic 

blood pressure 

Step 1 

medication 

Step 2 

medication 

Step 3 

medication 

Non-black  Age < 55 below 140 mmHg angiotensin 

receptor 

blocker 

angiotensin 

receptor 

blocker + 

calcium 

channel 

blocker 

angiotensin 

receptor blocker + 

calcium channel 

blocker + diuretic 

Non-black  Age ≥ 55 If age ≥ 80: below 

150 mmHg 

If age < 80: below 

140 mmHg 

calcium 

channel 

blocker 

angiotensin 

receptor 

blocker + 

calcium 

channel 

blocker 

angiotensin 

receptor blocker + 

calcium channel 

blocker + diuretic 

Black Caribbean 

and black African 

Any If age ≥ 80: below 

150 mmHg 

If age < 80: below 

140 mmHg 

calcium 

channel 

blocker 

angiotensin 

receptor 

blocker + 

calcium 

channel 

blocker 

angiotensin 

receptor blocker + 

calcium channel 

blocker + diuretic 
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eTable 4. Base-case model input parameters.  

Parameters Data (95% CI) References 

Annual CVD incidence QRISK dependent  Hippisley-Cox J et al.2  

Annual non-CVD mortality QRISK dependent Hippisley-Cox J et al.2 

Annual diabetes incidence  QDScore dependent Hippisley-Cox J et al.3 

Proportion of coronary heart 

disease vs. cerebrovascular disease 

conditional on cardiovascular 

disease   

Ethnicity dependent Hippisley-Cox J et al.4  

Proportion of myocardial 

infarction vs. angina conditional on 

coronary heart disease  

Age and gender dependent Wood et al.5 

Probability of stroke vs. TIA 

conditional on cerebrovascular 

disease 

Age dependent Rothwell et al.6  

30-day case fatality myocardial 

infarction 

Age and gender dependent Smolina et al.7 

30-day case fatality stroke Age dependent Rothwell et al.6  

Hazard ratio for all-cause 

mortality after angina 

Time since angina 

dependent 

Rosengren et al.35  

Hazard ratio for all-cause 

mortality after myocardial 

infarction  

Time since MI dependent Rosengren et al.35  

Rate ratio for all-cause mortality 

after stroke 

Time and gender 

dependent 

Bronnum-Hansen et al.36  

Hazard ratio for all-cause 

mortality after TIA 

1.127 (0.884 to 1.438) Patel et al.37 

Risk ratio for development of 

coronary heart disease if on statins 

0.73 (0.67 to 0.80) Taylor et al.13 

Risk ratio for development of 

cerebrovascular disease if on 

statins 

0.78 (0.68 to 0.89) Taylor et al.13 

Hazard ratio for development 

coronary heart disease per 5 

mmHg decrease in systolic blood 

pressure 

0.896 (0.832 to 0.965) The Blood Pressure Lowering 

Treatment Trialists’ 

Collaboration12 

Hazard ratio for development 

cerebrovascular disease per 5 

mmHg decrease in systolic blood 

pressure 

0.853 (0.801 to 0.908) The Blood Pressure Lowering 

Treatment Trialists’ 

Collaboration12 

Odds ratio for development of 

diabetes if on statins 

1.09 (1.02 to 1.17) Sattar et al.14  

Odds ratio for development of 

diabetes if on angiotensin receptor 

blocker 

0.84 (0.70 to 1.00) Elliott et al.15  

Odds ratio for development of 

diabetes if on calcium channel 

blocker 

1.05 (0.90 to 1.24) Elliott et al.15  

Odds ratio for development of 

diabetes if on diuretic 

1.34 (1.12 to 1.60) Elliott et al.15  

 

Uptake first opportunity NHS 

health check 

0.479 (0.478 to 0.479) NHS16 

Proportion ‘consistent screeners’ 

vs. ‘dropouts’ 

0.873 (0.869 to 0.876) Lo et al.17 

Uptake subsequent health check if  

a ‘consistent screener’ 

0.945 (0.943 to 0.948) Lo et al.17 

Uptake subsequent health check if  

a ‘dropout’ 

0.598 (0.583 to 0.612) Lo et al.17  
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Uptake preventive medication 

prescription 

0.846 (0.841 to 0.851) Cheetham et al.18 

Persistence antihypertensive drugs Time since prescription 

dependent 

Van Wijk et al.20 

Persistence statins Time since prescription 

dependent 

S. Perreault et al.19 

Hazard, odds and rate ratios were assumed to follow a lognormal distribution, proportions were 

assumed to follow a beta distribution.   
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eTable 5. Base-case model inputs for costs and quality of life values.  

Costs (2012/2013 UK pounds) Mean (95% CI) References 

Hospitalisation/immediate costs 

angina 

£577 (377 to 820) NICE38 

Hospitalisation/immediate costs MI £3 371 (2 201 to 4 789) NICE38 

Annual costs CHD if no diabetes £339.16 (221 to 482) Ara et al.39 

Annual costs CHD if diabetes £587.03 (227 to 834) Ara et al.39 

Hospitalisation/immediate costs 

stroke 

£3 089 (2 017 to 4 388) NICE38 

Annual costs stroke if no diabetes £2 612.15 (1 706 to 3 711) Ara et al.39 

Annual costs stroke if diabetes £4 626.58 (3 021 to 6 572) Ara et al.39 

Hospitalisation/immediate costs 

TIA 

£648 (423 to 920) NICE38 

Annual costs TIA £328.55 (215 to 467) Ward et al.40 

Annual costs diabetes £184.43 (120 to 262) Ara et al.39 

Annual costs polypill  £382.64 (N/A) Polypill.com24 

Annual costs atorvastatin 20mg  £16.44 (N/A) British National Formulary23 

Annual costs angiotensin receptor 

blocker: Ramipril 10 mg 

£15.52 (N/A) British National Formulary23 

Annual costs calcium channel 

blocker: Amlodipine 10 mg 

£12.26 (N/A) British National Formulary23 

Annual costs diuretic: Indapamide 

modified release 1·5 mg 

£41.40 (N/A) British National Formulary23 

Costs assessment for 

antihypertensive medication NHS 

health check 

£39.52 (26 to 56) DH41 

Costs assessment for statins NHS 

health check 

£24.15 (16 to 34) DH41 

Costs appointment with primary 

care physician 

£34 (22 to 48) NICE38 

Costs medication and annual 

health exam if diabetes 

£186.43 (120 to 262) Ara et al.39 

Costs NHS health check 

administrative staff time 

£5.09 (3 to 7) DH41 

Costs NHS health check healthcare 

assistant time 

£6.32 (4 to 8) DH41 

Costs NHS health check nurse time £8.19 (5 to 11) DH41 

Costs lipid profile  £2 (1 to 3) NICE38 

Quality of life values   

Baseline EQ-5D value  0.95698 (0.93994 to 

0.97420) +  

0.02465 (0.01929 to 

0.02990) x Male gender  

-0.00085 (-0.00163 to -

0.00007) x Age 

-0.00002 (N/A) x Age2 

 

Ara et al.27  

History of CVD: EQ-5D value 

decrement 

-0.00020 (-0.00079 to 

0.00039) x Age  

Ara et al.27  

History of angina, first year: EQ-

5D value decrement 

-0.17265 (-0.22523 to -

0.12096) 

Ara et al.27   

History of angina, subsequent -0.01841 (-0.07124 to Ara et al.27   
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years: EQ-5D value decrement 0.03464) 

History of MI, first year: EQ-5D 

value decrement 

-0.08649 (-0.17461 to 

0.00026) 

Ara et al.27   

History of MI, subsequent years: 

EQ-5D value decrement 

-0.05956 (-0.11370 to -

0.00692) 

Ara et al.27   

History of stroke, first year: EQ-5D 

value decrement 

-0.16095 (-0.22642 to -

0.09552) 

Ara et al.27 

History of stroke, subsequent 

years: EQ-5D value decrement 

-0.12559 (-0.17746 to -

0.07519) 

Ara et al.27   

History of TIA, first year 0.780 (0.750 to 0.808) Luengo-Fernandez et al.28  

History of TIA, subsequent years 0.800 (0.769 to 0.829) Luengo-Fernandez et al.28 

History of diabetes 0.771 (0.697 to 0.836) Gillies et al.29  

On preventive medication 0.989 (0.978 to 0.999) Fontana et al.30  

Transition reward angina -0.008 (-0.048 to -0.000) Hospital Episode Statistics 

for England32 

Transition reward MI -0.019 (-0.082 to -0.001) Hospital Episode Statistics 

for England32 

Transition reward TIA -0.008 (-0.047 to -0.000) Hospital Episode Statistics 

for England32 

Transition reward stroke -0.045 (-0.246 to -0.001) Hospital Episode Statistics 

for England32 

Costs were assumed to follow a gamma distribution. EQ-5D regression coefficients were assumed to follow a 

normal distribution. Quality of life values of TIA and diabetes were assumed to follow a beta distribution, transition 

rewards a lognormal distribution. For the quality of life value of being on preventive medication a uniform 

distribution was used.   
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eFigure 1. State transition diagram of the UK-PROMISE model.  

 

 

CVD=cardiovascular disease; DM=diabetes mellitus; MI=myocardial infarction; TIA=transient ischemic attack.  
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eFigure 2. Life expectancy predicted by the UK-PROMISE model and 2010-2012 UK life tables.  

 

 
Life expectancies are compared in five equally sized groups based on quintiles of the life expectancy predicted by 

the UK-PROMISE model. 
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eFigure 3. Cost-effectiveness graph of results starting the polypill including ages beyond age 60.  

 

Costs (in UK pounds) and quality-adjusted life-years (QALYs) are means in the UK Biobank study population. A 

grey shaded area indicates that the scenario has been eliminated by extended dominance. Extended dominance 

implies that the program is less costly than the next not absolutely dominated program, but also has a larger 

incremental cost-effectiveness ratio (ICER) than this next program. 
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