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This section discusses the data collected as part of a screening study that followed the

N

collection of data from practice information systems (full description of electronic data A‘\Q
collection is described in appendix 1). @
Background

The results from this study, combined with the findings from practice informatiq %ems
QSO who

would benefit from treatment to lower CVD risk according to current gui s. The data

provide an accurate assessment of the proportion of people in primary care ag

will primarily be used to populate the economic modelling study. \

Methods ‘\Q

Practice information data was used to identify patients ag *+ who have unknown CV risk,
including those on treatment for either raised cholester raised blood pressure in whom
there is not sufficient information to calculate a ris e (to judge whether they should

receive additional treatment). These patients gmen invited to attend their practice for a
screening assessment using standard lett atient information sheets. One reminder
was sent to non-responders two weeks¥pllowing the initial invitation. A short covering letter
in a variety of languages was also sen&the invitation. This briefly summarised the study
for those in whom English is not tl‘@st language, and encouraged them to speak to
someone who can help them rstand the study information. For patients attending

screening, the practice’s u L@(ansIation/interpretation processes was used.

The screening asses@t appointment was held at the patient’s surgery and was carried
out by researchom\@s. During this appointment the nurses:

1. d@lned informed consent;
ook systolic and diastolic BP measurements in a standardised way;

Q\OS Measured total, HDL and LDL cholesterol, glucose and creatinine using near

‘\Q patient testing devices;

4. Carried out an assessment of medical history, including questions relating to CV
risk factors (such as smoking status); existing CV disease; and questions related
to the national screening programme (such as family history of CVD and
ethnicity);

5. Performed an ECG on patients who have no record of left ventricular

hypertrophy on computer reports;



*

L&

Measured waist circumference

L N O

about Medicines Questionnaire (BMQ); and a questionnaire on personal costs of

attending the clinic

Results

Population characteristics

From the nine screening practices there were 12416 patients aged 50 years and o
had an unknown cardiovascular risk score and were eligible for inclusion in the

Measured height and weight and calculated body mass index

Calculated CV risk score (high risk patients were referred to their GP;

Requested that patients in the existing or high risk groups complete the Beliefs

study. Of those invited to screening 2642 (38.6%) attended the appoint

were predominantly female with a mean age of 62 years and a mean ;&@
128/78mmHg, all characteristics are summarised in table 1. There w, QKkOZl patients who
had both a baseline and screening blood pressure measuremen
for these patients there was a significant difference betwee@a
extracted from patient records at baseline, 136/80mmH @

obtained at the screening appointment, 129/78mmHg (

Table 1: Characteristics of patients who attende
presented as mean (SD) unless otherwise stat@

e
.001).

screening appointment, all values

@Iable for comparison,

mean measurement

blood pressure readings

N
.\@

&

Characteristic Screening
Population (n) attended for screening 2642
Age (years) 62 (8.7)
Sex (% Male) 43.6
SBP (mmHg) 6 128 (18.3)
DBP (mmHg) 78 (10.1)
Total cholesterol (mmol/Lw 5.5(1.1)
HDL cholesterol (mmo 1.4 (0.4)
LDL cholesterol (m 3.3(0.98)
Total cholestero 4.3 (1.7)
Glucose (mmo, 6.3 (1.95)
Creatinine 69.1 (19.1)
Smoking
- 13.8
ng 36.4
& Never 49.5
Q— Unknown 0.2
. \ersonal history of Diabetes (%) 0.7
\6 Persgnal hlstory of CKD (‘V?#) 1.4
Family history of CVD (%) 53.9
ECG evidence of LVH (%) 0.8
Waist circumference (cm) 93.5(13.6)
Height (cm) 166.2 (9.9)
Weight (kg) 75.4 (13.4)
BMI (kg/m?) 27.2 (4.6)

"Angina, MI or stroke in a parent, sibling or child of any age



Based on systolic blood pressure measures alone approximately twenty five percent of
screened patients would at least require further monitoring (home or ambulatory blood
pressure monitoring) and investigation (to determine 10-year cardiovascular risk and end
organ damage): 5.9% had a systolic blood pressure greater than or equal to 160 mmHg and
18.5% had a systolic blood pressure between 140-159 mmHg (table 2). When systolic blood
pressure was analysed in the context of 10-year cardiovascular risk groups 15.68% of
patients were potentially eligible for pharmacological treatment: 5.95% had stage 2
hypertension with a systolic blood pressure greater than or equal to 160 mmHg and 9.73% @
had a systolic blood pressure between 140-159 mmHg and were either known to have K
established cardiovascular disease or were at high risk of developing cardiovascular e
over the next 10-years (table 3). @

Table 2: Percentage of patients potentially eligible for pharmacological th y oefurther

monitoring on the basis of systolic pressure \

Systolic BP (mmHg)  Percentage of screened patients @9

<120 75.6 X
140 — 159 18.5 \
>160 5.9 /'OQ

7

Table 3: Percentage of patients potentially eIigib@Qpharmacological therapy on the basis
of CVD risk group and systolic blood pressure @

rdio cuiar risk group

Ca
Systolic BP Known h risk Low risk Unknown
group CVD Q risk
<140 117 & 149 58.80 0.68
140-159 0.42 9.31 8.67 0.08
>160 0.230 4.28 1.40 0.04
10-year cardiovas Qrisk
At baseline 1 f patients were known to have cardiovascular disease: 10.6% with CHD;
nd 4.7% with previous stroke or TIA (note these are not mutually exclusive).

3.4% with

Of the gdjViduals screened 1.3% had known cardiovascular disease, this includes any with
k gnoses not documented in the general practice records but elicited by the

. Q&rch nurse at the screening appointment and those who received a diagnosis of CVD
tw

een the GP records search and the screening appointment.

*
Q\g Searching routine GP data identified 30.7% of the population required intervention: 16.4%
& with known cardiovascular disease eligible for secondary prevention therapy and 14.3% at

high risk for CVD eligible for primary prevention. Of the screened population 37.1% were
eligible for primary (20.4%) or secondary (16.7%) prevention (table 4



). Table 5 summarises the change in prevalence for the entire eligible population following
screening.



Table 4: Percentage of the screening population in each CVD risk group

Framingham 10 year risk group (%) Screening population

Known CVD 1.3

High Risk (>20) 28.7

Low Risk (<20) 69.2

Unknown risk 0.8

Table 5: Percentage of patients eligible for pharmacological intervention on the basis of . ®$
known cardiovascular risk scores at baseline and baseline plus screening A\
Framingham 10 year risk Baseline Baseline + Screening Kw
group (%) g

Known CVD 16.4 16.7 @

High risk (>20) 14.3 20.4 @

Low risk (<20) 14.1 28.7 Q

Unknown risk % 55.2 342

+ Adjusted for ethnicity and family history of premature CHD \V

If we assume that those with unknown cardiovascular risk scores o did not attend
screening are the same as those who did attend screening it is | é@le to estimate the
overall population prevalence of cardiovascular disease and CVD risk. When
combining known risk scores with assumed scores almo of this population would be

cardiovascular disease and 30% of patients with

potentially eligible for pharmacological intervention jgclutfing 17% of patients with known
@-year cardiovascular risk (table 6).

Table 6: Percentage of patients eligible fog@ cological intervention on the basis of
known cardiovascular risk scores and a values for those with unknown risk scores

Framingham 10 year risk group Percentage
Known CVD Q"’ 17

High Risk (>20) 6 30

Low Risk (<20) % 53
Unknown risk N\ 0

+ Adjusted for ethnic'&rﬁ family history of premature CHD
*
Discussion\\O

As previg, ated, the primary use of the data collected for this screening project is to
carry o{it & cost effectiveness analysis of primary prevention in people with unknown CV risk.
T re, discussion around these findings can be found in the paper on this analysis.



Cost-effectiveness analysis of primary prevention of cardiovascular disease with a
polypill for all versus screen and treatment as per guidelines in a population with

unknown cardiovascular (CV) risk
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Paper in preparation. . @

Introduction @A
<

Although a number of clinical trials have been or are currently being conducte@'\th
regards to the clinical effectiveness of a fixed- dose polypill, there are ver @
published cost-effectiveness analyses concerning the use of a ponpiIbQimary
prevention population. Franco et al (2006) used decision modeIEQgt%vconsider the
price at which a polypill would be cost-effective for differgn&brofiles.1 Again
using decision modelling, van Gils et al (2011) compare&@& different polypill
options (with prior opportunistic screening for CV rj ith usual care for a Dutch
population, and found all options to be cost—eff@ve. 2 However, in essence, the
original proposal of the potential role of a il was of its use in an unscreened
population.? There have been no cos{a?@tiveness analyses to date of using a
polypill without prior cardiovasc @creening and comparing that strategy to usual
care, which in the UK is currqu o offer health checks and treating those identified

to be at raised cardio% risk according to national guidelines.

.\OQ
The aim of t@&lowing study was therefore to estimate the cost-effectiveness of
treati atients aged 50 and over with unknown cardiovascular risk with a
p&@ compared with screening for cardiovascular risk and treating with statins and
tihypertensives as per clinical guidelines. Decision modelling was undertaken and
.

\% utilised patient-level data with information on 10-year cardiovascular risk from a

’@ large-scale primary care cardiovascular screening study

Methods



A Markov cohort model, built in TreeAge Pro, was developed to estimate the cost-

effectiveness of primary prevention with a polypill strategy compared with screening

for cardiovascular (CV) risk and treating as per guidelines. The model considered

patients aged 50 and over with unknown CV risk and no history of CVD, who were ‘\®$

S
\
%)

The model considered patient lifetime with a monthly time cycle to take&ccount

not on statins or antihypertensive therapy.

early (short-term) changes in compliance with treatment. All patient rtdd the
model in a well health state and on no treatment. Patients coul qo%% to other
health states in the model, dependent on whether they had screened and were
receiving treatment. Once a CV event occurred, they e'\@ d from this event, or
remained in this health state and incurred costs an duction in quality of life as
assigned to that disease state until death (Fig . The CV events included in the
model are stroke, myocardial infarction I\@angina, heart failure and peripheral

vascular disease (PVD). All base—casgq? | inputs are shown in table 1.

QO

S

The polypill strategy of a pill a day containing a statin (40mg simvastatin)

and three antihype@sives at half-dose (12.5mg hydrochlorothiazide, 5mg

lisinopril, 2.5m0¢ odopine). An initial polypill take-up rate of 50% was assumed,

with a fur 6% who agreed to take the drug then discontinuing by 12 weeks

(TIPS,K . The guideline strategy considered primary care-based screening to
ine ten-year CV risk and baseline blood pressure for each patient and

*

\ebsequent treatment dependent on NICE guidelines (NICE, 2008, 2011).° ©
Q‘\ Screening occurred in the first month and every five years thereafter (for patients
& who were CV event-free and on no treatment) until the age of 75. For the 75 and
over age group, it was assumed they would be screened only once. The screening
uptake rate was set at 50%, in line with the rate of uptake found in the screening

study. Screened patients were then allocated the appropriate treatment regimen.



Statin therapy (simvastatin 40mg) was assumed to be prescribed if CV risk was 20%
or higher. Antihypertensives were assumed to be prescribed if BP was greater than
160/100mm/Hg but CV risk less than 20%, or if BP was greater than 140/90mm/Hg
and CV risk was 20% or greater (NICE, 2011).° The average number of full-dose
antihypertensives required to reach a target systolic BP of 140 mm/Hg was
calculated using tables presented by from Law et al (2009). ” The tables provided
information on the level of BP lowering expected from a range of starting BPs for @
one, two and three full and half dose antihypertensives. The information requireq
for each patient subgroup was the starting systolic BP and the degree of BP, ring
required from that starting BP to reach the 140mm/Hg target. Linear inthIation
was employed to firstly determine the level of lowering expected f pecific
starting BP for all drug quantities, then interpolate number o @gs required to
achieve a specific level of lowering. The tables also proyj ¥ formation on the
estimated risk reduction for CHD and stroke for 10- nge groups. The class of
antihypertensives prescribed were assumed to ®&an equal split between a diuretic
(indapamide 2.5mg) and calcium channel @r (CCB) (amlodopine 5mg) for the
first drug, an ACE inhibitor (ramipril Srwr the second drug and an equal split
between a diuretic and CCB for th@’\ﬂ—line therapy. An assumption was made that
88% of patients complied wit e@ypertensive therapy (Hansson, 1989).% The
effectiveness estimate fo ins took into account 85% compliance whilst taking the

drug (Heart Protecti§ dy, 2002).° Cost of treatment was still incurred even if
y.

atients did n I
p 0\@1
>

&
T xel was run for eight separate age and gender cohorts (50-59, 60-69, 70-74,
‘\@and over). Patient level data on age, gender, blood pressure and ten-year CV risk
‘\% was obtained from a screening study undertaken in 10 practices in the West
&Q Midlands. This allowed the stratification of patients in each age/gender cohort into
four CV risk subgroups, which were required for determining the correct treatment
(post-screen) as recommended by the lipid and hypertension guidelines. Ten year CV

risk was calculated using the Framingham equation (Anderson, 1991)."° The sub-

groups were i) CV risk <20%, BP <140/90 mm/Hg (no treatment with guidelines); ii)



CV risk >220%, BP<140/90 mm/Hg (statin only); iii) CV risk 220%, BP > 140/90 mm/Hg

(statin and antihypertensives) and iv) CV risk <20%, BP > 160/100 mm/Hg

(antihypertensives). The appropriate CV risk and effectiveness of interventions were

applied according to the risk sub-group in each age/gender cohort. Each risk sub-

group was characterised by a mean age, BP and CV risk (Table 2). $
N,

In order to take account of the increase in BP and CV risk with age, a new BP wa&KQ

calculated after five years and for every ten years thereafter up to the age or

each patient in the screening data set. The increase in BP with age was t@n from

the Health Survey for England 2003 (Department of Health, 2004). ew ten-year

CV risk was also calculated at each time point taking into acco@l creased BP and

*
age. The new proportion in each CV risk group was the% ined for each time

&

o)

Ten-year CV risk was split between fiv le events (stroke, MI, angina, heart

point.

failure and PVD). The weight attrib ’\oto each type of event was determined by CV
risk profiles measures within th@ﬁmingham study, with intermittent claudication
as a proxy for PVD (D'Agowg,zoos;).“ Coronary heart disease (CHD) was then sub-
divided into Ml and ar& using data on the breakdown of CHD events (Wood,
2004).2. The tgn@QCV risk for each event type was subsequently converted into a
monthly pr itty, calculated at an individual patient level in order that a mean
probabi d distribution for each sub-group (taking into account age, gender and
C r@ b-group) could be entered into the model. In the event of a stroke, Ml or

*@rt failure, there was a risk of death from that event.

0\6
Gender-specific life tables were used to determine the probability of death at all

ages (ONS, 2013)." The risk of death was adjusted to ensure there was no double

counting of CVD death, using mortality statistics data on the proportion of deaths by



CVD causes (ONS, 2012)." There was an increased risk of death once in a CV event

health state, which was applied to the adjusted probability of death.

Effectiveness $

.
Effectiveness estimates for statins were taken from a meta-analysis of statins trials,® A\
taking into account 85% compliance with treatment (Heart Protection study, ZOOZ)KQ
with non-coronary vascularisations used as a proxy for PVD. The estimates for@

reduction in CHD and stroke risk with antihypertensives were taken fro@a—

analysis of BP lowering trials (Law, 2009).” As previously described tI@a the

estimated reduction in risk for stroke and CHD events for a ran ot%’re—treatment

BP values, drug number and dose and age range. The estim@é&r reduction in CHD

risk were assumed to apply for MI, HF and angina. In t Nill strategy, for three
half-dose antihypertensives, the risk reductions wefgsyiterpolated for the starting

systolic BP for each age/gender and CV risk s@m. For the guidelines strategy it

was assumed optimum BP control was a r@c ion in systolic BP to 140mm/Hg. The
average number of drugs required t&c@ve this reduction was interpolated, again

for each age/gender subgroup a propriate CV risk subgroup. Estimates for

reduction in risk for PVD we@stlmated from the Framingham risk calculator for

PVD in Murabito (199 7%is provided risk reductions for moving to a lower SBP

“risk” group (normg;\gigh normal, stage one hypertension, stage two hypertension)

with a reduct%gisk only applied if a reduction in SBP moved someone from one

SBP gro@other. For both treatment options, where patients were taking

statins(a antihypertensives, the effectiveness of the treatments were assumed to

{Tdependently i.e. multiplicatively.

A\
N

L&

Outcome measures and costs

Outcomes were measured in quality-adjusted life years (QALYs) and costs from a UK
NHS and personal social services (PSS) perspective. A baseline value was given for

quality of life and, related to age and gender (NCSR, 2006).' Utility values were



given for all health states. When a CV event occurred within the model, the health
state value for that event was applied. Values were applied multiplicatively;
therefore the value for the state of the clinical event was multiplied by the value for

the age. No reduction in quality of life was assumed for any of the drugs in the base-

case analysis. $
.\@

<

Table 1 shows all the costs included within the model. As there is no estimate KK

available for a proposed cost of a polypill, we assumed a cost of approxima a

day, thus giving £30 a month. Additional costs associated with the ponpTQrategy

were an initial GP visit and blood test in the first month, with an a practice

nurse visit and blood test annually thereafter. It was assumed @ he cost of the

polypill would only apply to those patients who agreedt ¢ the polypill, 50% in

the first three months, and 42% after three months aéwas assumed a further 16%

discontinued the treatment). In the guidelines s@%, screening of patients to

determine cardiovascular risk was set at E@@ the cost calculated for vascular

checks, updated to 2011/12 prices." Th@)st was multiplied by the uptake rate of

screening, therefore assuming onh@\ts were incurred if screening was attended.

The most commonly prescribed eric antihypertensive in each class (indapamide,

amlodopine, ramipril) an tatin simvastatin were assumed for costing purposes

for guideline directed&ment. Patients treated with antihypertensives were

assumed to haye@ verage of four consultations (mix of GP and practice nurse) per

year for a b@pressure check and an annual blood test.?° One-off acute costs of CV

events @obtained from published costing studies and NHS Reference costs and

Ic@%‘n costs for health states were from published work.
. Q

0\6
,@ Analysis
An incremental cost-utility analysis was undertaken to determine the cost-

effectiveness of a polypill in primary prevention compared with screen and treat as

per guidelines. Future costs and QALYs were discounted at the rate of 3.5%.%" Costs



were in UK £ for 2011/12. Deterministic sensitivity analysis around key parameters
was undertaken. Alternative costs of the polypill, CV screening, acute and chronic CV
events and the impact of changing the assumptions concerning the proportion
screened, frequency of screening and initial take up of and compliance with
treatment were explored. Further analyses were undertaken to assess the impact of
reducing quality of life on treatment, shortening the time horizon, reducing CV risk
and reducing the effectiveness of the polypill. Where available, data were entered @
into the model as distributions in order to fully incorporate the uncertainty arou&j
parameter values in order that a probabilistic sensitivity analysis (PSA) coul
undertaken. A log-normal distribution was used for all risk reductions an
standardised mortality ratios after CV events, a beta distributior;&)' event
probabilities, risk of death from CV events and compliance wj (s’reening anda

N

gamma distribution for acute and long-term costs The@ s run with 10,000
simulations and cost-effectiveness planes and acce%&ty curves were produced.

Q
®®

Modelling results \Q
N

The base-case analysis for all ei mary prevention subgroups demonstrated that
a polypill is likely to be cost—%ctive compared with screening for cardiovascular risk
and treating as per gui @s, with the incremental cost-effectiveness ratios (ICER)
ranging between EQQO and £18,000 per QALY gained (Tables 3 and 4). The polypill
was the most@ffective in the male 50-59 group (£8,115 per QALY gained), and
least co%(&ive for the oldest male age group (75+) (£18,438 per QALY gained).
The re§uMs of the probabilistic sensitivity analysis support these findings with a 100%
of the polypill being cost-effective for all patient sub-groups except for men

*

\ ed 75+ with a 64% chance of being cost-effective.
0\6
Sensitivity analyses were undertaken to determine the impact on results of changing

values of key parameters, using the males, aged 50-59 subgroup as the reference

case (Table 5). The polypill was no longer cost-effective at the lower NICE threshold



of £20,000/QALY (NICE, 2012) ?*> when the price was doubled, take-up was reduced
to 25% or quality of life reduction on the polypill was 2% or more. In addition, the
results favoured the screen and treat as per guidelines strategy if screening was
annual rather than every five years, the time horizon was reduced to 10 years or
antihypertensive treatment was 50% less effective than in the base case for the

polypill. The model was also sensitive to a 25% reduction in the effectiveness of

antihypertensive medication and statins. In order to still be cost-effective at a @

£20,000 per QALY threshold, the maximum price for the polypill per month was&
approximately £54. @

Q
xO

Discussion 6\'
The findings of the base-case analysis of the decision \emonstrate thata
polypill may be cost-effective option in all patients @%50 and over. However this is
only the case if the price of a polypill is reaso riced and there is a reasonable
level of take-up of the polypill by patients. @@dltlon if an annual check of CV risk
factors were undertaken rather thar\Q/'e 5 years this may also change the result in

the favour of titrating treatmen@rget levels of cholesterol and BP.

,06

This is the first StUdQQ compare the use of a polypill for primary prevention in
people with ug n cardiovascular risk with screening for CV risk and treating as
per cIinﬁaelines, and the work is further strengthened by the use of patient
level d{ n cardiovascular risk. In addition, the model uses conservative treatment
f generic statins and antihypertensives for treatment as per guidelines. In
ality some patients will be on more expensive drugs, thus making the polypill even

more cost-effective.

However, the limitations of this analysis are due to assumptions included in the

model. Firstly, the benefits of the polypill may be overestimated in the model, as the



effects of the two types of drug are assumed to work separately are risk reductions

are applied multiplicatively. The risk reductions for the three half-dose

antihypertensives are derived from the Law (2009) paper and may be over-

optimistic. However, sensitivity analysis shows that even when effectiveness of

statins and antihypertensives are both reduced by 25%, for the men aged 50-59 age $
group, the polypill still remains a cost-effective option. Moreover, the model may ‘\Q
actually underestimate the effectiveness of the polypill as it assumes that if a patie t@
decides not to take up the polypill then they are on no treatment. It may be the{ese

that their GP prescribes a statin and/or antihypertensives instead, dependi the

CV risk factors. The model does not take into account treatment effectinss once a

CV event occurs, and the assumption is made there is no recurr nc’&; CV events.

Again, this may underestimate the cost-effectiveness of a pw which may have

secondary prevention benefits. \Q\
%)

The ideal comparator in economic analyses '@ual care, yet this model does not
include this as a possible option and th ue to the fact that it would be very
difficult to predict how these curre&mtreated patients would be treated in the
future. It is likely that if a usual @ arm was possible, the polypill is likely to be cost-
effective as usual care m ess effective than treatment as per guidelines. A
further limitation is the'Screening study included a small proportion of patients who
were on a statjn @ antihypertensive but for whom information on CV risk was
unknown, a s%ire data used by this model includes the CV risk information for these
patie {@refcre the effectiveness of treatment, either through a polypill or

t as per guidelines, will be overestimated.

,@ In conclusion, this cost effectiveness analysis suggests that a polypill strategy might
be a more cost effective way to prevent cardiovascular disease than identifying and
treating people at high risk of cardiovascular disease by screening for risk factors.

Further empirical work, ideally a trial of polypill against screening, is required, to



determine what role a polypill is likely to play in the prevention of cardiovascular

disease in people of undetermined risk.
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Table 1 General base case model inputs

Values used

Sources

Risk of cardiovascular

disease

Probability of stroke

(10 years)

0.2-10.9%

(age and sex dependent)

Probability of Ml

(10 years)

0.2-16.3%

(age and sex dependent)

Probability of angina

(10 years)

0.3-23.1%

(age and sex dependent)

4

Probability of heart

failure (10 years)

0.1-6.8%

(age and sex depe@ent)

Probability of PVD

(10 years)

P
, CW2-10.9%

Calculated with
Framingham (Anderson,

1991) and risk factor pr%
based on patient Ieve@

\OQ
O

*

)

Event distribution

(% of 10 year CV risk)Q

fb%

(age &ex dependent)
Q
N

Stroke \OQ 16%
Myocard(%@rctlon 24%
Angg\‘ 34%
ﬁ\rt failure 10%
PVD 16%

D’Agostino (2008),

Wood (2004)

Risk reduction with

statins




Stroke

0.80 (95% CI 0.73-0.86)

CTT (2005), HPS (2002)

MI, HF, angina

0.72 (95% CI 0.69-0.76)

CTT (2005), HPS (2002)

PVD

0.85 (95% CI 0.75-0.95)

HPS (2002)

Probability of death

from event

Fatal stroke

0.19

Va
Ward (2007@

Fatal Ml

0.19-0.36 (Men)

0.23-0.40 (Women)

Wa&@ﬂi)
Q

Fatal heart failure

0.17 (r=68, n=396)

\\40\/Iehta (2009)*
G

SMR after stroke

2.72 (95% Cl 2.59-2.85)

4

K num-Hansen (2001)%

SMR after MI

2.68 (95% ClI 2.48-2.91\

ronnum-Hansen (2001)%®

SMR after Heart Failure

2.17 (95% ClI 1.9(-3»41)
<&

de Guili (2005) *’

SMR after Angina

= Y
2.19 (QSW%_ZSB)

NCGC (2010) &

SMR after PVD

Leng (1996)%

Reduction in blood

2.44@% CI1.59-3.74)
O
»

@6

required to achieve
target BP

pressure \Q
Polypill Q 10-24mm Hg (Dependent Law (2009)
,‘\Q on age, sex and risk
&(b "
Tre@t}rget 9-28mm Hg (Dependent Law (2009)
Q‘\ on age, sex and risk
N group)
Number of AHT drugs 1.05-3 Law (2009)

Reduction in CV risk

3



with reduction in BP

Polypill
CHD risk
Stroke risk

PVD risk

20-55%
22-74%
13-32%

(Dependent on age, sex

and risk group)

Law (2009)
Law (2009)

Murabito (1997)

Treat to target

xO

Start of treatment

After 12 weeks
(additional 16

O

o)

Srﬁn
(O
S

Statins

Antihypertensives

N

&

o

0.5

0.42

0.5

0.85

0.88

CHD risk 16-57% \ Law (2009)
Stroke risk 16-69% | « @C) Law (2009)
o))
PVD risk 13-32"/\> Murabito (1997)
(Dependent on a ex
anc@ roup)
A\,
Compliance \
Polypill QO

Assumption

TIPS (2009)

Screening study estimate

HPS (2002)

Hansson (1989)




Quality of life weights

(utilities)

No cardiovascular event

0.704 to 0.869 (age and

sex dependent)

General population utilities
from EQ-5D (UK Tariff)
(NCSR, 2006)®

By definition

Death 0
Quality of life é
multipliers - @
eta
Acute MI €Dper (2008) *°
0.76 (0.018) \t\.
Post Ml C) As above
0.88 (0.018) .\Q)
Acute angina ‘0 As above
0.77 (0.0SS\‘}
Post-acute angina 0.88 % As above
Heart failure &O 020) As above
Stroke \Q As above
O\, 0.63 (0.040)
PVD As above
%Q 0.90 (0.020)
Q©
Costs Q >
O
®5\> £ per month
Simvasﬁ@lOmg 1.27 BNF March 2013%'
Ab@pine 5mg 1.01 BNF March 2013
\dapamide 2.5mg 0.99 BNF March 2013
Ramipril 5mg 1.53 BNF March 2013
Polypill 30 Assumption




CV screening
Blood test
GP visit

Practice nurse visit

Acute events:
Stroke

MI

Angina

PVD

Heart failure

Long-term costs:

Stroke

Mi \Q

Angina . OQ
>

O

o

<
@6

oS

\O@per year

Unit cost
26.35

15

33

11.25
One-off cost
11,020
5,487

3,292

1,971

9
o)

2,721
572
572
302

572

N

DoH (2008)
Ward (2007)"2
Curtis (2012)*
Curtis (2012)
N
<
%)
YG& (2003)*
6\'\53Imer (2002)*
\QAssumed 60% MI cost

NHS Reference costs
2011/12%

Youman (2003)
Cooper (2008)
Cooper (2008)
Cooper (2008)

Cooper (2008)
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Table 2 Patient population, treatment as per guidelines subgroups

N\
.\@

4

AN

Men, age-group (mean age) Mean (SD) 10 year Mean (SD) Systolic BP | Mean (SD) Diastolic \CJProportion at
CV risk BP Q baseline (%)
Fa
50-59 (54.2) 7
o~
No treatment 11.7 (4.1) 121.3 (12.4) . @)80.1 (7.9) 71.6
Statins only 24.8 (4.3) 1253 (84) | Y ¥ 80.1(6.2) 13.8
N
Statins and antihypertensives 28.9 (8.4) 155.0 (15.7) 12 94.8 (9.2) 13.1
Antihypertensives only 14.7 (4.1) 15 1) 102.9 (8.4) 1.5
60-69 (63.8) Q
A
No treatment 14.2 (3.2) (\\J 117.5 (11.6) 75.0 (7.8) 40.9
i ~
Statins only 27.2 (7.0)2;0 126.7 (9.2) 78.4 (6.6) 35.1
W\
Statins and antihypertensives 31,4 (3N) 153.9 (14.5) 89.6 (9.1) 23.6
A v
Antihypertensives only ’\w.o (0.0) 149.0 (24.0) 98.5 (3.5) 0.4
AN
70-74 (71.9) @U’
No treatment @ ) 16.0 (2.7) 115.0 (10.8) 70.4 (6.4) 19.2
0\<\\




Statins only 29.4(7.7) 125.5 (8.7) 73.7 (6.1) < 53.6
P _ "N
Statins and antihypertensives 35.4 (8.8) 150.0 (10.4) 83.3 (8.5)@# N 27.2
75+ (79.8)
No treatment 15.1 (3.8) 107.3 (7.5) @3‘(5.2) 5.4
| @
Statins only 31.4 (7.1) 125.1 (9.6) ‘\Q 721.6 (6.8) 59.7
Statins and antihypertensives 44.4 (9.9) 158.3 (13.9) so v 83.7 (9.9) 34.9
()
[ — 4
Women, age group Q
(mean age) Mean 10 year CV risk Mean s@% BP Mean diastolic BP P;::;r;::r(l;;
0
50-59 (54.5) %

RS

-

No treatment 7.0 (4.0) %\ 120.8 (14.2) 75.6 (8.5) 94.5

Statins only 22.7 129.2 (6.3) 78.6 (4.6) 1.4

Statins and antihypertensives @6.3) 163.8 (22.3) 90.1 (7.6) 1.0
. . ’\

Antihypertensives only \.‘12.6 (4.0) 164.6 (12.2) 93.5 (9.4) 3.1

&0

60-69 (63.6)

N




No treatment 10.7 (4.0) 126.3 (14.6) 75.2 (8.1) < 83.8
Statins only 24.5(4.2) 127.2 (10.4) 73.0 (6.7)®® ; 4.8
Statins and antihypertensives 26.9 (9.2) 159.1 (17.7) 87. 56) 8.7
Antihypertensives only 15.9 (2.4) 164.1 (8.5) sg}'(s 6) 2.7
70-74 (71.8) . \@

No treatment 13.1 (3.6) 125.5 (14.0) so " 717 (95) 58.6
Statins only 24.8 (3.8) 131.0 @ 9 725 (6.4) 12.1
Statins and antihypertensives 27.0 (6.9) 1@‘?‘(4 5) 83.7 (10.3) 28.3
Antihypertensives only 18.5 (0.7) \\%9.5 (0.7) 89.0 (12.7) 1.0
75+ (79.5) (\()

No treatment 14.6 (3, & 123.9 (13.2) 69.4 (8.6) 44.0
Statins only 205 5) 130.7 (8.4) 68.3 (8.2) 21.4
Statins and antihypertensives \}‘2? 7(5.7) 157.1 (13.4) 79.7 (9.2) 34.7




N

’\@
Table 3. Base-case results for polypill-for-all versus screen and treat as per guidelines: Men @
~©
Age group Strategy Mean cost Mean Incremental | Incrementah’ ICER (£ per Probability
(£) QALYs cost (£) QAL‘G QALY gained polypill cost-
s\i\' effective at
. QC) £20,000/QALY
¥\
Screen and treat 4,091 14.176 0\’ ?
50-59 Polypill 5,333 14.329 1,241 0.153 8,115 100%
Screen and treat 3,547 10.87&<>®
60-69 Polypill 4,479 1(@9 931 0.094 9,918 100%
Screen and treat 2,904 % 8.134
70-74 Polypill 3,746 8.228 842 0.093 9,024 100%
Screen and treat ;\\A 262 5.480
75+ Polypi™\Y 2,870 5.513 609 0.033 18,438 64%
RS




N

’\@
Table 4. Base-case results for polypill-for-all versus screen and treat as per guidelines: Women @A
O
Age group Strategy Mean cost Mean Increment | Incremental (£ per QALY | Probability polypill
(£) QALYs al cost (£) QALYs C’ gained cost-effective at
\ £20,000/QALY
O
Screen and treat 2,566 15.235 ’\0
\)
50-59 Polypill 4,604 15.393 2, J 0.158 12,943 100%
N
Screen and treat 2,649 11.814 @\
)
60-69 Polypill 4,164 11.97 1,515 0.164 9,231 100%
A
Screen and treat 2,269 &83
Ca
70-74 Polypill 3,506 ‘b’v 9.166 1,237 0.133 9,279 100%
>
Screen and treat 67? 6.025
75+ Polypill ’(}"2,583 6.090 908 0.065 13,821 100%
&°




Table 5. Sensitivity analysis results (men aged 50-59) for polypill strategy

versus screen and treat as per guidelines

QALY Cost Most CE strategy*
difference vs. | difference A7
. (ICER (£/QALY) fo@\
guidelines VS. lypill @
polypi
guidelines y KK
Base case @e Polypill
0.153 1,241 Q (£8,115)
xQ
Sensitivity analysis c\"
)

SA1: Cost of polypill
doubled (£60 a month)

b Guidelines

0.153 Q1 (£22,761)
%\‘r

SA2: Decreased take up Q Guidelines

of polypill (25% take up) @ .
-0.01@; 357 (Dominated)

AVa\ )

SA3: Increased \\’ Polypill

percentage screened

(75%) 0.103 1,083 (£10,529)

Ca
SA4: Reduced ~ POIypl"

adherence with polypill %M
12 weeks (68%) QN 0.088 904 (£10,283)
@)

SAS5: Increase 5\}"

compliance
guidelineéK Polypil
hyp e therapy

(10§;® 0.146 1,253 (£8,580)
A\
6: Costs of screening Polypill
alved (£13.18)
0.153 1,256 (£8,215)
SA7: Lower cost of Polypill

guideline monitoring (2
visits) 0.153 1,560 (£10,197)




SA8: Change cost of CV
events.

Acute events increase by

Polypill CE in all cases

30% 0.153 1,209 (£7,907)
Acute events decrease
by 30% 0.153 1,273 (£8.324)C
Acute and chronic @
increase by 30%
0.153 1,138 7,442)
Acute and chronic
decrease by 30% Q®
0.153 1,344 \9 (£8,789)
SA9: Quality of life 6}.
reduction with treatment . Q»)
1% Polypill \Q\ .
%0 Polypill (£12,535)
0.099 1,241 .
Guidelines @Q Polypill (£6,566)
Both 0.18%2, 1,241 Polypill (£9,193)
5&\'@) 1,241
20, Polypil O Guidelines (£27,578)
(0,6 0.045 1,241 Polypill (£5,491)
ideli A _
Guidelines Q 0.226 1,241 Polypill (£10,517)
ig@ 0.118 1,241
& Guidelines
5% é Polypill -0.117 1,241 (Dominated)
. Dé\ 0.335 1,241 Polypill (£3,704)
Guidelines .
% 0.065 1,241 Polypill (£19,092)
N Both
-0.388 1,241 Guidelines
10% P0|ypl|| (Domlnated)
0.517 1,241 _
Polypill (£2,400)
-0.023 1,241

Guidelines




S

Guidelines (Dominated)
Both
SA10: Increase Guidelines
frequency of screening
check (annual) 0.038 852 (£22,302)
SAT1: Reduced CV risk Polyn.&\
(all CV risks reduced by
20%) 0.130 1,337 (£1 )
SA12: Reduction in %N
polypill effectiveness: Q@
AHT effect (25%) \9
0.107 1,327 \ Polypill (£12,383)
AHT effect (50%)
_ 0.062 1,41Q’) Guidelines (£22,791)
Statin effect (25%) >
_ 0.127 69 Polypill (£10,047)
AHT and statin effect 6
(25%) 0.078 1,368 Polypill (£17,538)
SO
SA13. Reduced time Q.‘O
horizon \Q )
10 years &033 861 Guidelines (£25,916)
20 years 0.094 1,105 Polypill (£11,730)
30 years 0.140 1,198 Polypill (£8,564)

A\

L

o™

*CE ata £20,9§)ALY gained threshold



Well and event free

(Treatment/no treatment
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Abstract

Importance: Clinical trials have demonstrated that use of fixed dose combination therapy (‘polypills’)
can improve adherence to medication and control of risk factors of people at high risk of

cardiovascular disease compared to usual care, but the cost effectiveness of such an approach has $

not been established.

Objective: To determine whether use of a polypill is cost effective compared to usual care aﬁ
optimal guideline-recommended treatment for primary prevention in people who are@ dy on
statins and/or blood pressure lowering therapy. \O
Design: A Markov model with a one year time cycle and a 10 year time ?‘@vn A threshold of
£20,000 (€22,500) per quality adjusted life year (QALY) was takeqé%:ate cost-effectiveness.
Individual patient level data were used from a retrospective@}sectional study of primary care
medical records to characterise the study population@hed sources were used to estimate the

impact of the different treatment strategies OQ& cardiovascular events and their associated

costs and utilities. 6\»

Setting: 19 general practices in the%st Midlands, UK.

O

Participants: People aged 40 Og over on treatment for raised cardiovascular risk with no history of

cardiovascular dise,a\ioQ

Interventions; f a polypill (40mg simvastatin; 12.5mg hydrochlorothiazide; 5mg lisinopril; 2.5mg

amlo@sual care; Optimal implementation of NICE Guidelines.

*
M Q/tcomes and measures: cost per QALY, with comparison between strategies expressed as an

*
&Q\Incremental Cost Effectiveness Ratio (ICER).

Results: Optimal implementation of guidelines was cost effective compared to the other strategies
for all sub-groups ranging from dominance to ICERs up to £2,994 (€3,368) per QALY depending on

the patient sub-group. A polypill strategy was only cost effective as compared to current practice for



men aged over the age of 70. The results were sensitive to the cost of the polypill. If the annual cost
of a polypill was less than £150 (€169), this approach was cost effective compared to both current

practice and optimal guideline implementation.

Conclusions and Relevance: For people already on treatment to modify cardiovascular risk, it is more $

.\@

cost effective to optimise treatment as per guidelines rather than use a polypill, unless the cost of

the polypill is sufficiently low. KQ



Introduction

Poor uptake of pharmacotherapy for people at high risk of cardiovascular disease, and lack of

adherence in people who are prescribed drugs, has generated interest in the potential for fixed dose

36 37

combination pills (‘polypills’). These can bring about important reductions in blood pressure and

LDL cholesterol,*® and are associated with improved adherence to therapy.>® *° 4! 42

<
Previous cost-effectiveness analyses of polypills have compared their use to no treatment, g{tl&
than to usual care or improved implementation of guidelines.”* * The aim of this stud to
estimate the cost-effectiveness of a polypill strategy compared with current tre@n& or treatment
as per guidelines for primary prevention for patients with known high ca@ascular risk who are

already prescribed statins and/or blood pressure lowering therapy.” @

A Markov cohort model in TreeAge Pro was&\'/e oped to estimate cost-effectiveness of primary

Methods

prevention with a polypill strategy con@ed with i) current therapy and ii) optimal therapy as per
guidelines. The model considere%?ents aged 40 and over prescribed a statin and or/blood
pressure lowering therap((ith no history of cardiovascular disease. The model was run over a ten

*
year time horizon Kf}gne year cycle.

All patients sfawed healthy and moved to other health states if they suffered stroke, myocardial

<
infarc‘@/ll), angina, heart failure or peripheral vascular disease (PVD) or died. Once a
*
éak&ovascular event occurred, they either died, or remained in this health state and incurred costs
>

\S

&Q and a reduction in quality of life as assigned to that disease state until death (Web Figure 1).

Study population

A cross sectional retrospective study of primary care medical records in 19 West Midland general

practices in England provided data on risk factor profiles and current treatment.*® Ten year

.\@



cardiovascular risk was calculated using the Framingham equation.*® The dataset was subdivided

into ten age/gender subgroups (40-49, 50-59, 60-69, 70-74, 75 and over). Within each of sub-group,

eight treatment/cardiovascular risk strata were identified (see Web Table A) that would be treated

differently according to NICE guidelines.*” *® $

.\@

Treatment strategies

Current treatment for each stratum was characterised by whether a statin was being taken@&f

)

antihypertensives were being taken, the average number per strata. @

The polypill strategy consisted of a pill a day containing a statin (40mg simva@ and three

antihypertensives at half-dose (12.5mg hydrochlorothiazide, 5mg Iisino@ﬁmg amlodipine).”® As
*

the patients were already taking medication, it was assumed th y would take the polypill,

with 16% discontinuing it and returning to their original tre.@.50 The polypill strategy was

applied regardless of baseline cardiovascular risk or s@blood pressure.

The guideline strategy assumed optimal treath@as per NICE guidelines.® Statin therapy
(simvastatin 40mg) was prescribed if card@?:ular risk was 20% or higher, and antihypertensives if
blood pressure was greater than 1 Omm/Hg and cardiovascular risk was 20% or greater. In those
patients already on antihyp&s, it was assumed that additional drugs would be added in order
to reach a target sys‘to@d pressure of 140mm/Hg, up to a maximum of three drugs. We
estimated the a@ﬁal number of antihypertensive drugs that would be required using the results
ofa meta-ﬂ@.51 For each subgroup we used the starting systolic blood pressure and the degree

oﬁ b s&pressure lowering required to determine through linear interpolation how many additional

. %ugs would be needed.

&Q Impact of treatment

The baseline calculated 10 year cardiovascular risk was assumed to reflect benefit of current

treatment (Web table A). For optimal guideline care, the impact of additional treatments was based



on results of meta-analysis of randomised controlled trials (table 1).>* *?

We assumed 85% of people
prescribed statins would take them.>® For the polypill strategy, treatment already being received

was taken into account. If already on statins, then no additional effect from statins was applied. If
antihypertensives were already being taken, the baseline systolic blood pressure and average $

number of drugs taken was used to determine the amount of BP lowering already being achieved, ’\@

and what effect switching to three half dose drugs would have.>* KQ

Outcomes K
Q)Q)

Outcomes were measured in quality-adjusted life years (QALYs). A baseline valwagpplied

depending upon age and gender.”* When a cardiovascular event occurre&’)%'e health state value for

L

ax@ﬁed for any drugs.

that event was applied (table 1). No reduction in quality of life was

Gender-specific life tables were used to determine the prob@of death at different ages.” The
risk of death was adjusted to ensure there was no do&unting of cardiovascular death.>® There

was an increased risk of death once in a cardirw&r event health state.

o

<

Costs &
\Q’b

Costs assumed a UK NHS@ personal social services perspective (table 1). Polypill costs comprised:
*
£1(€1.13) aday @pill, an initial GP visit and blood test in the first month, and an annual
practice nl@l and blood test thereafter. In the current treatment and guideline strategies, the
most s@only prescribed generic antihypertensive in each class (indapamide, amlodopine,
*
éamril) and the statin simvastatin were assumed.”’ Patients on antihypertensives were allocated
*
&Q\four consultations (mix of GP and practice nurse) per year.”® Two additional visits (one GP, one

practice nurse) were included for guideline treatment in patients above target blood pressure.

Analysis



An incremental cost-utility analysis was undertaken with a threshold of £20,000 per QALY taken to

indicate cost-effectiveness. Future costs and QALYs were discounted at 3.5% per annum.>® Costs

were in UK pounds for 2011/12. Conversion into Euros was via the Purchasing Power Parity (PPP)

Index for 2012, using a conversion rate of £1 to €1.125.%°A half-cycle correction was applied to costs $
and effectiveness. Deterministic sensitivity analysis around key parameters was performed (tables 3’\@
and 4). Analysis of impact of price involved halving and doubling the price of a ‘polypill’ and re@g

the cost to £57 (€64) a year, to reflect cost of individual generic agents.”” The threshold ;@vt

which a polypill would become cost effective for each sub-group was determined. available,

data were entered into the model as distributions so that a probabilistic sen\@ analysis could be

Q)@

effectiveness acceptability curves were produced (not shown) t e information on the

undertaken. The Probabilistic Sensitivity Analysis (PSA) was run with 1 simulations and cost-

probability of interventions being cost-effective at different%t per QALY thresholds.

Results O

In the base-case analysis, optimal @eline care was dominant over current practice (i.e less costly
and more effective) for men over the age of 60, and was highly cost effective for all other sub-
groups, with Incremer@&t Effectiveness Ratios (ICERs) varying from £182 (€205) to £2,994
(€3,368) per QA Ies 2a and 2b). Optimal guideline care was dominant over polypill for men
aged over ge of 75. A polypill strategy was more effective than optimal guideline care in the
o;h&&-groups, but it was not cost-effective, with ICERs of £73,000 (€82,125) per QALY and above.

%mg a polypill was more effective than current practice, but only cost effective for men aged 70

&Q and over.

The probabilistic sensitivity analysis for polypill versus treat as per guidelines showed that a polypill
was not cost-effective at a £20,000 (€22,500)/QALY threshold, with all probabilities at 0%. The

probabilistic sensitivity analysis for polypill versus current practice showed that it was likely to be



cost effective in men over the age of 70, but not in younger age groups or in women (tables 2a and

2b).

Sensitivity analyses for men aged 60-69 demonstrated that the superior cost effectiveness of optimal
guideline care over a polypill was robust to key underlying assumptions made in the model, with the $
2
exception of cost of polypill (Table 3). If the price was reduced to 50p (€0.56) per pill, then a ponpiII:\
became cost effective. If the price was further reduced to cost of the individual components, ti&

polypill dominated optimal guideline care. The superiority of current practice over pol if men

aged 60-69 was also sensitive to cost of polypill, and to other assumptions that weQade (Table 4).

O

If polypill cost was halved then it would be cost-effective compared with tygatn¥ent as per guidelines
for most sub-groups (Web tables B & C). At this cost, polypill was a o@t effective compared to
current treatment for all sub-groups except women aged 40—4@shold analysis showed that the
annual price of the polypill would need to be £152 (€17@%s to ensure cost-effectiveness at the

£20,000 (€22,500)/QALY threshold for all sub-grm&en compared with guidelines (Table 5).

Q

Discussion %

Better implementation of&ﬁnes was found to be a more cost effective way of improving
cardiovascular pre%@ in people on treatment for raised cardiovascular risk than switching to a
polypill strate ever, this result was highly sensitive to cost of a polypill. At current individual
drug g{eﬁf a polypill cost £150 (€169) per year (i.e. a cost of 41p (€0.46) per pill), a polypill would
bb@& cost effective than achieving optimal guideline care for all people over the age of 40 who

.

\ e on treatment. Given that the costs of prescribing the individual components of the polypill are

& only around £57 (€64) per annum, this seems a feasible price.



Previous cost effectiveness analyses have focussed on cost effectiveness of a polypill against no
treatment, and found that this it is likely to be cost effective for primary prevention of high risk

individuals in the developing world. ** ©

Trials of using a polypill compared to usual care in people at high risk of cardiovascular disease have $
)
found better self-reported use of medication in the polypill arm,*****? and in one trial, this was also \

associated with better control of risk factors.*” None of these trials included any intervention t&g

enhance usual care. @

The results need to be interpreted in the light of certain limitations. In a numbe onpects, the
cost effectiveness of a polypill may have been under-estimated. The anal&}%’s restricted to higher
risk people already on treatment — inclusion of people not on medi @ would have increased the
cost-effectiveness of polypill relative to current practice. Poter@Qneﬁts of improved adherence
to a polypill were not included.”® It was assumed that 1 %ievement of guideline targets is
possible and indeed desirable.®? However, this has&bly not had significant impact on overall
results, since blood pressure target trials teb{'&ow that mean blood pressure for the study
population is below target, even if a su@gial proportion of individuals have final blood pressure
above target.  ® Thus, the im@% blood pressure lowering will have been over-estimated in
some and under—estimat%&ers. The base-case analysis considered a 10-year time horizon as
opposed to a life t%gizon (which our sensitivity analysis showed tends to favour the polypill).
This limited ti rizon was chosen because of the complexities of estimating changes in risk

facto@herefore cardiovascular risk) over time. Finally, the risk of further events once someone

%@rdiovascular event was not modelled, so potential benefits of treatments of secondary

h
. %
Q\ evention were ignored.
& Conversely, other assumptions favoured polypill. The separate drugs in the polypill were assumed to

have additive effects. While one trial did find additive effects,®® others have reported smaller

combined effects.? The polypill was assumed to have no adverse effects on quality of life —



sensitivity analysis showed that a small shift in this assumption would favour current practice.

However, there is no empirical evidence of differences in quality of life between people on the

polypill or usual care.*® Optimal guideline care was based on guidelines in force in the UK up until

2014. Recent NICE guidelines have lowered the 10 year risk threshold for statin treatment from 20% $

to 10%.%® This would result in a higher proportion of the study population being treated with statins’\g
N

in the optimal guideline implementation. This would have little effect on older age groups (see{@

1), but would result in increased effectiveness (and cost) of optimal guideline care in you@&age

groups. European guidelines for prevention are similar to NICE for blood pressure ng, but

recommend treatment to target (with lower targets for people at higher risk\@nolesterol

lowering therapy.®” Using this guideline would have reduced the cost ef@glveness of optimal

*
guideline care, as previous economic analysis suggests this appr&@not cost effective relative to

the NICE recommendations.® %

Finally, there are several other potential formulati%@a polypill, which might have different

. . 38
effects on cardiovascular risk factors. Q

N

In conclusion, this analysis suggests th@ost cost effective means to improve primary prevention in
people with high cardiovascular&\ treatment is to optimise adherence to existing guidelines,
unless the cost of a poly%&iciently low. If the cost of a polypill is lower than £150 (€169) per
year, then this app%@ecomes cost effective. However, despite the growing evidence base of
the eﬁ‘ective@@polypilIs,38 %0 such combinations are not yet generally available. This perhaps in
part rg{@&eluctance of pharmaceutical companies to invest in multi-component pills and the
hﬁ\@posed by regulatory approval.%® At the right price, a polypill strategy could be the most cost
Q‘\%‘ective way of ensuring optimal cardiovascular risk reduction in people who are on treatment with

& antihypertensives or lipid lowering agents to lower their cardiovascular risk.
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Table 1 Summary of Model inputs

Sources

Baseline mortality and risk of cardiovascular disease

Probability of stroke

(10 years)

0.7-6.2%

(age and sex dependent)

Probability of Ml

(10 years)

1.1-9.4%

(age and sex dependent)

Probability of angina

(10 years)

1.5-13.3%

(age and sex dependent)

Probability of heart failure
(10 years)

0.4-3.99«
(age and sex depen@g

QN

Probability of PVD

(10 years)

@%.2% %

(age ar@x dependent)
XN

Calculated with Framingham
and risk factor profile based

on patient level data

&

3

P\
Event distribution (% of 10 year C&s&)
o~

Stroke 2 16% | D’Agostino (2008),
O
Myocardial infarction S 24% | Wood (2004) "
O
Angina \S\J 34%
Heart faiIur@v 10%
~
PVDs\\) 16%
“
\‘

5

N

N

"Risk reduction with statins

Stroke

0.80 (95% ClI 0.73-0.86)

CTT (2005),>* HPS (2002)>

MI, HF, angina

0.72 (95% CI 0.69-0.76)

CTT (2005), HPS (2002)




PVD

0.85 (95% CI 0.75-0.95)

HPS (2002)

Probability of death from event

Fatal stroke

0.19

Ward (2007)"

Fatal Ml 0.19-0.36 (Men) Ward (2007) $
%)
0.23-0.40 (Women) \\\
Fatal heart failure 0.17 (r=68, n=396) Mehta ({&
']
SMR after stroke 2.72 (95% Cl 2.59-2.85) Bronnum-Han@%OOﬂ”

SMR after Ml

2.68 (95% Cl1 2.48-2.91)

Bronn,u\r'@a&en (2001)"

SMR after Heart

Failure

2.17 (95% CI 1.96-2.41)

C’)\. de Guili (2005)™

SMR after Angina

&

2.19 (95% CI 2.05-2.3%3\

NCGC "7

SMR after PVD

b
2.44 (95% Cl 1.59

Leng (1996)™

Reduction in blood pressure

N

Number of AHT drugs Q\J 0.60-1.52 Law (2009)°
required to achieve target 6
BP o3
AN
Reduction in CV risk@h reduction in BP
- O
N
Polypill (b’s.\
CHD risk {@ 10-52% Law (2009)
snf@g 14-65% Law (2009)
*
13-23% Murabito (1997)"°

\@/D risk

(Dependent on age, sex and

risk group)

Treat to target




CHD risk

Stroke risk

PVD risk

15-37%
20-47%
13-32%

(Dependent on age, sex and

risk group)

Law (2009)
Law (2009)

Murabito (1997)

Polypill adherence

84%

3

Utility weights (utilities)

3

No cardiovascular event

(age and sex dependent)

&)
o)

O

&

neral population utilities
from EQ-5D (UK Tariff)
(NCSR, 2006)**

P

N

@ By definition
Death Q 0
Quality of life multipliers %)
<0
\"°
Acute M ;\>O 0.76 (0.018) Cooper (2008)*
Post Ml & 0.88 (0.018) As above
Acut [ 0.77 (0.038) As above
P’d®:ute angina 0.88 (0.018) As above
MHeart failure 0.68 (0.020) As above
Stroke 0.63 (0.040) As above
PVD 0.90 (0.020) As above




Costs

N

Simvastatin 40mg
Amlodopine 5mg
Indapamide 2.5mg
Ramipril 5mg

Polypill

Blood test
GP visit

Practice nurse visit

Acute events:

Stroke \<
M %OQ
Angina @
PVD ‘\Oﬁ
HeqX failure

<

Long-term costs:

Stroke

<
&
gb

O

£ per year
15.26
12.13
11.87
18.13

365.25

Unit co§t<
oY

@Q 33
QQ 11.25
N

One-off cost
11,020
5,487

3,292

1,971

2,699
£ per year

2721

1>

Y

BNF March 2013%
BNF March 2013

BNF Marc{ﬁgd@

BNF@% 2013

\OQAssumption
o

Ward (2007)%
Curtis (2012) ®'

Curtis (2012)

Youman (2003)*
Palmer (2002)%
Assumed 60% of MI cost

NHS Reference costs
2011/12%

Youman (2003)

3

»




MI 572 Cooper (2008)*

Angina 572 Cooper (2008)
PVD 302 Cooper (2008)
Heart failure 572 Cooper (2008)

SMR: Standardised Mortality Ratio; MI: Myocardial infarction; PVD: Peripheral Vasc%&
Disease; CV: Cardiovascular
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Table 2a Results of the base-case analysis and probabilistic sensitivity analysis: Men A

<
o\

@‘ Polypill vs current practice
Q Probability
Mean Mean \O ICER polypill cost-
cost QALYs c ) ICER (£ per effective at
Age overten | overten |Incremental | Increms @ QALY (£ per QALY | £20,000/QALY
group Strategy years (£) years cost @ gained) gained)
Current practice 1,625 7.202 A0<\o') 0 -
40-49 Optimal guideline care 1,634 7.216 % M 0.014 604
Polypill 3,201 7.229 568 0.014 115,973 57,212 0%
Current practice | 2,008 6.740 (;\, Y0 0 -
50.59 Optimal guideline care 2,013 6.76 N 5 0.025 182
Polypill 3,414 6 1,401 0.019 73,688 31,943 0%
Optimal guideline care 2,315 “%24 0 0 -
60-69 Current practice 2,343 N ~ 6.477 28 -0.047 Dominated
Polypill 3.508) 6.539 1,283 0.015 86,647 20,403 38%
Optimal guideline care A(a, 29 5.916 0 0 -
074 Current pracg\\‘ 2,457 5.853 28 -0.063 Dominated
PQI 3,585 5.922 1,157 0.006 190,907 16,392 94%




Table 2b Results of the base-case analysis and probabilistic sensitivity analysis: Women

Polypill vs current practice

&

(£ per

ICER (£ per
QALY gained)

Probability
polypill cost-

Age Mean Mean Incremental | Incremental \ QALY effective at

group Strategy cost (£) QALYs cost QALX{%C) gained) £20,000/QALY
Current practice 1,325 7.077 0 \Q\O -
Optimal guideline care 1,343 7.083 18 O)VO.OOG 2,994

40-49 Polypill 3,019 7.093 1’67.5<\ = 0.010 171,619 106,663 0%
Current practice 1,586 6.675 @) 0 -
Optimal guideline care 1,599 6.688 \0%3 0.013 950

50-59 Polypill 3,158 6.701 (.*\, 1,559 0.013 120,844 59,670 0%
Current practice 1,805 6.51N" 0 0 -
Optimal guideline care 1,829 6 23 0.018 1,304

60-69 Polypill 3,268 6546 1,439 0.015 93,389 43,914 0%
Current practice 1,985 ™ 5.982 0 0 -
Optimal guideline care 2,@ 6.009 57 0.027 2,105

70-74 Polypill 7 6.022 1,266 0.013 97,509 32,972 0%
Current practice.(:\\ 1,880 4.733 0 0 -
Optimal guideling‘@ 1,947 4.774 66 0.041 1,606

75+ 3,030 4.779 1,083 0.005 225,002 24,948 10%

.\(Qypiu




Table 3. Sensitivity analysis results (men aged 60-69) for polypill strategy vs
optimal guideline care

Cost difference QALY Most CE strategy* and
vs. guidelines | difference vs. ICER (£IQAL®§

(£) guidelines po’lg\

Base case 1,283 0.015 Guidel'{w£86,647)
Sensitivity analysis K "
Cost of polypill doubled 3,561 0.015 ‘Iines (£240,561)
Cost of polypill halved 143 0.015 Q Polypill (£9,690)
Cost of polypill reduced to £57/year -640 0.015\0 Polypill (dominates)
Change cost of CV events. \
increase by 30% 1,257 . éfg Guidelines (£84,885)
decrease by 30% 1,309 .015 Guidelines (£88,408)
Study population restricted to people ‘b‘
with uncontrolled risk factors at 1,14% -0.013 Guidelines (dominated)
baselinet @
Increase costs of achieving optimal \Q%
guideline caret {,’\\ 956 0.015 Guidelines (£64,605)
Reduced effectiveness of optimal (N
guideline carett: 6
-by 33% % 1,200 0.030 Guidelines (£39,763)
-by 50% \Q 1,160 0.038 Guidelines (£30,853)
Alternative time heri@\
20 years ®’\$ 1,848 0.048 Guidelines (£38,482)
30 years @ 2,043 0.078 Guidelines (£26,306)

K 2,068 0.084 Guidelines (£24,489)

Lifeti
*‘C@T&ZO,OOO/QALY gained threshold

. %.e. >20% ten year cardiovascular risk and not on a statin, and/or with systolic blood

& \pressure > 140 mmHg

T 4 additional (2 GP and 2 practice nurse) consultations per year over usual care, rather
than 2 (1 of each).

11 Adjustment of CV risk reduction estimates with use of statins and/or antihypertensives



Table 4. Sensitivity analysis results (men aged 60-69) for polypill strategy vs

current practice

Cost difference vs. | QALY difference vs. current Most CE strategy* and
current practice practice ICER for polypill
Base case 1,255 0.062 Current practice (£2(@)
Sensitivity analysis . -
Cost of polypill doubled 3,533 0.062 Current practioo‘&}g%?)
Cost of polypill halved 115 0.062 Polydll ,877)
Cost of polypill reduced -668 0.062 lel (dominates)
£57/year Y
Decreased take up of polypill 420 0.018 &ent practice (£23,303)
(25% take polypill) %
Change cost of CV events. \\'
CV events increase by 30% 1,145 0.062 C) Polypill (£19.351)
CV events decrease by 30% 1,365 O\(}t\\@ Current practice (£22,196)
Quality of life reduction with 1,255 804 ’ Current practice (£130,817)
polypill by 1% (b
Reduction in polypill Q
effectiveness: @
Antihypertensive effect 1,354 QQ 0.043 Current practice (£31,373)
reduced (statin effect fixed): 1,304 \ 0.052 Current practice (£24,944)
50% O
25% Q
@,@76 0.057 Current practice (£22,457)
Statins effect reduced Q
(antihypertensive effect fixed) 4\\ 1,326 0.047 Current practice (£28,012)
by 25% ,‘\\ ’
Antihypertensive and st
effect reduced by 3
Study populgfi tricted to
people vzit ntrolled risk 1,089 0.081 Polypill (£13,385)
factori.at\a elinet
Alté@e time horizon
mars 1,794 0.190 Polypill (£9,465)
&l years 2,012 0.293 Polypill (£6,860)
Lifetime 2,044 0.315 Polypill (£6,487)

* CE at a £20,000/QALY gained threshold; 1 i.e. >20% ten year cardiovascular risk and not

on a statin, and/or with systolic blood pressure > 140 mmHg




Table 5: Optimal price of polypill

(CE= <£20,000/QALY gained),. Base case price £365.25

Subgroup | Annual cost of polypill where | Annual cost of polypill
the polypill is CE vs optimal | where the polypill is CE vs
guideline care (£) current practice (£)

Male %

40-49 175 QS

50-59 210 \O 285

60-69 207 6\' 361

70-74 187 ¢ @ 408

75+ 165 \) \ 542

Female 6

40-49 152 Q 167

50-59 1 <& 211

60-69 \@@ 244

70-74 6\ 204 282

75+ Q 185 324

&

N
.\@






Web Table A Baseline patient sub-group characteristics by age, sex and guideline category

S
¥

o ']

Men, age-group (mean age) Mean (SD) 10 year Mean (SD) Mean (SD) no. Proportﬁﬁ‘ﬁt
[BP in mmHg] CV risk (%) Systolic BP AHT drugs ba e (%)
[BP in mmHg] %)
40-49 (45.0) n=273 A
On statins, <=140 SBP 8.4 (4.9) 125.6 (10.1) x\,\! 154
On statins, >140 SBP 12.1 (6.4) 151.6 (15.2) h()\' - 3.3
On statins & AHT, <=140 SBP 7.0 (3.2) 128.2 (10.2) \A*()/S (0.70) 14.7
On statins & AHT, >140 SBP 12.4 (9.5) 150.7 (12.2) N\ 1.55 (0.83) 10.6
On AHT, <=140 SBP, 10y CVD <20% 8.5 (3.6) 131.4 (76.‘99 1.62 (0.74) 33.3
On AHT, <=140 SBP, 10y CVD 20%+ 23.6 (1.0) 13 AmJ) 1.50 (0.81) 0.7
On AHT, >140 SBP, 10y CVD <20% 11.7 (3.9) . '(11.1) 1.58 (0.69) 19.4
On AHT, >140 SBP, 10y CVD 20%+ 24.0 (4.8) xﬁES.G (17.1) 2.14 (0.69) 2.6
50-59 (54.5), n=481 AO"
On statins, <=140 SBP 14.3 %‘)\‘ 127.6 (9.8) - 12.3
On statins, >140 SBP 22W) 149.1 (6.3) - 3.9
On statins & AHT, <=140 SBP ‘A\&E'(6.4) 128.3 (8.9) 1.72 (0.78) 20.8
On statins & AHT, >140 SBP L A\ 198 (7.1) 151.1 (10.5) 1.95 (0.85) 12.1
On AHT, <=140 SBP, 10y CVD <20% \\V 12.5 (3.6) 130.0 (7.9) 1.63 (0.72) 26.8
On AHT, <=140 SBP, 10y CVD 20%+ ~ " 24.2 (4.5) 132.2 (8.5) 1.56 (0.51) 5.2
On AHT, >140 SBP, 10y CVD f29°\( ® 15.1 (2.8) 149.3 (16.3) 1.63 (0.80) 11.6
On AHT, >140 SBP, 10y CVE;\W 25.3 (5.3) 157.8 (14.3) 1.66 (0.73) 7.3

N



.
Men, age-group (mean age) Mean 10 year CV Mean (SD) Mean (SD) no. | Proportio ‘\
risk (%) Systolic BP AHT drugs baseﬁn@
60-69 (64.2), n=653 ,.Q)\
On statins, <=140 SBP 20.5 (8.7) 128.9 (10.7) O 124
On statins, >140 SBP 25.8 (8.5) 152.0 (9.1) (\Q 4.4
On statins & AHT, <=140 SBP 19.1 (6.4) 130.7 (8.1) 1.8*(’0‘.@’) 22.2
On statins & AHT, >140 SBP 26.5 (9.0) 1518 (123) | 1&D(0.72) 16.1
On AHT, <=140 SBP, 10y CVD <20% 15.8 (3.2) 130.2 (9.3) { ~NIB5 (0.74) 12.9
On AHT, <=140 SBP, 10y CVD 20%+ 25.5(5.1) 133.1 (7.4 ‘0 1.58 (0.65) 11.0
On AHT, >140 SBP, 10y CVD <20% 1.7 (1.9) 1453 (28|  1.83(0.76) 4.5
On AHT, >140 SBP, 10y CVD 20%+ 29.1 (8.3) 15@&%.1) 1.8 (0.86) 16.5
70-74 (71.8), n=266 \AQ
On statins, <=140 SBP 24.5 (7.1) \9\429.5 (9.3) ] 8.7
On statins, >140 SBP 267 (34),0O " 1480 (6.3) ] 3.0
On statins & AHT, <=140 SBP 235(55)} 130.0 (8.2) 1.90 (0.74) 18.8
On statins & AHT, >140 SBP 300672) 150.3 (8.9) 1.69 (0.75) 24.4
On AHT, <=140 SBP, 10y CVD <20% R34 122.3 (12.1) 1.82 (0.87) 4.1
On AHT, <=140 SBP, 10y CVD 20%+ | =~ ~\ 263 (5.7) 1324 (6.4) 1.63 (0.73) 20.3
On AHT, >140 SBP, 10y CVD <20% \3" ] ] - 0
On AHT, >140 SBP, 10y CVD 20%+A 31.2 (6.2) 149.6 (8.1) 1.69 (0.79) 20.7

3



.
Men, age-group (mean age) Mean 10 year CV Mean (SD) Mean (SD) no. | Proportio ‘\
risk (%) Systolic BP AHT drugs baseﬁn@

75+ (80.3), n=126 ..Q)\

On statins, <=140 SBP 23.4 (3.1) 126.7 (12.8) O 1.8
On statins, >140 SBP 33.2 (9.7) 151.7 (8.9) (-‘Q 2.9
On statins & AHT, <=140 SBP 25.5 (6.9) 127.1 (10.3) 1.5&(’0‘.&’) 15.7
On statins & AHT, >140 SBP 34.8 (5.8) 153.1(11.3) | 2Q0(0.77) 12.2
On AHT, <=140 SBP, 10y CVD <20% 18.7 (0.4) 120.5 (27.6) '&S.}oo (0.00) 0.6
On AHT, <=140 SBP, 10y CVD 20%+ 31.3 (6.6) 131.1 (8.8 ‘0 1.77 (0.79) 30.2
On AHT, >140 SBP, 10y CVD <20% ] 9 - 0
On AHT, >140 SBP, 10y CVD 20%+ 39.1 (7.8) 15@&?‘1 9) 1,68 (0.72) 36.6

SBP: Systolic Blood Pressure; AHT: Anti-Hypertensive Treatment; C\W %ovascular; CVD: Cardiovascular Disease

3



.
Women, age-group (mean age) Mean (SD) 10 year Mean (SD) Mean (SD) no. | Proportio ‘\
CV risk Systolic BP AHT drugs baseﬁn&%&
40-49 (45.6), n=223 .Q)\
On statins, <=140 SBP 4.8 (2.8) 122.1 (11.2) - LD 11.7
On statins, >140 SBP 4.6 (2.2) 151.0 (9.5) Q 1.3
On statins & AHT, <=140 SBP 4.6 (3.2) 123.9 (10.4) 1.5@“(’6& 7.2
On statins & AHT, >140 SBP 5.8 (2.3) 150.4 (6.9) ,1,@70.55) 2.2
On AHT, <=140 SBP, 10y CVD <20% 4.4 (2.7) 126.7 (10.2) | '*@3,4 (0.56) 53.4
On AHT, <=140 SBP, 10y CVD 20%+ - -*Q ’ - 0
On AHT, >140 SBP, 10y CVD <20% 8.4 (4.4) 154.4 (1570 1.54 (0.73) 23.3
On AHT, >140 SBP, 10y CVD 20%+ 23.7 (4.3) 1534 1%.6) 1.00 (0.00) 0.9
50-59 (55.1), n=463 \AQ
On statins, <=140 SBP 8.1 (4.1) \9\425.8 (9.5) - 13.0
On statins, >140 SBP 128 64400 1494 (7.7) - 3.5
On statins & AHT, <=140 SBP 7939} 1283 (9.2) 1.58 (0.59) 17.9
On statins & AHT, >140 SBP ‘10%7?) 152.1 (11.8) 1.68 (0.65) 8.9
On AHT, <=140 SBP, 10y CVD <20% _ R1(33) 128.0 (9.4) 1.59 (0.68) 33.9
On AHT, <=140 SBP, 10y CVD 20%+ . n\‘23.4 (2.2) 140.0 (0.0) 1.00 (0.00) 0.4
On AHT, >140 SBP, 10y CVD <20% \§V 11.2 (3.8) 152.2 (10.8) 1.56 (0.67) 19.4
On AHT, >140 SBP, 10y CVD 20%+ _\( 25.2 (3.6) 167.7 (12.7) 1.71 (0.83) 3.0

3



.
Women, age-group (mean age) Mean (SD) 10 year Mean (SD) Mean (SD) no. | Proportio ‘\
CV risk Systolic BP AHT drugs baseﬁn@
60-69 (64.4), n=733 e
On statins, <=140 SBP 9.7 (4.7) 127.9 (10.6) ) 9.7
On statins, >140 SBP 15.3 (5.7) 151.7 (12.1) (-‘Q 4.8
On statins & AHT, <=140 SBP 11.1 (4.5) 129.1 (9.1) 1.6.]‘(305% 21.2
On statins & AHT, >140 SBP 15.9 (7.0) 152.1(10.9) |  1€000.82) 15.4
On AHT, <=140 SBP, 10y CVD <20% 10.9 (3.7) 129.2 (10.4) | ~NF71 (0.73) 28.9
On AHT, <=140 SBP, 10y CVD 20%+ 23.1(3.0) 136.9 (2. ‘0 1.92 (0.79) 1.6
On AHT, >140 SBP, 10y CVD <20% 14.0 (2.9) 149.9 (8‘.‘@ 1.70 (0.72) 13.8
On AHT, >140 SBP, 10y CVD 20%+ 23.7 (3.3) 15@?%.9) 1.65 (0.81) 4.6
70-74 (71.9), n=353 \AQ
On statins, <=140 SBP 13.0 (3.9) &\429_0 (9.1) - 6.0
On statins, >140 SBP 248 (8.1),0O " 157.3 (13.1) - 48
On statins & AHT, <=140 SBP 13.1 9.4)\‘ 1316 (8.1) 1.99 (0.84) 21.8
On statins & AHT, >140 SBP _194)675) 149.9 (7.9) 1.81 (0.76) 17.8
On AHT, <=140 SBP, 10y CVD <20% 17 (36) 131.4 (8.8) 1.76 (0.74) 20.4
On AHT, <=140 SBP, 10y CVD 20%+ | =~ ~\"24.3 (2.7) 1326 (45)|  1.71(0.76) 2.0
On AHT, >140 SBP, 10y CVD <20% | XN\~ 165 (2.6) 146.6 (4.1) 1.69 (0.74) 17.3
On AHT, >140 SBP, 10y CVD 20%+1(\ 25.0 (5.0) 156.0 (13.4) 1.74 (0.66) 9.9

3




3

*

A\

Women, age-group (mean age) Mean (SD) 10 year Mean (SD) Mean (SD) no. | Proportj @t
CV risk Systolic BP AHT drugs ba;;@&%)

75+ (81.2), n=702 Q)‘U

On statins, <=140 SBP 16.0 (7.6) 125.6 (13.0) .‘4 - 4.7
On statins, >140 SBP 20.3 (7.3) 153.2 (10.7) xO| 3.0
On statins & AHT, <=140 SBP 15.6 (5.2) 130.6 (9.5) 1@3}@. ) 18.2
On statins & AHT, >140 SBP 22.6 (6.3) 152.7 (11.1) \@‘6'(0.72) 16.8
On AHT, <=140 SBP, 10y CVD <20% 16.1 (2.6) 130.2 (8.4) Q) 1.64 (0.74) 15.5
On AHT, <=140 SBP, 10y CVD 20%+ 24.2 (3.6) 1351 (@)Y  1.62(0.83) 9.7
On AHT, >140 SBP, 10y CVD <20% 17.3 (1.6) 14%0@.9) 1.70 (0.69) 5.7
On AHT, >140 SBP, 10y CVD 20%+ 27.8 (6.6) @0('14.9) 1.71 (0.77) 26.4

SBP: Systolic Blood Pressure; AHT: Anti-Hypertensive Treatmen

Q

Cardiovascular; CVD: Cardiovascular Disease



Web Table B Sensitivity analysis: Men. Polypill price halved

Q)A

N\
.\@

L&olypill vs current practice

A

) Probability
ICER& ICER polypill cost-
Age Mean Mean Incremental | Incremental (£ per QALY effective at
group Strategy cost (£) QALYs cost QALYs \xamed) gained) £20,000/QALY
Current practice 1,625 7.202 . ,
Treat to target 1,634 7.216 8 }(9\;4 604
40-49 Polypill to all 1,957 7.229 323 C300.014 23,917 12,043 ik
Current practice 2,008 6.740 AN
Treat to target 2,013 6.765 A@‘ 0.025 182
50-59 Polypill to all 2212 6784 |  \\rbo 0.019 10,489 4,635 100%
Treat to target 2,315 6.524 ,:\,v
Current practice 2,343 6.47(\\) 28 -0.047 Dominated
60-69 Polypill to all 2459 = 1 143 0.015 9,690 1,877 100%
Treat to target 2,429 \O\¥ 16
Current practice 2 4571\\ 5.853 28 -0.063 Dominated
70-74 Polypill o all >N 502 98 0.006 16,190 1,012 100%
Treat to target \0 4.782
ot Polypill to all é‘ 2,385 4781 65 -0.001| Dominated Dominates L
Current practice (\ 2,395 4.692 75 -0.091 Dominated




Web Table C Sensitivity analysis: Women Polypill price halved

S
¥

Ng

ICER&
L

C TRolypill vs current practice

) ICER (£ per
QALY gained)

Probability
polypill cost-

Age Mean Mean Incremental | Incremental @ effective at
group Strategy cost (£) QALYs cost QALYs A‘xained) £20,000/QALY
Current practice 1,325 7.077 . (7-k j
Treat to target 1,343 7.083 18 }(Q% 2,994
40-49 Polypill to all | 1,752 7.093 409 | £ 0.010 41,846 26,880 13%
Current practice 1,586 6.675 O\ 7
Treat to target 1,599 6.688 .@ 0.013 950
50-59 Polypillto all | 1,920 6.701 \0%41 0.013 24.918 12,689 7%
Current practice 1,805 6.513 | X,
Treat to target 1,829 6.53@\\) 23 0.018 1,304
60-69 Polypillto all | 2,070 6653\ 242 0.015 15,677 7,955 L
Current practice 1,985 Va X 82
Treat to target 2,042, " 6.009 57 0.027 2,105
70-74 Polypilltoall | 24 : T 6022 128 0.013 9,826 4,604 100%
Current practice 0 4,733
Treat to targef 'Q 1,947 4.774 66 0.041 1,606
o 2,030 4.779 84 0.005 17,349 3,251 100%

Ponpi%{@

&




Patient Feedback about a Primary Prevention Polypill Trial:

Questionnaire Survey

Authors: K Fletcher; J Mant;H Khan

Originally we intended to use the preparatory work as described throughout section 2 to design and $
carry out a pilot RCT that would determine the feasibility and acceptability of performing an RCT to @
test the cost effectiveness of using a polypill strategy. The intention was to carry out an individu

randomised trial of treating to target levels of BP and cholesterol as compared to using fixed d 2

of statins and BP lowering agents (Polypill strategy). The polypill comprised: simvastatin 4

hydrochlorothiazide 12.5mg; lisinopril 5mg; amlodipine 2.5mg. The trial was due to re
January to March 2013. However, in October 2012 the Medicines and Healthcare P,
Regulatory Agency (MHRA) published a recommendation that the maximum dg
patients also receiving amlodipine should be 20mg per day rather than the u\' 0mg dose.® This
meant that the polypill that was sourced for this study could no longer b d, and there was
insufficient time remaining on the grant to enable us to source an glt #/e and gain the necessary
regulatory approvals. Therefore, with agreement of the funders,i ecided that instead a
guestionnaire study would be carried out with the aim of gainj ient feedback about the
proposed study design, thus allowing us to explore the issu@acceptability of the trial and its
associated documentation (as opposed to the issue of cceptability of a polypill more generally —
see section 2.3.2) Some of the more practical issues T'ﬁed to be considered when running a trial,
for example, storage, supply and distribution of @rugs, would not be directly addressed through
a questionnaire. However, during the desig&& of the planned pilot RCT, many of these issues

were addressed and implementation pla rmined. Therefore, this preparatory work, combined
with the information gleaned in the quéstgnnaire study, will inform the design of a future trial.

Background (06

One factor critical to the &of an RCT examining a polypill approach is an understanding of the
factors that make peoQ d practitioners keen or reluctant to initiate a polypill strategy. However,
f

another factor tha luence the acceptability of a trial is the information that is given to

pat|ents and th @act that this has on their understanding, anxiety and willingness to participate.®

7 Easier to ihformation sheets result in lower anxiety and higher satisfaction when compared
with sta consent information® and also lead to improved understanding of the study purpose
and ures.®” Phrasing used in information giving, and the information provided both have an

t on recruitment; therefore it is important that trial information sheets are acceptable to

@tlents

&Q The proposed polypill trial may be particularly sensitive to the format and content of the information
given to patients, because it is a trial testing both a new drug format and a new concept. Therefore,
the aim of this questionnaire study is to gain feedback from patients about the proposed RCT and its
patient information sheets, which can be used to inform the design of a future trial.



Methods

An information sheet for a hypothetical polypill trial for primary prevention of CVD and a

guestionnaire asking for feedback and comments about the content of the information sheet were
developed. An anonymised electronic search was carried out in one practice in the West Midlands

using MIQUEST programming. This search identified patients who were aged 50-74 and with

unknown CV risk (these are the eligibility criteria for the polypill primary prevention study). People $
were considered to have an unknown CV risk if they fulfilled the following criteria: ‘\®

* No BP and/or total cholesterol measurement in the last year AND not on an anti-hypert@

or cholesterol lowering agent

OR é

* On an anti-hypertensive but not on a cholesterol lowering and with no total erol

on N\
* On a cholesterol lowering agent, but not on a BP lowering agent,@mo BP measurement

Patients considered unsuitable to contact (i.e. those with a t igal illness) were removed from the

measurement available for the last year

available for the last year ¢

list by the GP. The information sheet and questionnaire wer nt to eligible patients, together with

a short covering letter explaining the purpose of the @nnaire, and a pre-paid envelope for the
guestionnaires to be returned to the study team a@niversity of Birmingham.

The questionnaire asked questions such as: mou take part in a clinical trial such as this; what
do you think of the information sheet; ca@ uggest any improvements to the information; and
do you have any other comments regadding a polypill trial. Demographic data (gender; age group;
ethnicity) was also collected on th estionnaire.

Quantitative analysis was c ut using SPSS version 21. Ages were grouped into 50-59; 60-69;
and 70-74. Ethnic group collected on the questionnaire using criteria defined in the Office for
National Statistics egh up index.® For analysis, these were grouped into the
English/WeIsh/Sco& orthern Irish/British category, and all other ethnicities. Free text reasons
given for not wi to take part in a trial were coded as: side effects; not wanting to take
unnecessar; ications; concerns/queries/confusion about the study; and other (including not
wishi e part in research per se, preferring other approaches to CVD prevention, atypical
bIocégure readings). Free text answers were also analysed qualitatively to enable identification
o% ghts and attitudes of people that can be incorporated into the design of future polypill trials.

‘\ esults
L&

A total of 53 of 527 people returned completed questionnaires (response rate 10%). Table 1 gives an

overview of the respondents’ demographics.



Table 1: Respondent Demographics

Characteristic Total Returning P Value*
Questionnaire n (%)

Gender
Male 25 (47)
Female 28 (53) 0.774
Age Group $
50-59 26 (49) . @
60-69 19 (36) 4\
70-74 8 (15) 0.361 @
Ethnicin™ K
United Kingdom 46 (87) \
All other ethnicity 7 (13) %

*Testing difference in characteristics between responders and non-responders. W

ADifferences between responders and non-responders could not be calculated & ethnic group

was only available for responders.

X

uld agree to participate

25(48%) of responders said, having read the information sheet, that t
*

in the trial. One participant was undecided. A higher proportion of an women agreed that

they would take part in the trial (see figure 1), while a higher pr of people in the younger

age group agreed that they would participate. (See figure 2)6

Figure 8: Willingness to participate by gender ,50

n

Undecided

Not participate ™ Female

B Male

Participate




Figure 9: Willingness to participate by age group

Undecided

70-74 $
3 )
Not Participate M 60-69 A\

- H50-59 KQ
Participate é

0% 20% 40% 60% 80% 100% 120% 2

Reasons for refusal to participate \'
Reasons given for reluctance to participate in a polypill trial are gw&@able 2

Table 2: Reasons given for not agreeing to participate in a ponQ\

Reason Given N (%)
Side Effects )
Do not wish to take unnecessary medication (46)
Concerns/uncertainties/queries  about  the @ 5(19)
study
Other RN 6(23)

Concerns about taking medication Q

The most common reason for n ting to participate was concern about taking medication. For
some this was because they}@&elved the medication to be unnecessary.

“I don’t think that tqki@ when you don’t have to is good”

“I do not like t @ of taking unnecessary medication”

Questionnaire 32

Questionnaire 3

The psx who is undecided about whether or not they would participate also expressed concerns
ing unnecessary medication.

\%on t like taking medication when not required”

&Q Questionnaire 21

For others, their reluctance stems from the fact that they are already taking other medications, and
they were concerned that additional pills would interfere with these.

I already take a carefully balanced amount of medication and don’t want to risk the stability of my
condition by taking anything else”



Questionnaire 26
“I already have to take various pills... other pills could interfere with my present ones!”

Questionnaire 23
However, the majority of people citing this as a reason to not participate state that they are
reluctant to take medication because they are not currently taking anything and would like to

continue that way.
“I am fortunate that...I take no medication. Therefore | would be reluctant to take the pills” $

Questionnaire \@
“I am currently very healthy and take no medication for anything so would not wish to take an)@

Ques@oaire 29

One person who had stated that they were not willing to participate because they ly take no
medications also stated that they did not like the idea of randomly allocated druygs.

“I would not be happy taking random medication... it is not really clear if ‘fi ':%vple would be asked
to trial the polypill on a random basis” 0

)
\ Questionnaire 20
Side effects of the medication 60

Concern about side effects was also given as a factor ould deter people from participation in
the trial, with one person citing a specific side effe eir main concern.

“because dizziness is a side effect of the po/)‘(li

O

“do not like the sound of side effec%/h I don’t have problems”

Other Reasons Q

W\

People gave a nu% ther reasons for not wishing to take part in a trial of this nature, ranging

from specific per%

“My blood re readings....are atypically high.... Limited benefit as my risk factors have been

Questionnaire 19

Questionnaire 6

ircumstances, to views about the polypill itself or trials in general.

asses ntly”

o\Q Questionnaire 25

‘\%am not a fan of the polypill it has a dailymail feel to it”

&Q Questionnaire 5

“not enthusiastic about being experimented on”

Questionnaire 9



One patient said that they were not willing to participate because they “do not know enough about
this subject to evaluate” (Questionnaire 31).

A number of patients who indicated that they would take part in the trial added a proviso to their
decision. One person said that they would need more information about clinic availability because of
work commitments:

“Its fine for people who have flexible working hours... | doubt if the clinic hours would suit me and . ®$
why should | lose a whole shift just to take part in it. Apart from that | would like to take part” A\

Question n(@S

Another said that they were due to be away for a month and would therefore need to d eir
trial entry. @

“l am away for a month.... | would not want to take anything which might have@e effects in that

o

time”
@ Questionnaire 38
*
Suggested improvements for the information sheet \

A number of comments and suggestions were made about l%nformation sheet. Interestingly, the
two people who said that they felt the information wa y informative” (Questionnaires 26 and
32) both said they would not be interested in takin in a study.

A number of people made some very specific Wents about the information sheet, and parts that

person who did not wish to participate

either seemed unclear to them, or did not hem information that they felt they needed. One
Q@ioned the explanation in the information sheet about

the purpose of the study 6

“Under what do better mea@ume it means blood pressure and cholesterol are lowered, but
don’t you know that any@? the new factor using the drugs in combination?”

,‘\SO Questionnaire 25

Another patie @0 did say they would take part in a trial, queried the meaning of the same

went

section, sayj irst question....what does this mean?” (Questionnaire 41). However, this person still
réﬁy that they felt this was an “interesting and important area of research”.

ople felt that they would like more information about the drugs included in the polypill and
. e éxpected side effects. One person said they would be “interested to know how the components
\ the polypill work” (Questionnaire 40), while another asked “What is the polypill... is it being used
&Q in any other country, what does it consist of, is it safe?” (Questionnaire 43). One stated that they felt
that “drug names and doses should be provided. A better list of side effects and their frequency
should be given” (Questionnaire 5).

Others asked for further information about how the polypill would affect their current medication,
or clarification where they currently take no drugs.



“what of other medication that | take. Will it affect the polypill?”
Questionnaire 30
“advice for people like myself who do not take any medication”

Questionnaire 15 $

One patient did not understand what constitutes usual care and would like more information about @
that. This person stated that they had never had their blood pressure or cholesterol checked and

said KQ

“I am not aware of the details of the ‘usual care’. How is this carried out?” é
tionnaire 3
Other Comments 0
g&he proposed

polypill trial. Most used this to add further detail about the information s, but some patients

The questionnaire gave people opportunity to provide further comment@r
did provide general comments about the concept of the trial or the @ill itself. Unsurprisingly
there were mixed views. One person thought it was a “good ide udstionnaire 3) while another
described it as “an interesting and important area of researcé estionnaire 32). However,
another person was less enthusiastic and did not “consider it @/priority for NIHR funding”

(Questionnaire 5). @

The idea of giving the polypill to everyone wa@éd by everyone, with one person stating that
they felt it was not “a good idea to give sorrg); pill in case....is it not better to identify high risk

patients and treat them?”(Questionnaire @
that they would agree to trial participagjo

o

Patterns @
More women than men cite®{cogterns about side effects of the drugs; no men at all gave this as a
reason for not particiWimilarly, more women than men were concerned about taking

espite this opinion, however, this patient also said

unnecessary medicati ith 12 women and only 2 men giving this as a reason. Two men however,
said that they did \ish to take part in research per se, or had particular concerns about the

polypill, wher omen cited this reason. There were no patterns evident with regard to age or

ethnicity. K

Di on

*

. %es ite the low response rate, this study has provided us with some useful insights into people’s
\ titude towards a polypill trial, and some useful feedback about the design of any future polypill
Q trials. There were no significant differences between those who would participate and those who
would not with regard to gender or age, thus ensuring that the views of people with a range of these
characteristics were captured. Just under 50% of responders indicated that they would participate in
the trial if offered entry, which is in line with the recruitment rate of eligible patients in other RCTs*
and provides some basis for estimation of potential recruitment rates. Beyond this there is little



L

guantitative data that can inform the design of future trials. However, the qualitative data collected
provided us with a range of useful information.

The one patient who returned a questionnaire saying they would not consider participation, but who
clarified this by stating that they were actually unsure, indicates that people who do not have the
information they need, or who do not understand what they have been given, may actually default
to refusal as opposed to contacting the study team to address their concerns. Recruitment to trials is
often difficult,”® °* and this problem may be exacerbated in a trial testing both a new drug format
given to patients during the consent process for research can influence their willingness to @
participate.” Therefore, it is in the research team’s interest to ensure that patients are giveg th
information they require to make an informed choice for refusal. **The responses to thisé
guestionnaire indicate that there are a number of potential areas where this issue co@e
addressed in the patient information sheet.

Firstly, many patients who did not wish to participate did not wish to do s b’e&e of the need for

taking what they perceive as unnecessary medication. The polypill appr iving pills instead of
offering a health check) is a new concept for many people, and it iss, e that increased
understanding of the reasons why this new approach means th ay not be unnecessary

could potentially overcome the reluctance of some to conside@; icipation. Similarly, people who
said they did not wish to take part because they do not currefifly take any medication and wish to

stay that way may also benefit from a better understandjin® of the preventative role of the polypill.
Therefore, in order to ensure that recruitment to a

optimised, consideration should be given
during the design phase as to how much and 'ormation should be given to patients about the

value or necessity of preventative medicatig&f ng into account the issues raised by respondents

in this study. O

Other people did not wish to take rt&ause they are concerned about the impact polypill may

have on their existing medicati one provided detail about what drugs they are currently
taking, so it is possible that ypill may actually be in place of existing medication for some
people (ie those already g@Rng a statin or an anti-hypertensive). One patient did like the idea of

taking one pill instend@nany, so consideration should be given to highlighting this issue in the
information shee@o clarify the fact that their concerns will be addressed during the study
recruitment clijem pointment. This will help to ensure that people are aware that participation may
not mean edication, which in turn could help to minimise the number of patients who decide
not t%{@ ate due to any reluctance to ask further questions.

AhQNeY reason given for non-participation was concern about the potential side effects of the

\%edications in the polypill. The information sheet warns people of potential side effects, and

specifically highlights dizziness, but gives no more detail. One respondent said that they would like a
more comprehensive list of side effects together with information about their frequency, which
could potentially be included in the information sheet. However, only a small number of
respondents cited side effects as a concern (3 respondents) so this may not be a big problem. Over
emphasis on these negatives may therefore serve to deter otherwise interested people; the research
team should carefully consider whether it would be appropriate to provide this level of detail in the
initial contact before amending the information sheet to reflect this comment.

7

and a new concept (as is the case with a polypill). Evidence has demonstrated that the informationA
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Some of the reasons given for non-willingness to participate are not areas where it would be
possible, or even appropriate, in some cases, to try and influence, for example, where patients do
not wish to take part in research per se. There were, however, a number of people who were willing
to take part in a trial but who wanted more information about the availability of clinics outside of
normal working hours. It is likely, therefore, that other people would refuse participation because
they would assume that there would not be the flexibility available to attend study appointments at
a time that does not disrupt their work patterns or interfere with other responsibilities. When
designing a trial, therefore, it would be advisable to ensure that clinic times can be as flexible as

information sheets should emphasise that the research team will endeavour to organise
appointments at a time convenient to the patient, thus ensuring that people do not refuse K
participation where they may otherwise be interested in taking part. @

Suggested improvements for the information sheets covered some of the reasons @patients
refused participation. For example, suggested improvements in detail proviut side effects, or
the provision of additional information about potential interactions with er¥rugs. One patient
did not understand what was meant by the term ‘usual care’, aIthough as described to some
extent in the information sheet. If one person has not understood {x ction, it is likely that other
people will also not understand; it would be worth-while to ens this crucial information is

worded in a way that is understood by everyone. 6

Other patients asked for more information about whatiQNthe polypill and whether its safety has

been tested. This may be an area that should be a d in more detail in the information sheet:

trials of drugs that have not been tested in hu e likely to carry far higher risks than later

phase studies such as this one.”™ Although e if¥érmation sheet explains that the drugs contained

within the polypill have been used in stanare for some time, patients may be put off by the

perceived level of risk if they mistaken@lieve that polypill is an untested drug. Providing detail

about the drugs included in the poljgsill may also help to address this; they are common drugs so it is

likely that many people willh% ady heard of them. Furthermore, this information may help to
b

overcome the barrier posed eople not wishing to take extra medication, if they are already

taking one of the polypi cdmponents as part of their current care.
*

Strengths and W@sses
The mainw & of this study is the poor response rate and the low number of questionnaires
r

that were ed: the small sample could be the reason why there are no significant findings in the
guantg naIyS|s However, while it would have been useful to identify significant differences in
atti between for example, men and women, the primary aim of this study was to gain

feeMPack and input from people who would be potentially eligible for a trial to ensure that the

sign and information removes any unnecessary barriers to recruitment, by providing people. The
guestionnaires received had a good mix of gender and age, and also represented the views of some
different ethnic groups, albeit in small numbers. Therefore, the qualitative nature of the questions
asked means that, despite the low response, the study aim has still been addressed.

The low response rate may also indicate the reality of the proportion of people who would respond
to an invitation to a primary prevention trial of a polypill in people with unknown cardiovascular risk.
This would enable trialists to conservatively estimate the number of sites and/or patients they would

N

.\@

possible, with evening and weekend appointments available wherever possible. Furthermore, A



need to approach to achieve recruitment targets. However, if the trial was carried out in a different
patient population, those at high risk of CVD for example, there may be more motivation for people
to respond; it is possible that more people in this category would understand the preventative
nature of the pill, and fewer would have concerns about taking medication. It is possible, therefore,
that high risk patients would be the most appropriate population in which to trial the polypill in the
first instance.

The insight gained from this study into the information that patients want about research that they «
are invited to participate is likely to be useful when designing the information sheet for a polypill A
trial. Some of the suggestions, for example, clarity around the flexibility of study appointments
sensible and would be easy to incorporate without overburdening patients. However, a bal ceK
needs to be struck between giving patients adequate information to make a decision abc&hether
to consider participation, and giving them so much information that they are overwh dor
cannot understand it. Teams should consider carefully how much information to in e about study
drugs or side effects in the initial contact with patients, because it may be m propriate to
discuss this level of detail during the informed consent discussion. Once t q%!rmatmn sheet is
drafted it is very useful for as many potential patients as possible to con@nt upon the content
before it is finalised, to ensure that consensus can be reached abod\@optlmum balance of

information to incorporate. 0
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Abstract

Background: A previous economic analysis of self-management, that is, self-monitoring with self-
titration of antihypertensive mediation evaluated cost-effectiveness among patients with

uncomplicated hypertension. This study considered cost-effectiveness of self-management in those $
)
with raised blood pressure plus diabetes, chronic kidney disease and/or previous cardiovascular \

Design and methods: A Markov model-based economic evaluation was undertaken imate the

disease.

long-term cost-effectiveness of self-management of blood pressure in a coh@O— ear old ‘high

risk’ patients, compared with usual care. The model used the results of %&ASMIN—SR trial. A cost-
)

utility analysis was undertaken from a UK health and social care ive, taking into account

lifetime costs of treatment, cardiovascular events and quali%&ﬁsted life years (QALYs). A sub-

group analysis ran the model separately for men and ﬁ@n Deterministic sensitivity analyses

examined the effect of different time horizon@uced effectiveness of self-management.

Results: Base-case results indicated tha anagement was cost-effective compared with usual
care, resulting in more QALYs (O.Zl@d cost savings (-£830) per patient. There was a 99% chance of
the intervention being cost-@@tlve at a willingness to pay threshold of £20,000 per QALY gained.
Similar results were,fo\@r separate cohorts of men and women. The results were robust to

sensitivity anal s%provided that the blood pressure lowering effect of self-management was

maintaine( more than a year.

«O

Co ion: Self-management of blood pressure in ‘high risk’ people with poorly controlled
‘
Q\?pertension not only reduces blood pressure, compared with usual care, but also represents a cost-

& effective use of health care resources.

Word count: 249



Background

Hypertension is a leading risk factor for cardiovascular mortality and morbidity worldwide." ? Despite

evidence of cost saving from antihypertensive treatment,® and improvements in blood pressure

monitoring, management and treatment, > * significant numbers of people remain inadequately $
*

controlled hence new models of care are required.’ Self-management of hypertension, where an A\

individual self-monitors their own blood pressure and adjusts their own medication has been shgwn

to lead to significantly lower blood pressure in hypertension, including in those with h%@

. . 6,7
cardiovascular risk.” Q

The only economic analysis of self-management in the control of hypert(’)s%qn to date demonstrated
*

that tele-monitoring with self-titration in uncomplicated hypert%@as highly cost effective with
incremental cost-effectiveness ratios (ICERs) below £5,000 %Qlity—adjusted life year (QALY)
gained for men and women, when modelled over pati@@etime.8 However subgroup analysis in
the main trial suggested that the intervention%@ot be as effective in those with significant co-
morbidities, although patient numbers for&;ub—group were small.” Therefore, the TASMIN-SR
trial was undertaken to determine thegct of self-monitoring with self-titration of anti-
hypertensive medication on% blood pressure (BP) among hypertensive patients with sub-
optimal control and pre—@ting cardiovascular disease, diabetes and/or chronic kidney disease,

*

compared with u;%re. A model-based probabilistic cost-utility analysis was undertaken as part

of this stud{®ess the long-term cost-effectiveness of the self-management intervention in a

‘high @atient population, compared with usual care.
o\Q
0\%
& Methods

A Markov cohort model, built in TreeAge Pro (TreeAge Software Inc, Williamstown, MA, USA), was

developed to estimate the long-term cost-effectiveness of self-management of BP compared with



usual care, in patients with hypertension and a history of stroke, coronary heart disease (CHD),

diabetes or chronic kidney disease (CKD). The analysis used the results of the TASMIN-SR trial on

blood pressure, extrapolating these to long-term risk of cardiovascular endpoints [see below]. Full

details of the trial methods and results have been described in detail elsewhere.®® The model was $
run over a lifetime (30 year) time horizon using a six-month time cycle, with results presented from \@

UK National Health Service (NHS) and Personal Social Services (PSS) perspective. &
Study population ®®

The base case analysis considered a cohort of 70 year old patients (39% fem Ie@th ;ub—optimal

hypertension, BP > 130/80 mmHg at baseline, combined with a history @oke, CHD, diabetes or
*

CKD.® Patients had at least one of four main underlying conditiops ANd®€tes, stroke, CHD and CKD),

to be eligible with 15 possible combinations of high risk con%@in total. Further details of the

combined risk conditions are available in the supplemﬁ@)nline document, eTable 2.

Interventions Q

o

Patients randomised to usual care bo n appointment for a routine BP pressure check and
medication review with the stunjﬁaral practitioner (GP). Thereafter, usual care consisted of the
participants seeing their%ﬁ)r nurse for routine BP measurement and adjustment of medication
at the discretion of;\' alth professional. Patients randomised to self-management were trained
to self-monit nd to self-titrate their anti-hypertensive medication following a predetermined
plan, K@Xr three sessions, each lasting around an hour. Following training, patients adjusted

th Qti-hypertensive medication based on their monthly self-monitored BP readings.’

o
&Q Model structure

A patient entered the model in the “high risk” health state and could move to another health state if
they suffered one of three possible cardiovascular (CV) events (stroke, myocardial infarction (Ml),

unstable angina (UA)), or died from other causes (figure 1). After a CV event, individuals could



survive from that event or die within the first 6 months. Those that survived an event subsequently

moved to a chronic health state for that condition until death, with no recurrences of CV events. For

each chronic health state, an ongoing health care cost was applied every time cycle and quality of

life was permanently reduced. Movement between health states was defined by transition $

probabilities, which represented the risk of experiencing an event within each six-month time cycle.’\g

N
&

2

Patient level data from the TASMIN-SR trial were used to reflect the CV disease hist patients

Model parameters

entering the Markov model. The probabilities of suffering a stroke, Ml or de eI@mg A were
obtained from published literature for hypertensive patients with each (é}ohigh risk conditions '
% (Table 1). Where the model required probabilities that were n ‘V\@ble in the literature (for
given age group, gender or combination of high risk conditi issing values were estimated
through extrapolation (see supplemental online docu&@ For patients presenting with two or
more high risk conditions, the probability of a%@)was calculated as the sum of the two individual

risk probabilities. Further detailed calculaé\are available in the supplemental online document,

etables 1 and 2. 60

Systolic BP reductions recor the trial at 6 months (11.4mmHg and 5.5mmHg for the
intervention and con@ s) and at 12 months (15.0mmHg and 5.8mmHg for the intervention and
control arms) we@x\frapolated to age-related risk reductions for coronary heart disease (CHD,
comprisin h Ml and UA) and stroke, using Law et al ™ (Table 1). Relative risks for CHD and stroke
rglaé\) 6 and 12 month BP reductions are reported in Table 1. The model assumed that blood

A

o\@essure remained static for the first six month cycle of the model, then reduced as per the 6 month
&Q trial results for the second model cycle followed by the 12 month trial reductions thereafter with the

between groups differences assumed constant in the base case. The probabilities of death from M

and stroke within a year of the event are reported in Table 1 and applied to the first year after an



event (first two cycles in the model). Life tables were used to determine overall mortality,

dependent on age and gender. *®

Resource use and costs

N

Costs are reported in UK pounds at 2011/12 prices. Resource use related to ongoing BP monitoring @
in primary care, self-management and prescription of anti-hypertensives was obtained from the@A
TASMIN-SR trial at 12 months follow-up. For self-management, equipment and training cost§ were
annuitized at an annual rate of 3.5% and based on a lifetime of five years. ¥’ Replace costs for
the equipment and costs of additional training were included at five yearly i@s -évery 10 cycles-
over the lifetime of the model (supplemental online document, eTable Séuipment used by

*
individuals who died within any five year interval was assumed to arded. Unit costs were
applied to resource use and mean patient costs per six mon%Qre calculated for both randomised
e
<
were obtained from published studies. **** A W of all costs included in the model is shown in

Table 1. 6\,

<

Utility values 6
&

The primary outcome m@as quality adjusted life years (QALYs). All utility scores used in the

groups, and applied to the initial high risk health stat s¥s for acute and chronic CV event states

<

model are shown ig{@ 1. The utility values for the starting ‘high risk’ health state were obtained
from the TA@@trial where the overall mean EQ-5D score for hypertensive patients at baseline
was Lge\@xmmate utilities. This was adjusted for age group using weights calculated from Ara et
ar,\z%ich allowed the overall reduction in quality of life with increasing age to be incorporated in

&

Q\ e model. Acute events were assumed to happen approximately three months into a six-month

cycle and individuals stayed in that acute state for three months before moving into a chronic state.

Therefore utilities for the acute state were applied mid-way through the six-month cycle and chronic



health state utilities were applied at the start of the subsequent cycle (table 1). Health state utilities

for CV events were applied multiplicatively to the age-related ‘high risk’ health state utility values.

Analysis

N

A cost-utility analysis was undertaken from a UK NHS and Personal Social Services (PSS) perspective., @
For the base-case analysis, fifteen separate cost-effectiveness analyses were run, one for each @A
combination of high risk conditions assessed in the model. The final cost-effectiveness resu&

correspond to the trial population-weighted average of costs and quality adjusted i @ars (QALYs)

and are reported in terms of the incremental cost per QALY gained. 2 Analy%e{'@rgso separately

run for men and women. Costs and outcomes were discounted at an anrc’)a\bate of 3.5%. **

)

Uncertainty in the model results was assessed using sensitivit\@ . Deterministic sensitivity
analysis was undertaken around key parameters and assum ns. The time horizon for the model
was varied from 30 years (lifetime) to between 1 yea@go years, to determine whether the
intervention was cost effective in the shorter &@ The assumption regarding the long-term
effectiveness of the intervention was t%@y assessing the impact of limiting the additional effect
on BP lowering to years of seIf-ma%ment 1, 2, 5 and 10. Additional sensitivity analyses altered
long term cardiovascular ev@@osts by 30% (up and down). Finally, all analyses were re-run using
the un-adjusted triaJd\@Qich showed marginally smaller reductions in BP (11.4 mmHg and 5.8
mmHg for the in@ention and control arms at 6 months and 14.9 mmHg and 6.0 mmHg
respective 12 months). Where possible, data were entered into the model as distributions in
ogd&ht a probabilistic sensitivity analysis (PSA) could be undertaken to incorporate parameter
S @certainty. Gamma distributions were fitted to all costs obtained from the TASMIN-SR trial and
&Q beta distributions were applied to the utility values. The parameters used for these distributions are
shown in Table 1. The PSA was run with 10,000 simulations and cost-effectiveness planes and cost-
effectiveness acceptability curves (CEACs) constructed, to estimate the probability of self-

management being cost effective at different willingness-to-pay thresholds. *’



Results

In the base case analysis, self-management of BP was dominant compared to usual care, being

cheaper and more effective (Table 2). Self-management was associated with mean cost savings of

£830 per patient for the total population (self-management £7,357 vs. usual care £8,187) and a gain $
.

of 0.21 QALYs (6.25 vs. 6.03, respectively). This dominance was demonstrated for both men and A\

women (Table 2). In the cost-effectiveness plane (Figure 2), all results are in the north-east an&K

south-east quadrants indicating that self-management is always more effective but wi&ter

uncertainty around the difference in costs. The cost-effectiveness acceptability curQ:EAC) shows

that the probability of self-management of BP being cost effective compaKd'&h usual care was at

least 99% if decision makers were willing to pay £20,000 per QALY gaé)At a lower threshold of

£10,000 per QALY, the probability of the intervention being co@ctlve compared with usual care

was still high at 97% (Figure 2). 06

A sensitivity analysis of time horizon demonst@at self-management is dominant if the horizon
is two years or more (Table 3). Similarly, @dmpact of self-management on blood pressure is time
limited, the cost-effectiveness is re%e — but the intervention is still cost-effective provided that
the effect is sustained for on@(first two cycles) (Table 4). Other sensitivity analyses (costs and

reduced impact on blood@ssure) did not change the overall results (supplemental online
*

document, etabl ’53}
@
&
&

& This is the first study to present results of the cost-effectiveness of self-management of BP
compared with usual care in a high risk population with sub-optimally managed hypertension and

significant cardiovascular comorbidity. The base-case analysis suggests that self-management of BP



is cost-effective and is likely to be dominant (i.e., it is less costly and produces more QALYs)

compared to usual care.

The main driver of this result is the estimated decline in the risk of cardiovascular events associated

with the observed additional BP lowering achieved with self-management, and this explanation also $
)

holds for the greater benefit seen for men. This result was robust to sensitivity analysis unless the \

time horizon was reduced below two years or the observed BP lowering effect of self-manas&n;

did not continue beyond a year. ®®

Relationship with other literature \'O
Previous economic studies have evaluated the cost-effectiveness of selff\agnitoring rather than self-
*

management (self-monitoring plus self-titration of anti—hypertg@xnd only one previous
economic analysis of self-management has been undertake@SMlNHZ)s, which found self-
management to be cost-effective (£1,624 and £4,92 QALY gained for men and women
respectively).? In this analysis, we found self-m¥aagement to be even more cost effective, reflecting
the higher number of cardiovascular e\@redicted to have been prevented in the higher risk

population, and the slightly greate%ﬁuctions in blood pressure that were observed in the TASMIN-

SR trial. ‘Q
\\

Strengths and /imig@

This study@st and outcome data of trial participantsé who may differ from similar patients not
takin in the trial for instance being more adherent and healthier. 25 The strongly positive
*
6%6 however suggest that such an intervention would be cost-effective even in a less compliant
*
& population. The costs of long-term and acute care were taken from estimates in the literature and a
number of assumptions were made about the annual probabilities of cardiovascular events by risk

conditions based on best published information. A key assumption was that of the prolonged

effectiveness of the intervention. In both TASMINH2 and TASMIN-SR, the difference in BP reduction



between trial arms continued to diverge between 6 and 12 months suggesting that the effect may
be maintained over time. Indeed, an 18 month post trial follow up of the HSM self-management trial
found that blood pressure continued to diverge over time suggesting our assumption of
maintenance of effect may even be conservative. % The sensitivity analyses showed that even if $
blood pressure differences lasted only one further year and then returned to the effectiveness of ’\@
N

usual care, self-management is still likely to be cost effective. For simplicity, the model did not @
include subsequent cardiovascular events. Given that the main driver of costs was event the
main driver of events was blood pressure, it would be expected that a model inclug@condary
and subsequent events would show self-management to be even more cost- ve than usual
care. Finally, an assumption has been made regarding the differential ef@ of blood pressure

*
lowering between the intervention and control groups. Systema@\?ws suggests that lowering
blood pressure below 140/90 mmHg is as effective as Iower%s ood pressure to 140/90 mm Hg,”’

but it is fair to say that the evidence of benefit is stro@% stroke and diabetes than in CHD or

CKD.™* %% \\QQ
O

Clinical implications Q

<

These results suggest that t% its of blood pressure reduction seen in the trial can be achieved

in a highly cost—effective@ner. The up-front costs of implementation of self-management of
*

hypertension in ?@k groups are relatively modest (£14.6 equipment and £20.0 training) and are
soon repai{ ure maintenance of quality of life and reductions in costs from reduced

cardic@lar events. The very high likelihood of cost effectiveness from both this and the previous

*

*

N

@%ses suggests that self-management is a strong candidate for implementation.



Conclusions

The results of this model-based economic evaluation suggest that self-management of hypertension
in high risk patients is a cost effective strategy in the short and long term, resulting in QALY gains and

cost-savings. Self-management of blood pressure in high risk patients represents an important new @&
*
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Table 1 Model parameters

Parameter Value

Source

*

L&

@69 years old

Reduction in systolic blood pressure at 12 months (mmHg)
Self-management 15.0

Usual care 5.8

Reduction in systolic blood pressure at 6 months (mmHg)
Self-management 11.4

Usual care 5.5
Annual transition probabilities

CVD events for patients with diabetes mellitus (DM)
Stroke
60-69 years old 0.0196

70-79 years old 0.0262

Myocardial infarction (M)

X\,

60-69 years old O 0.0089

<

70-79 years old 0.0100

80-89 years old ®% 0.0111

Unstable angina (UA) Q

60-69 years old . OQ 0.0041

70-79 years old @\\ 0.0047
0.0052

80-89 years oI@
&Qﬂs for patients with chronic kidney disease (CKD)
.
Str

0.0072
70-79 years old 0.0147
80-89 years old 0.0189
Mi
60-69 years old 0.0051

TASMIN-SR trial®

TASMIN-SR trial®

NICE Djgb Qdelines, Appendix D1"

80-89 years old 0.0?@6

Kerr et al (2012)11



70-79 years old 0.0113

80-89 years old 0.0171
UA
60-69 years old 0.0024
70-79 years old 0.0054 $
80-89 years old 0.0081 . @
PROGRESS (1999) & NICE, Lipid @A
CVD events for patients with a previous stroke modification guidelineslo’ 1 K

Stroke K
"z

60-69 years old 0.0348 Q
70-79 years old 0.0589 \9

80-89 years old 0.0713 \

. X
60-69 years old 0.0139 Q\
70-79 years old 0.0232 %0

80-89 years old 0.0232 Q
uA @Q)

60-69 years old

70-79 years old O 0.0232

80-89 years old Q 0.0232
NICE, Lipid modification guidelines14 and NICE

CVD events for patients with 8dr y heart disease (CHD) Hypertension guidelines4

60-69 years old \\ 0.0359

70-79 years oId@@ 0.0588
80-89 years 0.0713
w KO

Stroke

.
60—& ears old 0.0666
&
Q\ -79 years old 0.1112
& 80-89 years old 0.1112
UA
60-69 years old 0.0528

70-79 years old 0.0881



80-89 years old

0.0881

Age-related relative risks at 12 months

Ml and UA - self management
60-69 years old

70-79 years old

80-89 years old

Stroke - self management
60-69 years old

70-79 years old

80-89 years old

MI and UA - usual care
60-69 years old

70-79 years old

80-89 years old

Stroke - usual care

60-69 years old

70-79 years old

80-89 years old

0.63 (0.60, 0.66)
0.68 (0.64, 0.71)

0.74 (0.70, 0.78)

0.53 (0.49, 0.57)
0.59 (0.55, 0.64)

0.74 (0.69, 0.79)

0.83 (0.81,0.84)
0.85 (0.84,0.87)

0.89 (0.87,0.90)

0.77 (0.75, 0.79)
Q)Q

0.81(0.79, 0.

0.89 %}Qn

Age-related relative @t 6 months

Ml and UA - self management

60-69 years old Q

70-79 years old Q
80-89 years old \\O

Stroke - self man

60-69 years &

70-79

80—& ears old
R}
Q\ and UA - usual care

60-69 years old
70-79 years old
80-89 years old

Stroke - usual care

O

0.71(0.68, 0.73)
0.75 (0.72, 0.77)

0.80 (0.76, 0.83)

0.62 (0.59, 0.66)
0.68 (0.64, 0.71)

0.80 (0.76, 0.84)

0.83 (0.82,0.85)
0.86 (0.85,0.87)

0.89 (0.87,0.91)

TASMIN-SR trial & Law et al (2009)% *°

TASMIN-SR trial & Law et al (2009) & *°



60-69 years old 0.77 (0.75, 0.80)
70-79 years old 0.81(0.80, 0.84)

80-89 years old 0.89 (0.87,0.91)

Probability of death for those who have suffered an event

.
ONS, Deaths registry (2011) & !\

Fatal stroke 0.23 Bamford et al (1990)31 ®$

Fatal myocardial infarction Kerr et al (2012) 1,32 &

65-74 years old 0.23 é

75-84 years old 0.39 @
85 and over 0.52 Q

Costs (2011/12 UK £) \

TASMlN-S@al, Curtis L (2012) &

Cost for the initial state (UK £) ® BN 34
Self-management (including the cost of 6

the intervention)b 183 Q

Usual care 125@

Costs of acute disease one-off cost (UK £) \ :

20

Stroke QO 11,020 Youman et al (2003)

M % 5,487 Palmer et al (2004)**

Unstable Angina & 3,292 Assumed 60% of Ml

Costs for long-term (chr:)n' ase per year (UK £)
Stroke \\ 2,721 Youman et al (2003)20
Ml & 572 Cooper et al (2008)19
Unstable & 572 Cooper et al (2008) 9
9\
Jine
‘\%Iities for initial health state
& Self-management and usual care TASMIN-SR Trial®
65-74 years old 0.81
75-84 years old 0.74

85 and over 0.71



Utilities for acute events

Cooper et al (2008) 9

Unstable angina 0.77
Myocardial Infarction 0.76
Stroke 0.63
Utilities for long term (chronic) disease Cooper et al (2008) 9 $
*
Unstable angina 0.88 AQ
Myocardial Infarction 0.88 K@
Stroke 0.63 K
<
Dead 0.00 by definition @
Q
-
X

® Total costs included annual costs of drugs per patient, average GP cost of consultation(s)

and the costs of the intervention (equipment and training). The co #ference between self-

monitoring and usual care was driven by the cost of the interv. n

® For greater detail on the annuitized costs for equipment% training see supplemental online

document



Table 2 Results of cost-effectiveness analysis

Incremental  Incremental ICER (£ per
Costs (£) QALYs cost (£) QALYs QALY)
Total population

Usual care 8187 60326 D

Self-management 7,357 6.2466 -830 0.2139 Domina \@
Women é

Usual care 7338 6.2467 Q@

Self-management 6,579 6.4456 759 @8 Dominant
Men ‘\@

Usual care 8,654 5.9035 %0

Self-management 7,791 61257  (\. _ -864 0.2221  Dominant




Figure 2 Base case results: incremental cost effectiveness plane and cost effectiveness acceptability
curve

Base case incremental cost-effectiveness plane, comparing self-management against usual care
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Table 3 Sensitivity analyses: results of cost-effectiveness analysis by time horizon

Incrementa Incremental
Costs QALYs | cost QALYs ICER
20-year
Usual care 7,709 5.8830 $
Self-management 6,919 6.0975 -789 0.2145 Dominant&@
10-year é
Usual care 5,242 4.7756 @
Self-management 4,675 4.9252 -567 0.16 2 Dominant
5-year . @C)
Usual care 2,882 3.1178 @
Self-management 2,554 3.1742 %328 0.0564 Dominant
3-year QQ
Usual care 1,690 6\;.0859
Self-management 1,535 Q 2.1044 -155 0.0186 Dominant
2—year§
*
uSua»QQ 1,116 1.4651
SeIf—&;gement 1,056 1.4718 -59 0.0067 Dominant
o\é\ l-year
0\6 Usual care 603 0.7729
& Self-management 625 0.7736 22 0.0006 34,791

Table 4 Sensitivity analyses: results of cost-effectiveness analysis by reducing the additional effect of

self-management to BP lowering at four different time points



Incremental Incremental ICER (£ per
Time horizon  Costs (£) QALYs cost (£) QALYs QALY)
10 years
Usual care 8,187 6.0326 $
)
Self-management 7,530 6.2242 -657 0.1916 Domina@A\
<
5 years @é
Usual care 8,187 6.0326 \OQ
Self-management 7,876 6.1623 -311 @G’}l'ZW Dominant
»
2 years (or equivalently, first year after the trial) 6§
Usual care 8,187 6.0326 Q
’ <
Self-management 8,259 O@Q 71 0.0430 1,660
1 year (within the trial or first year of %rvention)
9
Usual care &@ 6.0326
Q 0.0127 15,341

Self—managemen\o 8,382 6.0454 195




Supplemental online document

Distribution of primary CVD events (named stroke, Ml or UA)

N
.\@

@

Patient level data from TASMIN-SR indicated that the ‘high risk history’ of patients entering{he
model was best reflected through presence or absence of four main underlying condi%iabetes,
stroke, Coronary Heart Disease - CHD and Chronic Kidney Disease - CKD). This g'éas possibilities
(2x2x2x2) of underlying conditions. Since all patients had at least one of t&&r main conditions

the group "none of these" was omitted, leaving fifteen different gm\@

AN

The risks associated to each of three possible cardiovascula s (stroke, Myocardial Infarction -
Ml or Unstable Angina - UA) for high risk condition pa@@within a year were calculated by age

ranges, gender and for the total population: Q@

o

<

1. Risks associated to the f@main high risk conditions were identified in various sources. '*'*

Data were not al@ available per age ranges or gender, in which case these risks were

applied di@ the four relevant risk groups.

2. When @abability of an event (Stroke, MI or UA) was not available stratified by age
6%, the following assumption was made: the average relationship between available
O\Qprobabilities of an event by age ranges was used to calculate missing values. Table 1 shows

&
N

the available data for the annual risk of stroke for a 65 years old person.



eTable 1 Risk of stroke for given existing condition

Stroke
Age | Diabetes (stratified CKD (stratified

group | data available) data available) (missing values in blue)

75 0.0262 0.0147 to be estimated

85 0.0298 0.0189 to be estimated Q®

)
* Probability of a 65 years old patient with a history of stroke of having a %)t@ithin ayear

. \@C)
To estimate the probability of a repeat stroke for a 75 d patient with a history of

(previous) stroke, the relative risk (compared to 65) was estimated as the average of the

relative risks for the other two existing cov&s, that is

3
o

0.0262 0.0147
1 + =%.6925.
0.0196 0.007

Multiplyingﬁ.@y 1.6925 gives an estimated risk of 0.0589 for a 75 year old patient.

Similar c@ﬁ}[ions for an 85 patient give an estimated risk of 0.0713.
3. A ransition probabilities of having an unstable angina or a myocardial infarction per
ranges in a population with diabetes were estimated based on the NICE Type 2 Diabetes
%\ guidelines.'? The following assumptions were adopted: i) baseline risk of CVD for a 65-year
\S

old non-diabetic is 0.02; ii) this risk increases 0.0003 per a one year increase in age in males

65 0.0196 0.0072 0.0348* A‘\Q

and 0.0002 in females; iii) the risk of CVD in diabetics compared to non-diabetics is 2.5 fold;

and iv) the proportion of MI and UA population in relation to the total CVD population

remains the same during the lifetime.



4. Risks induced by patient’s underlying conditions are additive.
5. For risk groups reflecting the presence in a given patient of two or more high risk conditions,
assumptions to calculate the risk of an event (stroke, MI or UA) were made: the probability
of an event (stroke) will be the sum of the individual probabilities of the event for the existing
conditions. Using data from Table 1 above as an example, the risk of stroke for a 65-year old o ®$
patient with a history of (previous) diabetes (DM) and Chronic Kidney Disease (CKD) W@A
estimated as, @KK
Risk Stroke 65 yrs = [1— (1 —DM) = (1 — CKD)] Q®
Risk Stroke 65 yrs = [1-(1-0.0196)*(1-0.0072)] \O
Risk Stroke 65yrs = [1-(0.9804)*(0.9928)] 6\,

Risk Stroke 65yrs = [1-0.9733] ‘\Q
Risk Stroke 65yrs = 0.0267 00

6. The probability of an event (stroke, MI or atified by gender and age group was only
available for the high risk condition CI@C Kidney Disease (CKD). " For other high risk
conditions for which data strati&@ gender was not available, assumptions were adopted: 1)
within the population the p@)rtion of men and women are the same; ii) the risk ratio men to
women was assume@%e same as per individuals without underlying conditions; iii) risk
ratios male Eo @ for a one year risk of stroke, MI and UA were estimated from table 1,
TASMH\@ﬁom where the one year risk ratio (RR) male/female of stroke was estimated
to @nd the one year RR male/female of MI and UA was estimated to be 2.0. Risks by

‘@der were estimated from the following relationship:

*

. 6 The risk in a population with underlying conditions of developing a Stroke (TP)

N\
TP = (RR*F/2) + (F/2)

Where RR is the one year male/female risk ratio of having a stroke; F is the risk for a female

of developing a stroke per age range. Solving the equation for F, we have:



F=(2*TP)/(RR+ 1)

For example, the risk for a 65 years female with previous history of diabetes of developing

stroke within a year was estimated as:

N

F=(2%0.0196) / (1.8+1) \ @

N
F=0.0140 K@

X\

Since the cycle length of the TASMIN-SR model is six months, annual transiti&oabilities

needed to be converted into six-month transition probabilities following staned practice’:

Annual transition probabilities were transformed into instant six-rr%?}&ates:
R=-[In(1-P)]/t '@0

Where R is the instant 6-month rate, P is the annual pr(@ y%f the event and t is the time

period of interest. Rates were then transformed back% probabilities:

6-month probability =1 —-Exp (-R * 1), whe@ is 6-month rate

Table 2 shows all the estimated 6-monﬁ@%ibilities of cardiovascular events by high risk

conditions for the total population@ gender and age ranges.



eTable 2 Six-month probabilities of cardiovascular events by risk conditions, age and gender

Stroke Ml UA
Risk
condition* 65 75 85 65 75 85 65 75 85
Total &

Risk 1 0.0098 0.0132  0.0150 0.0045 0.0050 0.0056 0.0021 0.0024 Q\OZG

Risk 2 0.0036 0.0074 0.0095 0.0026  0.0057 0.0086 0.0012 %J& 0.0040

Risk 3 0.0176  0.0299 0.0363 0.0070 0.0117 0.0117 O. 007@@ 0117 0.0117

Risk 4 0.0176  0.0298 0.0363  0.0339 0.0572  0.0572 Q8 0.0451 0.0451

Risk 5 0.0134  0.0205 0.0244 0.0070 0.0107 O. K\QOO?B 0.0050 0.0066

Risk 6 0.0211  0.0370  0.0455  0.0095 0.0173 @gﬁ)z 0.0082 0.0143 0.0157

Risk 7 0.0211  0.0370  0.0455  0.0363 0. @ .0653 0.0279 0.0476 0.0489

Risk 8 0.0272  0.0427 0.0508 0.0114 0.0172 0.0090 0.0140 0.0142

Risk 9 0.0272  0.0426  0.0508 0.0%00.0620 0.0625 0.0288 0.0473 0.0476

Risk 10 0.0348 0.0588 0.0713 %06 0.0682 0.0682 0.0335 0.0562 0.0562

Risk 11 0.0307  0.0497 0.0®\' 0.0139 0.0222 0.0256 0.0102 0.0166 0.0182

Risk 12 0.0307  0.0497 6&8 0.0406  0.0673 0.0705 0.0299 0.0499 0.0514

Risk 13 0.0443 % 0.0853  0.0449 0.0729 0.0734 0.0355 0.0584 0.0587

Risk 14 0.0383 00658 0.0802  0.0431 0.0735 0.0762 0.0347 0.0587 0.0600

O
Risk 15 0(%@5 0.0781  0.0940  0.0473 0.0782 0.0814 0.0367 0.0610 0.0625
&
L

Rlﬁ\Q 0.0113  0.0152 0.0173  0.0051 0.0058 0.0064 0.0024 0.0027 0.0030

\%Lsk 2 0.0042 0.0076  0.0091  0.0039 0.0079 0.0111 0.0019 0.0037 0.0052
\Q

Risk 3 0.0195 0.0333  0.0405  0.0078 0.0130 0.0130 0.0078 0.0130 0.0130

Risk 4 0.0202  0.0344 0.0419 0.0391 0.0661 0.0661 0.0308 0.0520 0.0520

Risk 5 0.0155 0.0226  0.0262  0.0090 0.0137 0.0175 0.0042 0.0064 0.0082




Risk 6
Risk 7
Risk 8
Risk 9
Risk 10
Risk 11
Risk 12
Risk 13
Risk 14

Risk 15

Female
Risk 1
Risk 2
Risk 3
Risk 4
Risk 5
Risk 6
Risk 7
Risk 8

Risk 9

Risk 1&1\

Risk 14

Risk 15

0.0237

0.0244

0.0306

0.0313

0.0393

0.0347

0.0354

0.0502

0.0434

0.0542

0.0075

0.0033

0.0130

0.0134

0.0108

0.0236

0.0241

0.0336

0.0294

0.0367

0.0406

0.0417

0.0479

0.0490

0.0665

0.0551

0.0563

0.0807

0.0736

0.0876

0.0101

0.0073

0.0220

0.0228

0.0173

0.0390

0.0397

0.0540

0.0513

0.0609

0.0492

0.0506

0.0570

0.0584

0.0806

0.0656

0.0670

0.0965

0.0890

0.1047

0.0380

0.0388

0.0537

0.0473

0.0481

0.0646

0.0629

0.0736

0.0117

0.0428

0.0128

0.0440

0.0465

0.0167

0.0477

0.0514

0.0503

0.0551

0.0034

2

0.0258

0.0052

0.0070

0.0276

0.0085

0.0292

0.0309

0.0104

0.0309

0.0342

0.0327

0.0359

0.0208

0.0735

0.0187

0.0715

0.0782

0.0265

0.0788

0.0835

0.0855

0.0086

0.0435

0.0084

0.0132

0.0479

0.0125

0.0472

0.0518

0.0170

0.0516

0.0555

0.0562

0.0598

0.0239

0.0765

0.0193

0.0721

0.0782

0.0302

0.0824

0.0841

0.0077

0.0086

0.0435

0.0119

0.0162

0.0509

0.0129

0.0476

0.0518

0.0204

0.0549

0.0558

0.0591

0.0631

0.0096

0.0326

0.0101

0.0331

0.0383

0.0119

0.0349

0.0167

0.0556

0.0156

0.0546

0.0643

0.0181
0.0570
0.0159

0.0&@

0 3

0.01% .0211

&0&1

0.04(@00.0668

0.0885 6&1
0.0908 &X}' 0.0424

@Q@ 0.0043
o.oc%\ 0.0046

0.0016

0.0009

0.0052

0.0205

0.0024

0.0060

0.0213

0.0067

0.0220

0.0255

0.0076

0.0228

0.0270

0.0264

0.0279

0.0018

0.0022

0.0086

0.0343

0.0040

0.0108

0.0364

0.0104

0.0361

0.0427

0.0126

0.0382

0.0444

0.0447

0.0465

0.0598

0.0671

0.0692

0.0720

0.0020

0.0036

0.0086

0.0343

0.0056

0.0122

0.0378

0.0106

0.0363

0.0427

0.0142

0.0398

0.0446

0.0461

0.0480

Notation:



DM = diabetes mellitus; CKD = chronic kidney disease; ST = stroke and CHD = coronary
heart disease

Risk 1=DM; Risk 2=CKD; Risk 3=ST; Risk 4=CHD; Risk 5= DM-CKD; Risk 6= CKD-ST;
Risk 7= CKD-CHD; Risk 8= DM-ST; Risk 9= DM + CHD; Risk 10= CHD-ST; Risk 11=
DM-CKD-ST; Risk 12= DM-CKD-CHD; Risk 13= DM-ST-CHD; Risk 14= CKD-ST-CHD,
and Risk 15= DM-ST-CHD-CKD

* Relative risks for which information was not available were imputed . @&

t Relative risks for two or more conditions (Risk groups 5 to 15) are equivalent to the sum of the A
individual risk conditions &

Sources: PROGRESS (2001); NICE guidelines on diabetes; NICE guidelines on lipid modific@, Kerr

et al, (2012) @

Quality of life utilities

\OQ
O

*

Utilities in the model for stroke, Ml and unstable angina (UtiIit@a, UtilityStroke and UtilityMl)

)

are the resultant of multiplying: Q

Utility multipliers for CVD (from Cooper et al, Q&, Lipid Modification guidelines) * Absolute

utility by age (Non-CVD population) * tim%\;ute state (assumption is half cycle or 0.5) * Mult_dist

(PSA)

%Q



eTable 3 Costs of equipment and training

Main training Total intervention
Costs 2013 Equipment costs® costs
VAT 0.200
Equipment (cost per monitor) 55.0 $
capital outlay (K) 66.0 90.0 156.0 ‘\Q
Interest/Discount rate (r) 0.035 0.035 0.035 @
Useful life of equipment (n years) 5 5 @S
Equivalent annual cost (£) 14.6 19.9 Q®M.6b

N\
®Training costs assumed each patient required 2 training face-to-face sessiow practice nurse

® Annuitized costs for equipment and training C)
*

%)
O
N

eTable 4 Un-adjusted results of cost-effectiveness An@

P
Costs i cremental Incremental ~ ICER (£ per
QA &

®) cost (£) QALYs QALY)
Total population QO

Usual care 8,16%b%6_0370

Self-management

7,381 6.2415 =787 0.2045 Dominant

N
O
Female ’Q

o
Usual car<®
S.el@s&zoagement

7,321 6.2507

6,601 6.4408 -719 0.1901 Dominant
A\
>
N
& Male
Usual care 8,635  5.9081
Self-management

7,816 6.1203 -819 0.2122 Dominant




eTable 5 Un-adjusted results of sensitivity analysis: results of cost-effectiveness analysis by time

horizon
Incremental Incremental
Costs QALYs cost QALYs ICER
20-year
Usual care 7,691 5.8873
Self-management 6,942 6.0923 -749 0.2050 Dom@nt
10-year OQ
Usual care 5,227 4.7793 \
Self-management 4,693 4.9217 —56\0\ 0.1424 Dominant
5-year @Q

Usual care 2,868 ,il'Q

Self-management 2,5660 3.1732

R4

)

uiﬁre 1,680  2.0865
gﬁgement 1,541  2.1041
<
. 6\ 2-year
&Q Usual care 1,111 1.4653

Self-management 1,059 1.4718

1l-year

-302 0.0533 Dominant
-140 0.0177 Dominant
-52 0.0064 Dominant




Usual care 603 0.7729

Self-management 625 0.7736 22 0.0006 34,791

N

Note: un-adjusted results of CE for 1-year time horizon did not change as compared to the adjusted , @
results because the age-related risk reductions remained the same at 6M !

eTable 6 Un-adjusted results of sensitivity analysis: results of cost-effectiveness analysis @ducmg

the effect of BP lowering
Incremental Incremental ER?(E per

Costs (£) QALYs cost (£) QA Ys QALY)

.@V

10-year \
Usual care 8,169 6.0370 60
Self-management 7,546 6.2202 @ 622 0.1832 Dominant
5-year O

<

Usual care 8,16?&9 6.0370

Self-management 0890 6.1596 -278 0.1227 Dominant

2-year ®,§

Q
G\

al care 8,169 6.0370
5

If-management 8,364 6.0497 195 0.0127 15,313

%

N
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Figure 1 Markov model structure
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RCT for Secondary Prevention: Patient Experiences of Trial

Participation

Authors:S Greenfield; C Schwartz; RJ McManus

Paper in preparation. $

This section discusses the qualitative study that was embedded in the secondary prevention ’\@
randomised controlled trial (TASMIN-SR). @A

Background K

Increasing use is being made of novel methods to capture patient experience. What p % say
when given the opportunity to freely express their views ** can be useful for ﬁndiﬂ%ﬂ about their
experience of taking part in a study or their views about the study interventi @is type of
information may not be revealed by trial documentation and hence neve r& to the researchers’
attention and not taken into account.? Such data can be collected for eée by leaving a blank
page at the end of a questionnaire for respondents to add additio @ments,4 by analysing any
comments respondents write in the margin of a questionnaire’ 'Xing postcards for people to
express their views by drawing pictures.® At 12 month follo articipants in TASMIN-SR, a trial
of self-management of blood pressure (BP) compared to us&are were given a blank postcard and
asked to write a few sentences about their experienc tite trial. An analysis of their comments

was undertaken to find out more about patient ex ces and views about participating in the

rial. \Q

Methods QO

Trial intervention

Patients in the TASMIN-SR trial aged over 35 and had a history of stroke, coronary heart
disease, diabetes or chronic y disease. They had poorly controlled hypertension (clinic blood
pressure greater than 1 ) which was managed in primary care. They were recruited through the

UK Primary Care R% etwork and were individually randomised either to usual care or self-
management.’” P were asked to attend for two further follow-up clinics (6- and 12-months)
and at the 12 visit were given a blank postcard and asked to write a few sentences about

their expenﬁ of the trial.

Ana
ATI\ ments written by respondents on the postcards were extracted and transcribed. They were
. %iependently read by SG and themes and sub-categories were identified by highlighting relevant
Q\text.8 A selection of postcards were read by CS and themes discussed by the trial team to confirm
& theme development (25). Extracts of text for each theme are used to reflect the range of issues
raised and a numerical summary of the themes and subcategories is also shown (Table 1), to aid
interpretation and contextualisation of the range of issues.? The patient number is shown at the end
of each section of text.



N

Table 1: Summary of Postcard themes and sub-categories n=148

Theme/sub-categories

Total no. of respondents who

Lifestyle re-evaluation
Lifestyle in general
Diet

Exercise

Weight

Problems/negative issues around taking
part

mentioned
Reasons for taking part
Altruism 34
Medical factors 7
General feelings about taking part
Positive
Staff helpful 52
Personal satisfaction 49
Personal benefit 43
Want to know trial results 12
Negative
Preference for medical management 2
Negative views about medication 2
Unsure about value of trial 2
Comments about the treatment
programme \‘
Benefits of taking part
Patient empowerment C}'
BP 14 . @
Greater understanding of BP 23 \
Benefits of monitoring process 18 Q
Benefits around medication 4 0

Unable to complete due to other medical \9
conditions/personal circumstances %
Didn’t motivate to lifestyle change
Medication side effects 5
N\ 2
Comments about the;a@g?;ut the
treatment program
Paperwork
Format % 11
Content $ 49
Lifestyle&i ns 13
BP me ent
Taki@ 10
BP\ ings 9
@ning of BP measurements 11
\ ome versus clinic BP 28
Medication change
Side effects 6
process 6
medication beliefs and behaviour 4




Results

Postcards were completed by a total of 149/450 respondents one of which stated the respondent

had no comments (response rate 32.9%). Four main themes each with subcategories emerged from

the analysis of the open comments (Table 1). These were; reasons for taking part in the study,

general feelings about taking part (positive and negative) comments about the treatment

programme (benefits of taking part, problems and negative issues about taking part) and comments $
about carrying out the treatment programme ( paperwork, BP measurement, Lifestyle questions, ‘\®

&

The most common reason given by patients for taking part could be described as aItru&. in the
hope that their participation could help future work on hypertension.

medication change).

Reasons for taking part in the study K

“I have been pleased to be a participant in the TASMINH SR Trial over the lasg% onths and hope
that analysis of the results will be useful in the entire management and redcti

in levels of
hypertension” 01325 C)

2
and ultimately benefit other patients. Q\

“.hope my contribution may help your research-the results l@gwi// be of greater benefit to

present and future generations...” Q

00316 @
Other patients saw it as an opportunity to fee their views and experiences of their own
treatment to the NHS. \

“l appreciate having my opinion asked@ut the treatment | receive and the medication | am given,
even though | am not in a position @o anything about it personally. Collectively however the NHS
may listen. If nutrition was t schools | think we would have a healthier nation” 00865

Personal or family experi@ of illness also acted as a motivator for patients to try and protect both
their individual heak h

"\

“My father was_i sixties when he died so | think there may be a inherit factor. | had a very bad
499

at of other family members.

turn some y, o like a mini stroke. It is paramount that | keep healthy in order to care for my

dear wif has osteoporosis” 85018

Gengrdd feelings about taking part in the study
éhéb were a large number of positive comments about taking part in the study, most often
entioned was the helpfulness of the trial staff.

0\
& “My mentor was very pleasant made one feel at ease the way she has conducted my test made me
feel it was well worth while” 00089

Many participants wrote about the personal satisfaction or personal benefits they felt had come
from their participation.

“I would just like to say thank you for taking the time to study my blood pressure” 819



“Although it is quite time consuming | found this project helpful...Usually | felt GPs were not
interested in seeing a patient ‘just’ because of BP queries! So in that respect it has been invaluable”

00907

Twelve participants had thought about what the trial would eventually lead to and expressed a wish

to see the trial results. $

“I would like a glimpse of the published paper regarding the study as a whole. A title/author would

do as | can then access it through the Internet.” 01437 @A
Very few participants wrote negative comments about taking part. Where they did these reﬁ&
either to a preference for medical rather than self-management on their condition.

“I dropped out of the TASMINH-SR study because | found taking my own blood presQ omewhat

stressful. | hope a doctor or nurse will always be available to do it” 01016
or that they simply had strong views about medication. 6\'
“I do not agree with self-medication” ¢ @ 00003

“..I have a feeling that over medication does occur-maybe Ish@op reading Dr Le Fanu in the
‘Telegraph™ % 00770

Participant comments about the treatment progran@o

Again most of the comments under this headiu& positive. They could be divided into three
categories the first of which related to patiw powerment either in terms of improved health or
in managing the patient’s condition.

I have felt much better during my [%cipation and have been able to lead a much higher quality of

life (b 01175

It made me feel in contro ﬁagmg my blood pressure 199

Some patients felt@ ir understanding of BP had increased and they had been spurred on to
fo

find out more a r themselves

| found th @oressure survey interesting as it made me go into it more, looked it up on the

comp d made me aware of how important the blood pressure is. | tell my friends and others of
hg rtant it is to look and see their blood pressure and try to bring it down and discuss it with
heWbP 01606

*
\..it has highlighted examples of what | think affects my blood pressure...I certainly understand the
& terms high and low blood pressure and its readings. It has also made me aware of trying to relax
more 01554

Another patient described how despite having a previous history of high blood pressure, it was the
trial which had been the trigger to reducing it.



..whenever | had my blood pressure checked prior to this project | was always being told that my
readings were too high (in the 140 range and even 150/90). Nothing was done about this problem
other than advice to control my weight and exercise. Participating in this project with the facility of
medication changes, | had three changes, has reduced my blood pressure from 140/84 at the start of
the project to 129/75 today... 00912

A large number of comments suggested that in addition to the direct aims of lowering BP
participation in the trial had motivated participants to rethink other aspects of their lifestyle. .

Taking part in the TASMINH trial has caused me to re-evaluate my lifestyle. | feel that | am very A
active for my age-only my back problem stops me from doing more. Whilst my diet is not bad, Q
there is room for improvement and will try to eat more fruit, veg and fish 0(

00040

The programme and writing the diaries was helpful and made me realise | do anmough fruit

and fish and don’t do enough exercise 01467

A small number of patients ex-pressed their regret that they had been ué}é to complete the trial
due to other medical problems.

| found it interesting to see the blood pressure readings graduallyéducing with the changes every
two months of the tablets. This process was disrupted when@:s admitted to the QE Hospital with
deep vein thrombosis and the hospital changed my bloo@&essure tablets...

00021

..lincreased my medication and if my life had n\@een disrupted | would have had better results...

@) 01095

Others however felt they had not r@ed or been motivated to make any lifestyle changes as a

result of the trial. %

My weight stayed pretty ﬁe same as | had already altered my diet when first diagnosed with
blood pressure someg @ago so for me it would have been more interesting if | could have done it
then \\ 01560

Two patient@hat the medication had caused them to have problematic side effects.

..Sevi @ effects from medication. This included swollen ankles and knee plus couching. For a final
cha. y doctor prescribed candestartan cilexetil and this has had no after effects on my blood

‘\6 01034

Trial procedures and paperwork
There were many comments about the trial paperwork. Many patients felt that having to complete
regular paperwork was repetitive and boring.

Thought the diary was sometimes a little too predictable and could have been more adventurous in
the way it was presented. | found it uninteresting 00917



However for some this repetition was felt to be beneficial as it had highlighted important factors
about their lifestyle and they were able to see a pattern emerging.

Keeping the diary over the 6 month period brought to my attention how consistent my daily diet is.
As a result | may try to vary it a little more. | will also try to improve on the ‘healthy food’ intake

00757 $

Many who mentioned the content of the paperwork felt that it was informative and comprehensive * @
but others felt that there were some important issues relating to lifestyle which were not include

Questions relating to fat intake made no reference to cheese consumption-in my case my gn{&

weakness! @
%)

Carrying out self-monitoring and self-management Q

Whilst some patients found no problems in taking their own blood pressure, t@s found that
despite being concerned at the start, over time they became more accus ed to doing so. Being
able to see concrete evidence in terms of a visible drop in blood pres inforced this.

*

...but as the months passed by it became easier and then as messure dropped | felt better

about the whole thing... % 0132

From my point of view it has been interesting to try and{ntrpret some of the recordings, in that why

after a 5 minute wait the second reading has been hi than the first reading! Perhaps it was the

anticipation that the second reading would al lower than the first reading, and the
ading to a green reading where the first reading

anticipation that it would change from an a&bf
01436

was only slightly into the Amber area.. O

I might be incorrect but my experiea&aving a high BP was altered by when | took my
medication. If | did not take it at
at amber. | suggest the timi@ e two (BP testing and medication times) be recorded in your next

BP survey Q 01151

*
Although some pa& It more reassured by taking their own blood pressure at home, others did

hour before taking a BP reading, the reading was generally

not feel that the @wcal location of where the measurement was taken could make any difference

to the readi

| had %ﬁ%d pressure taken each time at the doctor’s surgery and don’t believe the results would
hav\Qg any different if I’”d had them taken at home 797

patients pointed out that they had suffered from side effects as a result of having to change

*
&Q\medications during the trial.

It has been a long 12 months but I’m now on the correct prescription losartan potassium 100mg
lorvacs XL1.5mg 01337

Six patients commented on the process of adjusting their own medication. One who had found this
difficult described how she had not carried medication changes out.



...However | felt the two monthly changes of medication difficult and on the advice of my GP | ignored
them... 00731

Another highlighted the complexity of the process.
Handling the medication changes | found | had to have my wits about me 00573

Some patients can feel concerned when they have to take multiple medications and for some, these $
concerns were heightened by the medication change process. ’\@

| think the turning point was when | didn’t need the changes in medication as | was concerned @
different medications might clash with what | was already required to take 03{&

%)
Discussion OQ

Use of postcards for patients to freely write about their experiences of ta&g'part in a trial of self-
management compared to usual care proved to be a useful method o ting qualitative data.
148 patients, one third of those for whom 12 month primary outcor ta was available took the
opportunity to comment, far more than are generally included i litative sub-studies. Most
participants commented fully, in many cases filling both sid Qe postcard. The data suggested
that many patients may have gained additional benefits garticipation in the trial over and
above any quantitative reduction in BP. These could from the personal satisfaction of taking
part, feeling more involved in and better able to c@ ith their own care, gaining greater
understanding about hypertension to being aW@of the need to change and changing components
of their lifestyle. The large number of cor@’&ts made about the trial paperwork and what patients

like or find problematic can help with UQ ign of future trials in this topic area.

Limitations of this approach to d llection are that only the views of respondents who chose to
complete a postcard are inc% ese may be people who had definite opinions about the topic
area and those who chose_no respond may have had other views. Given that the data depends

upon a written respon written question, it does not include views of respondents for whom
*

this method was p atic. The vast majority of comments were positive. This may mean that

patients were re t to be critical, but the participants had finished the trial at this stage and the

range and d@ comments received suggest that they valued the chance to write about their
experieréﬂn participation.

Th f an open question to seek participant opinion at the end of a series of closed questions is
nﬁrtunity to gain additional or perhaps unexpected information about a topic.? In this study
‘\%e postcard comments performed a similar function as they gave greater insight into patient beliefs
& and behaviours around the TASMIN-SR trial which can help to complement and facilitate broader
understanding of the trial results. Compared with our previous approach of one to one interviews in
the TASMINH2 trial of self-management in hypertension,’ the postcard methodology allowed much
greater coverage of the range of views but was unable to probe particular areas of concern in more
detail. There were distinct parallels in terms of recurrent themes of increasing patient
empowerment and understanding regarding blood pressure. Participants in both studies raised
some concerns regarding the process of self-management and this needs to be considered in future



work. The postcard system allowed new data regarding trial processes to emerge, particularly with
respect to the collection of health behaviour data which were contained in the patient diaries.
Similarly it captured information regarding the influence on behaviour of the intervention that may
not have been captured otherwise. The open nature of the postcard responses meant that no new
data on regarding ongoing plans for self-management were gained.

The current study included patients at higher risk of cardiovascular disease than previously included

in self-management studies. The themes of increased knowledge and empowerment also emerged @
in a qualitative study of stroke patients who self-monitored without planned self-titration'® In tha

study, several patients reported “experimenting” with self-titration and the perceived risk of f @
stroke seemed to drive at least some of the reported enthusiasm. Focus groups held as par(fg

small pilot study of self-titration using a web-based tool revealed largely positive views o@

principle of self-titration which was thought to influence awareness of treatment, pat

engagement and motivation whilst being more convenient. However, subsequent results were
disappointing with both technical and patient engagement problems.™ \O

Overall, in combination with the positive trial results, these qualitative dq%\tjpport the adoption of
self-management of hypertension in stroke and other high risk grou@ lents were generally

enthusiastic about the trial with some reservations about the d ction instruments and the

process of self-titration. 0

2
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Abstract

Objectives: Blood pressure lowering is effective at reducing risk of stroke recurrence in people who
have had a cerebrovascular event, but it is uncertain how low blood pressure should be lowered in
this population. We assessed whether using intensive blood pressure targets would lead to lower $

Setting: 99 General Practices in England, with participants recruited 2009-2011. @

blood pressure in a community population of people with prevalent cerebrovascular disease.

Design: Open label randomised controlled trial.

Participants: People with a history of stroke or transient ischaemic attack wf@stolic blood

pressure was = 125 mmHg. 6\'

*

Interventions: Intensive systolic blood pressure target (130mm \ang reduction from
baseline if this was < 140 mmHg) or a standard target (140n@g). Apart from the different target,

patients in both arms were actively managed in the S@Qay with regular reviews by the primary

care team. \Q

Main outcome measure: Change in sysQ\ lood pressure between baseline and twelve months.

Results: 529 patients, mean age&ere enrolled, 266 to the intensive target arm and 263 to the
standard target arm, of EQ were included in the primary analysis (182, 68% intensive arm;
197, 75% standard;\ﬁ’@4 patients withdrew from the study during the follow up period (52
intensive arms andard arm). Mean systolic blood pressure dropped by 16.1mmHg to
127.4&|®gn the intensive target arm and by 12.8mmHg to 129.4mmmHg in the standard arm
(J@wce between groups 2.9 mmHg, 95% confidence interval (0.2 to 5.7); p = 0.03).
9

&Q\Conc/usions: Aiming for a 130mmHg or lower target for systolic blood pressure in people with

cerebrovascular disease in primary care rather than a 140mmHg target leads to a small additional

reduction in blood pressure. Active management of systolic blood pressure in this population using

a 140mmHg target leads to a clinically important reduction in blood pressure.



Trial Registration: 1ISRCTN29062286.



Introduction

Stroke accounts for about 10% of deaths internationally, and for over 4% of direct health care costs

in developed countries.”® If other resources, such as lost productivity, benefits payments and

informal care costs are taken into account, the total costs double — for example in the United $
)

Kingdom annual care costs are around £4.4 billion, but total costs are £9 billion per annum.”” Over \

20% of strokes are recurrent events,”® and if one also takes into account prior history of transi@

ischaemic attack (TIA), this figure rises to about 30%.”® Therefore, secondary prevention@ a major

potential role to play in reducing both morbidity and costs of stroke care. Hyperte@n is a key risk

factor for stroke. A 20 mm Hg difference in usual systolic blood pressure E\a’i&ted with a 60%

lower risk of death from stroke in someone aged 50 to 70, and a SQ%&’risk in someone aged 70

to 79.% \Q\
&

The PROGRESS trial demonstrated that treatment to IO\bblood pressure in people who have had a
stroke or TIA reduces risk of further stroke.'® Hov\&,there is debate over how to apply this
evidence in clinical practice.™®* ** In particwq,'t ere is uncertainty over how intensively to lower
blood pressure in people who have had@stroke or TIA.'®> A post hoc observational analysis of the
PROFESS trial found that people%%ecent ischaemic stroke whose systolic blood pressure was less
than 130mmHg had a hig@ﬁof vascular events.’® Conversely, in PROGRESS participants whose
baseline systolic bl@ssure was 120-140mmHg who were randomised to combination therapy
had significan &Jced stroke risk.'®® The SPS3 trial of different blood pressure targets in younger
(meaza\é) patients with recent lacunar stroke found a non-significant 19% reduction in risk of
sﬁ@fter one year in people treated with a systolic blood pressure target of less than 130 mmHg
‘\%compared to a 130-149mmHg target.'® Recent guidelines have drawn different conclusions from
\Q
& the evidence base, with the European guidelines recommending a target systolic blood pressure of

140mmHg (or higher)'® and British guidelines a target of 130mmHg.'%



In view of these controversies, the Prevention After Stroke- Blood Pressure (PAST-BP) study

compared two different targets for blood pressure lowering after stroke or TIA in people recruited

from a prevalent primary care population. The aim was to determine whether setting a more

intensive target in primary care would lead to a lower blood pressure, as a prelude to a trial powered $

to detect whether such a strategy would lead to a reduction in stroke recurrence. ’\@
&

\
Methods @@

Participants \'O 2
The methods used in PAST-BP have been reported in detail elsewhere.m%@—BP was an

individually randomised trial in which participants were allocated ’@to an intensive blood
pressure target (<130mmHg or a 10mmHg reduction if basel'@@(&ssure <140mmHg) or a standard
target (<140 mmHg). Patients were recruited from 106@5era| Practices (of whom 99 contributed
at least one patient) in England during 2009-201 .@tients were considered for inclusion if they
were on the practice TIA/stroke register. 'Iggvere excluded if: their baseline systolic blood
pressure was less than 125 mmHg; the@re already on 3 or more antihypertensives; they had
>20mmHg postural change in tc blood pressure on standing; they were already being treated
to a 130mmHg systolic bled pressure target; they were unable to provide informed consent; or
*
there was insuffici&\}orroborative evidence that they had had a stroke or TIA. Potentially eligible
participants&identified using a search of the General Practice clinical computer system. A
gener@titioner reviewed this list to exclude patients for whom a study invitation would be
*
inapgYopriate. The remainder were sent a letter inviting them to attend a study clinic appointment
*
&Q\held at their General Practice by a research nurse, where written informed consent was obtained.

Ethical approval was provided by the Warwickshire Research Ethics Committee (reference

08/H1211/121).



Randomisation and masking

Randomisation was performed by the central study team at the University of Birmingham and was
minimised on the basis of age, sex, diabetes mellitus, atrial fibrillation, baseline systolic blood
pressure and general practice. Treatment allocation was ascertained by the research nurse either by $

telephone or online. ‘\@

Neither participants nor clinicians were blinded to treatment allocation. The primary outcome&
measure (blood pressure) was obtained using automated sphygmomanometers and me@ed by a

research nurse who was not otherwise involved in the patient’s care. Q

O
Procedures \\'

Patients randomised to the intensive arm were given a target systo‘l'\@od pressure of 130mmHg,
or a target reduction of 10mmHg if their baseline blood press s between 125 and 140 mmHg.
The target in the standard arm was 140 mmHg irrespecbc%aseline blood pressure. Apart from
the different blood pressure targets, the manager& blood pressure was the same in both
groups, and was carried out by a practice n§gse monitor blood pressure) and a general
practitioner (responsible for modifying@d pressure treatment). Patients whose systolic blood
pressure at baseline was above %@(everyone in the intensive arm, and those patients in the
standard arm whose blocﬁ&re was greater than 140 mmHg) had their antihypertensive
therapy reviewed @ General Practitioner. A practice nurse would see all patients at three
month inter@%eir blood pressure was below target when previously measured) or at a one
mont?i\@\al (if previous blood pressure was above target), and refer to the general practitioner if
tﬁ@d pressure was above target. No down-titration of therapy was performed if blood pressure
Q‘\%S below target. General practitioners were provided with treatment protocols that reflected the

110
.”7 In both arms

& national guidelines for blood pressure lowering in operation at the time of the tria
of the trial, the general practitioners had access to a computer based algorithm that actively

suggested drugs and dosage if the participant was above target. Follow up ceased if the participant

had a major cardiovascular event.



The primary outcome was change in systolic blood pressure between baseline and one year.

Participants had blood pressure measured by a research nurse (separate from the practice nurse
measurement described above) at baseline, six and twelve months. Blood pressure was measured

using a British Hypertension Society validated automated electronic monitor supplied and validated $

for the study.'™

Blood pressure was measured in a standardised way, with the patient seated for ’\@
five minutes and then six measurements taken at minute intervals. The primary outcome was @

average of the second and third measurements. é

Secondary measures of blood pressure included diastolic blood pressure at six and@lve months,
systolic blood pressure at six months, and proportion achieving target bloe{?Qures at twelve
months. For the systolic blood pressure we also calculated the mea‘nséadings 2to6and5to6to

look for any differential effects with regard to habituation to b@r sure measurement.

Clinical events were identified through review of the ge@l practice record at twelve months.
These comprised: major cardiovascular events (co&e of fatal and nonfatal stroke, myocardial
infarction, fatal coronary heart disease or o%&diovascular death), emergency hospital
admissions and deaths. Participants v\@gged for mortality at the NHS Central Register. Side

effects were assessed through thv@ of standard questionnaires.'®

Statistical analysis Q

*
We estimated thathle size of 305 patients in each group would detect a 5 mmHg difference in

systolic bIoo@Esure between groups with 90% power at a significant level of 5% assuming a
standviation of 17.5 mmHg, 10% loss to follow up, 5% mortality and 10% major vascular

*
ev QOO 192 Eor the primary analysis, mixed models were used, adjusting for baseline blood
*

&Q\pressure, age group (<80 years, 280 years), gender, diabetes mellitus, atrial fibrillation and practice

(as a random effect). The principal analysis was a complete case analysis. We also explored the
potential effects of missing values by the use of three approaches: multiple imputation, group mean

and by last available value. Subgroup analyses were pre-specified for diabetes mellitus, atrial



fibrillation and age group. In addition, we performed a sub-group analysis by baseline systolic blood
pressure (<140mmHg, 2140mmHg). The number of consultations, treatment changes and side
effects were compared using generalised mixed modelling, adjusting for the same variables as the
primary outcome. For clinical events, we calculated hazard ratios and their 95% confidence interval $
using Cox proportional hazards modelling adjusting for the same covariates mentioned previously. ’\@
We checked the proportional hazard assumption with Schoenfeld residual plots and by includi@
interaction terms in the model (for each term by time). For all clinical event analyses, pat‘@%were
censored at the time of the first event relevant to that analysis. Thus, if a patient h e than one
emergency hospital admission, only the first one would be counted. AnalysiQ@Jndertaken using
X
O

%,
»
S\
Results Q%

%,

Figure 1 shows the trial profile. 529 patients fros®general practices (range 1 — 16 per practice)

SAS 9.2 and Stata 12.

*

entered the trial. 84 patients withdrew fr@‘be trial in the twelve months following randomisation
(52, 20% in the intensive target arm an , 12% in the standard target arm, p =0.02). Primary
outcome data were available f @9 participants at one year follow up (182, 68% in the intensive
target arm and 197, 75%®e standard target arm). All patients were followed up for clinical
o5
events and deaths.’@ e 1 shows baseline patient characteristics. About a quarter of participants
were on no @pressure lowering treatment at randomisation (76 in intensive arm; 63 in standard
arm). @Sf of participants, the index event was a TIA. Just under 20% of participants reported at
W
Ieaﬁ& oderate disability (modified Rankin score of three or more). There were no important
*
Q\differences in characteristics between participants who did and did not have blood pressure

recorded at twelve months.

The intensive target arm was associated with significantly more consultations with the general

practitioner and practice nurse for blood pressure control than the standard target arm (median



visits 2 versus 1, p < 0.0001 and 3 versus 2, p = 0.002 respectively). This higher consultation rate led
to more intensifications of blood pressure treatment (458 versus 278, p < 0.0001), and more changes
due to side effects (77 versus 30, p < 0.0001). However, patients were also less likely to have their
blood pressure treatment increased after review by the general practitioner when the blood
pressure was above target in the intensive arm (109 versus 57, p = 0.005) (table 2). At the end of ti\g
study, the number of antihypertensive drugs that patients were on in both arms had increased&

similar amount (mean number of antihypertensive drugs 2.1 in intensive arm and 1.9 in s@&ard

arm, p = 0.13). QQ

Treatment to a more intensive target was associated with a significantly ggs'& eduction in systolic
blood pressure at twelve months (primary outcome) (table 3). Syst‘oléad pressure was reduced
by 16mmHg in the intensive target arm and by 13mmHg in theé\@i target arm. This difference
persisted if it was calculated using the mean of the 5" and 6%ading: -3.2 mmHg, 95%Cl -5.8 to -
0.64) or the mean of the 2" to 6™ reading: —3.3mm&ﬁ Cl-5.8 to -0.67) (see web appendix table
i). Taking account of the missing values hacgd\'@nt impact depending upon the method used (see
web appendix table ii). Using muItiple@ation the effect size was -3.2mmHg, 95% CI -5.7 to -
0.65, using the group mean it wag 273 mmHg, 95% Cl -4.3 to -0.32 and using the last value carried
forward -1.8mmHg, 95% ClI )&) 0.57. Blood pressure target at one year was achieved in 93
(51.1%) patients in th\ gsive arm. Proportions achieving a systolic blood pressure of less than
140 mmHg we ,\'I;r in the two arms (150/182, 82.4% versus 161/197, 81.7%, p = 0.59). There
N

was no ef& e of a significant difference in effectiveness of using an intensive blood pressure

tar{éw\any patient sub-group (figure 2).

‘\%ere was one major cardiovascular event in the intensive target arm (a non-fatal myocardial

\Q

& infarction), and five in the standard care arm (3 strokes; 1 non-fatal myocardial infarction and 1
cardiovascular death) (HR 0.19, 95% Cl 0.02 to 1.87, p = 0.16). There were two deaths in the
intensive target arm and one in the standard target arm. Risk of emergency admission was 12.8%

per annum in the intensive target arm and 7.8% per annum in the standard target arm (HR 1.56,



95%Cl 0.84 to 2.93, p = 0.16). Two admissions in each arm were related to falls. Apart from TIA
(responsible for five admissions in the standard target arm and three admissions in the intensive
target arm) and stroke, no single diagnosis accounted for more than two admissions. Table 4 shows
the commonest symptoms at twelve months by treatment allocation. There were no significant
differences between the two groups.

&

%)

Discussion

%)

Statement of principal findings Q
xO

We found that aiming for a target systolic blood pressure of 130 mmHg ’Wer in a primary care

population with prevalent cerebrovascular disease led to a lower s‘s@ blood pressure than if a
140 mmHg target was aimed for, but the difference was sm%@out 3mmHg and was associated
with increased workload — an extra consultation each fe@?s and nurses per year. The intensive
target arm was not associated with more side ef e@as measured at follow up, but there were more
changes to treatment because of side effeédyring the trial. More people withdrew consent for
the trial from the intensive target arm, this might have reflected unwillingness to persevere with
the increased medication regi @erhaps the most important finding was the greater than
10mmHg reductions in n@qsystolic blood pressure in both arms of the study, so that over 80% of

L

participants in eac NQad achieved a blood pressure of < 140mmHg by the end of the trial, as

comparedtﬁq@@an 50% at baseline.
&
*

. q’u’engths and weaknesses of the study

& Blood pressure at twelve months was not available for 28% of patients randomised. This reflected a
high number of patient withdrawals from the study, with some differential loss to follow up in the
intensive target arm. However, if missing values were imputed using multiple imputation — the most

robust method -the difference in achieved blood pressure between arms at one year was very



similar to that observed. Only 4% of patients on general practice stroke/TIA registers participated in

the trial. Participants had a low prevalence of disability for a prevalent cerebrovascular disease

population, were younger than typical patients in primary care with a history of cerebrovascular

disease and over-represented people with a history of TIA only.'® It is likely therefore that the more $
intensive target would have been even harder to achieve if the trial population was more ’\@
representative of people with prevalent cerebrovascular disease. The outcome measure was KQ
unblinded, but obtained using an automated sphygmomanometer by a nurse not directl@lved in

the participant’s care, so systematic recording bias is unlikely. QQ

The standard target arm in PAST-BP was actively managed, with support %f\a'&uter based
algorithm that suggested medication changes rather than simply re‘ceé).lsual care’. If we had
used a more passive management strategy in the comparison %@x may have achieved a
greater separation in systolic blood pressure between ar s.%another blood pressure lowering
study of patients with increased cardiovascular ris%@rtaken by our group in the same timeframe,
the standard care control arm dropped by Gsr’{' from a similar baseline compared to 13mmHg in
the current study.™® We used an activ@ol as we wanted to ascertain the impact of setting
different blood pressure targets®@o avoid confounding that would be introduced by having

different management stratefies’in the two arms.

N
;\\O

Comparison{@other studies and interpretation

The in mean blood pressure that we observed in the intensive target arm was very similar to
*

. hh)bserved in the <130mmHg target arm of the SPS3 trial, with both PAST-BP and SPS3 achieving

&Q a mean systolic blood pressure in the intensive arm of 127 mmHg after one year.'® However, the
comparison arms had different achieved blood pressures (PAST-BP 129 mmHg versus SPS3 138

mmHg). This reflects the more conservative target in the higher target arm of SPS3 (140-159mmHg



as opposed to <140mmHg), and that antihypertensive therapy was reduced if blood pressure fell

below target.

Most of the observed reduction in blood pressure is likely to have been mediated by increased use

of antihypertensive drugs, which on average went up from 1 to 2 drugs per person over the year of $
)

the study in both arms of the trial. Alternative explanations are that there was habituation to blood \

pressure measurement leading to reduced white coat effect, or that there was regression dilu&@

bias. However, in a blood pressure monitoring trial in a similar post-stroke population wi@milar

mean baseline systolic blood pressure, no fall in blood pressure was observed in thQntrol group

over a twelve month period,’ and in the SPS3 trial (also with similar megn\'BSQne systolic blood

pressure to PAST-BP) there was a fall of just 4 mmHg in the 140 mrgH#Lt arm over the study

period.’® This suggests that the fall of 13 mmHg observed in '@1 rd target arm of PAST-BP is

unlikely to be primarily due to effects of regression dilution %abituation to measurement.

Only 51% of patients in the intensive target arm O&-BP achieved their target blood pressure.
Both patient wishes and general practitiona\d'&on making led to treatment not being intensified
when blood pressure was above targeh@ 2), and 10% of the intensive arm withdrew from the
trial because they did not want % lood pressure medication increased. Although reported side
effects and symptoms W@mar in the two arms, and serious adverse events were infrequent
(two admissions fo;‘{sQ\ each arm), significantly more changes to treatment needed to be made

because of si cts in the intensive target arm.

A\
O
&

\cations
&

L&

Using a systolic blood pressure target of < 130 mmHg or lower for people with prevalent
cerebrovascular disease in primary care will lead to lower blood pressure than an actively managed <
140 mmHg target, but the difference in achieved blood pressure is small. Clinically important

reductions in blood pressure can be achieved with active management to a < 140 mmHg target —



13mmHg equates to more than 40% stroke risk reduction and more than 20% CHD risk reduction.™*

Active management of blood pressure after stroke/TIA therefore appears more important than the

target that is set. The difficulty in achieving lower targets, the increased workload and extra

medication changes required because of side effects suggest that primary care should focus on $

achieving the more conservative <140mmHg target in this population. Given this conclusion, and ¢ @
N

the relatively small difference in blood pressure achieved between arms, we did not feel that a @/

powered to detect a difference in cardiovascular end-points using an intensive target in @ry care

was warranted. Q



Panel: What this paper adds

What is already know on this subject

What this study adds O

Lowering blood pressure after stroke is associated with lower risk of stroke
recurrence, but there is uncertainty over what the target blood pressure should be

One trial in people with recent lacunar stroke found that a systolic blood pressure
target of < 130mmHg was associated with a non-significant reduction in strokgy
compared to a target of 130-149mmHg @

No trials have been carried out in primary care settings of different blood{re ure

targets after stroke ®®

Patients set a target of 115 - 130mmHg achieved lower systiig blood pressures than
those set a target of < 140mmHg, but the differenex@s small (3mmHg) in the

context of the reduction in blood pressure obse both arms (13mmHg and

16mmHg). %
Active management of blood pressure a%@oke/TIA is more important than the
target that is set. @

X0

*
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All participants Participants with systolic blood pressure
recorded at 12 months

Intensive target Standard target Intensive target Standard target
n=266 n=263 n=182 n=197
Age (years) 71.9 (9.1) 71.7 (9.4) 72.6 (8.3) 71.9@
*
Men 157 (59.0) 156 (59.3) 104 (57.2) &géa.S)
White ethnicity 260 (97.7) 259 (98.5) 180 (98.8) K 194 (98.5)
Current smoker 25 (9.4) 33(12.6) 15 (8.3)é 27 (13.9)
Systolic blood pressure 142.9 (14.0) 142.2 (13.4) 143. ) 142.2 (12.9)
<140mmHg 128 (48.1) 129 (49.1) @ (4%.4) 98 (49.8)
>=140mmHg 138 (51.9) 134 (50.9) \ 103 (56.6) 99 (50.3)
Diastolic blood pressure 79.9 (10.0) 80.4 (9?@ 78.8 (9.3) 80.7 (10.1)
Diabetes mellitus 26 (9.8) 2@ 19 (10.4) 21(10.7)
Atrial Fibrillation 28 (10.5) Q%10.3) 21 (11.5) 22 (11.2)
Coronary heart disease 41 (15.4) @ 46 (17.5) 28 (15.4) 35(17.8)
Chronic kidney disease 26 (9. 30(11.4) 19 (10.4) 23 (11.7)
Heart failure @' 7(2.7) 1(0.6) 6(3.1)
Peripheral vascular disease 6Q(4.1) 11 (4.2) 7 (3.9) 6(3.1)
Stroke \Q@ 130 (48.9) 122 (46.4) 85 (46.7) 95 (48.2)
TIA only Q 135 (50.8) 141 (53.6) 97 (53.3) 102 (51.8)
*
Number of antihype&%erugs 1.0 (0.8) 1.1 (0.8) 1.1 (0.8) 1.1 (0.8)
Number of ot@ 4.5 (2.5) 4.6 (2.6) 4.5 (2.5) 4.6 (2.6)
Total ur@&) drugs 5.6 (2.8) 5.7 (2.7) 5.6 (2.7) 5.7 (2.7)
Mo\l ankin scalet
.\@r 1 135 (50.8) 125 (47.5) 98 (53.8) 84 (42.6)
,QQ 2 65 (24.4) 69 (26.2) 42 (23.1) 57 (28.9)
3ord 47 (17.7) 51 (19.4) 29 (15.9) 42 (21.3)

Table 1: Baseline characteristics

Data are mean (SD) or number (%); TData missing for 19 patients in intensive arm and 18 in standard arm (all
participants) and for 13 patients in intensive arm and 14 in standard arm (participants with 12 month systolic

blood pressure).



Intensive target

Other blood pressure readings (e.g. home readings) taken into account
Patient did not want treatment intensified

Decision taken to re-measure blood pressure at future time

Symptoms attributed to blood pressure medication

Blood pressure only just above target

Patient had not been taking pills

Blood pressure reading attributed to patient anxiety

(n=109)
17

22

Standard target
(n=57)

20

13

D oD

Changes to drug therapy already made 4 Q 2
Postural hypotension \3'\'0 2
Awaiting specialist advice/ test results -
)
Intercurrent illness Q\ 3 -
Patient too old for further increases in therapy 60 1 2
Change in lifestyle advocated rather than change in medicatioQ - 1
Table 2: Reasons given by general practitione not increasing blood pressure medication after

patient referred by practice nurse with b&rressure above target

A reason was given for 164 of 166 non-inte%cation decisions. Numbers add up to more than 164 as in some

cases two reasons were given. 2



S

Mean blood pressure (mm Hg)

Mean difference from baseline

Effect size (mm Hg, 6&)}

(mm Hg)
Baseline 6 months 12 months 6 months 12 months 6 months 12 months
RO

Systolic blood pressure )
Intensive target] 143.5 (13.5) 125.7 (14.5) 127.4 (14.8) -17.3 (16.7) -16.1 (15.0) -4.12 ( to -1.40) -2.94 (-5.68 to -0.21)
Standard target* 142.2 (12.9) 129.3 (14.6) 129.4 (14.8) -12.7 (16.7) -12.8 (17.2) \'O

Diastolic blood pressure \
Intensive target] 78.8 (9.3) 73.1(10.3) 72.0 (9.0) -6.5 (10.7) -6. -1.14 (-2.86 t0 0.58) -1.63 (-3.10 to -0.15)
Standard target™ 80.7 (10.1) 74.6 (9.8) 74.4 (8.9)

Table 3: Systolic and diastolic blood pressure in intensive target and standar

Data are mean (standard deviation)
tAdjusted for baseline blood pressure, age group (<80, >80), gender, diab
Q a

fBlood pressure data for 193 intensive target patients at six months and

-6.1(9.7) 0-309.4)
Q

et groups

‘Q

eII|tus atrial fibrillation and general practice (random effect)

t twelve months

*Blood pressure data for 198 standard target patients at six mont 197 at twelve months




Intensive
arm

target

Standard
arm

target

P value

Pain 93/163 (57%) 89/173 (51%) 0.48
Breathlessness 53/148 (36%) 49/158 (31%) 0.53
Fatigue 75/149 (50%) 88/163 (54%) 0.36
Stiff joints 93/162 (57%) 99/176 (56%) 0.80
Sore eyes 35/148 (24%) 24/158 (15%) 0.08 @Q
Wheeziness 32/163 (20%) 28/175 (16%) 0.46 y
Headaches 27/151 (18%) 36/165 (22%) 024 )~
Sleep difficulties | 56/150 (37%) 66/163 (40%) ()
Dizziness 45/164 (27%) 39/173 (23%) 0\‘6.42
Loss of strength 44/148 (30%) 51/162 (3}() 0.52
Loss of libido 47/160 (29%) 50/171€29%) 0.83
Impotence 29/129 (22%) %ﬁéle% 0.54
Pins and needles | 54/163 (33%) f:\\4fm’76 (25% 0.11
Cough 40/144 (28%) 0\-’49/160 (31%) 0.57
Swelling of | 51/162 (31% 49/177 (28%) 0.70
legs/ankles

Dry mouth 34/1?@5% 36/161 (22%) 0.95

L

N

Table 4: Most fre@ﬁ symptoms at 12 months



r

Excluded prior to study clinic—5377

Total patients on stroke register
14779

2495: on 3+ antihypertensives <
2882: excluded by general practitionert

v

‘ respond 8235

2 died

1 non-fatal major cardiovascular event
1 emigrated €
52 withdrew consent

28 not followed up for SBP at one year

Declined/did not

1

Invited to participate
9402

Total attending study clinic
1167

Randomised
529

assigned to intensive target

266

v

I

Number analysed
Primary Outcome: 182
Clinical Outcome: 266

assigned to stan;

3: co-morbidity
1:error
6: no reason giv:

XY
mer analysed

ary Outcome: 197
Clinical Outcome: 263

hd

Excluded atstudy clinic- 6@
586: exclusion criteria mett
42: patient choice

1 died

4 non-fatal major cardiovascular event
32 withdrew consent

29 not followed up for SBP at one year

Figure 1: Trial profile

¥ Reasons given: patient was housebound o |\F|
pressure too low (199, 7%); at risk of fallj

other patient factors (69, 2%); patiet

(21%) cases, no reason was given:
orthostatic hypotension 22; aﬂ@ being treated to lower BP target 4; unable to provide informed consent 2. SBP: Systolic Blood Pressure

&
N
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ursing home (957, 33%); would be unable to provide consent (338, 12%); co-morbidity (216, 7%); blood
64, 6%); insufficient evidence of stroke/TIA (98, 3%); already being treated to 130 mmHg target (71, 2%);

{Qo ce (54, 2%); terminally ill (48, 2%); deceased or left practice (41, 1%); participating in another trial (9). In 618
od pressure < 125mmHg 447; lack of corroborative evidence of stroke/TIA 60; on 3 or more antihypertensives 51;

9
Q@



Baseline systolic blood pressure: <140 mmHg= I

Baseline systolic blood pressure: >=140 mmHg

Age: Less than 80—

Age: 80 and above] f

Diabetes: Yes=

Diabetes: No—

Atrial fibrillation: Yes=|

Atrial fibrillation: No—

3

50
Effect size

Favours intensive target  Favours standard target

Figure 2 Effect of intensive ?&s standard target on systolic BP at twelve months for different
patient sub-groups

>
Adjusted for baselin Xd pressure, age group (<80, 280), gender, diabetes mellitus, atrial fibrillation and
general practice (r m effect)



Intensive Blood Pressure Lowering: Understanding and
beliefs about the relationship between blood pressure and
stroke and understanding and views about BP management -

a qualitative study $

>
Authors: Satnam Virdee; Kate Fletcher; Sheila Greenfield; Jonathan Mant; Richard McManus \@

The aim of PAST-BP was to determine whether more intensive blood pressure targets for@)ple

Background

with a stroke or TIA in a pragmatic primary care setting will lead to a lower blood pr,

Achieving more intensive targets often requires administering multiple antihypertersges to
patients. However, there is evidence suggesting that as drug numbers and ral complexity
increase so does non-adherence.™ There is also research demonstratin ?ﬁe} a partnership
between the patient and HCP in reaching a decision on when, how an to use medicines
(sometimes described as concordance)® plays a positive role in me‘ i0n adherence.*”

The aim of the qualitative interview study was to explore wh @there were any barriers to more
intensive blood pressure lowering. Hence both health care paessionals HCPs and patients were

interviewed about their experiences of taking part iné rfal.

Methods \QQ

The trial methodology and main results h s%een described previously. In summary, 529 patients
were randomised to the intensive targ (BP target 130mmHg systolic, or 10mmHg reduction in
systolic BP if baseline BP < 140) or dard arm (BP target 140 mmHg systolic).

\Q’b

Participants and s‘ar@

Health care prof, ’%nal sampling

72 HCPs (46 gdn practitioners and 26 practice nurses) across 42 Birmingham, Black Country and

Warwicks ractices in the PAST BP trial were selected and invited by letter to participate in the

interx&l@udy. 5 general practitioners and 3 practice nurses across 7 practices agreed to

par\@a e

. tient sampling
\Patients across 29 Birmingham, Black Country and Warwickshire practices were purposively sampled

& on a range of characteristics to take part in the interview study. They were selected on the basis of

study arm (control or intervention), with a further group chosen from those who declined to take

part in the trial after attending the baseline clinic. Within each group, participants were further

selected on the basis of gender, ethnicity, age and whether they had had a stroke or TIA. An

attempt was made to ensure there were similar numbers of participants across all categories.
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44 trial participants were approached by letter and 6 standard and 7 intervention patients agreed to
take part in the interview study. 6 participants who had refused to consent to the trial were
contacted in writing and 4 agreed to participate.

Interviews

Semi-structured interviews were used to investigate respondent views because they offer an

opportunity for in-depth exploration of personal perspectives, detailed understanding and chance $
for clarification.® The interview guide was developed through a discussion by research team . @

members (SKV, SMG, KF and JM) and covered: concordance and adherence; experience of taking
part in the trial; and HCP views on intensive blood pressure targets. &

ut at the
practice and patient interviews in their home. Interviews lasted between 20-45 mi@s, were audio

O
Analysis \\'

Transcripts were checked against the recording for accuracy. Throyg e analytic process each

All interviews were carried out by one of the authors (SKV) between August 2010 to Oct 012.
Signed informed consent was obtained before the interview. HCP interviews were car

recorded and transcribed verbatim.

e relations between various
(SKV, SMG and KF) agreed
tly by SKV, SMG and KF and the
subthemes identified in each key area.® These were dis ed by the study team and a thematic

transcript was compared with others to develop conceptualisati

pieces of data and key areas.” Interviews ceased when 3 of the
saturation had been achieved. Transcripts were read indep

coding framework was developed to code each trans ystematically. NVivo 10 software was
used to aid data organisation. @

Results O’\.\O

Participants Q

There were more general practi‘@ers than practice nurses (table 1). All practice nurses and almost
all HCPs were female.

There were similar mu Qof patients in the standard and intervention arms, although there were
fewer participant the declined group (table 2). There were slightly more male than female
patients. Mos White British and only 2 from a minority ethnic group (1 White British and 1
Pakistani B \&Patients were aged between 52 and 83 years, with the majority of participants
aged g{®& 60 and 79. There were comparable numbers who had experienced either a stroke or

N

. %y areas
\ n order to facilitate a comparison of comments and contextualise subthemes, findings are

presented within each of the three key areas: concordance and adherence with antihypertensive
medication; experience of PAST BP trial; and HCP attitude towards intensive blood pressure targets.
The number of respondents discussing each subtheme is reported® to help contextualise the findings
and facilitate a comparison between respondents. Interview extracts representative of each
subtheme are given.



Concordance and adherence with antihypertensive medication

HCP views

All HCPs (8) claimed that treatment decisions regarding antihypertensive medication following a
stroke/TIA was a process of explanation, understanding and negotiation with the patient. It was
believed that this led to most patients being adherent with medication.

“I always ask a patient’s permission to start medication because they’re not going to just take it
when you suggest it to them. | will ask them if they’re happy. | think you have to involve the patient“\®

HCP 1 @A

“Often patients don’t want to start medication and often it’s a negotiation. | will tell them ®is is
your blood pressure, this is the information and these are your risks. If they won’t start

/7

medication I’ll say well come back in a month and we’ll see what your blood pressur; ng, and do

it gradually that way”. HCP

8 \0

Half of all respondents (4) highlighted that many patients did not like be@on long term medication
and were worried about side-effects. For some patients this led to’\ dherence.

“Some patients aren’t too keen on the idea of being on medicaij ng term, especially because
blood pressure gives no symptoms, and that’s even more th e if they get side-effects from the

medication”. Q HCP 6

“Some people are not very keen to go on drug tre@nt if they perceive that the drugs are likely to
give them side-effects and restrict their lifestyl HCP 4

Many interviewees (4) also mentioned veral patients preferred to attempt lifestyle changes
before resorting to medication.

“There are a lot of people that t@ changing their lifestyle first. Then they get to a point where
they realise that they’ve got on medication”. HCP

3 \
O\O
Patient views &

Most patie said their involvement in antihypertensive treatment decisions was limited to an
expla a‘@ nd information, the level of which was felt sufficient.

“I Q\/as little involvement, but | was happy with the information | was given. | didn’t need any

\S

*
&Q “I seem to recall the GP went into some depth about the medication, and yes | was quite happy with
it”. P16

ore because the practice was very thorough”. P13

In fact, some (5) thought too much information would cause unnecessary worry.

“I wouldn’t have liked any more information. It would probably put you off taking them if you had
too much information”. P6



Others (3) however claimed that no explanation of their medication was provided and they either
had to request one or seek further information themselves.

“They didn’t really explain the medication in any detail. | had to find out for myself more precisely

-

All patients (17) agreed that the actual decision to start treatment was made by the HCP which they !\

why | was taking it. It would have been nice to have been given a slightly more detailed
explanation”.

preferred as they trusted their doctor and regarded them as the expert.

“I wouldn’t have wanted to be involved as I’'ve got confidence in my doctor and if he tells m@at S
what | need fair enough”.

“The doctors are the professionals, they know what they’re doing, | trust them. So /Q’t need to be

involved”. \O

All respondents (17) believed that starting medication was necessary ané&i it had benefitted

them in terms of preventing further problems.

“I saw that | had no choice but to take the medication. If | don@em it [a stroke] could happen
again. | could die | suppose”.

“The medication was necessary. | don’t mind taking w s for a good cause, | didn’t want any

more TIA’s”. @ P15
“The tablets have helped otherwise my bloqgd pressure wouldn’t be so low”. P3
“The tablets have been beneficial as l’\ﬁ&ad another mini stroke”. P7

o

However, a minority (3) also\@’essed serious concerns over side-effects and long term use.

“The only concern /’ye@ the cocktail of tablets and the interactions between them”. P2
“I was quite horr@%hen | found out the medication was for life. P11
Despite th ctance, reported adherence amongst all (17) patients was found to be excellent:

they ed to take their medication regularly and only occasionally missing a dose.

”f&@hem [medication] religiously every day. | don’t really miss a dose because my husband puts
%em all out of a morning”. P8

&Q “I take my tablets every morning. | only occasionally miss a dose which worries me”. P11



Experience of PAST BP trial
HCP experience

HCPs gave various reasons for their practice taking part in the PAST BP trial. The most common ones
included: for the long-term benefit of patients; to further research knowledge and understanding of
the condition; and because the research question was worthwhile and interesting. $

“We’re all for furthering knowledge and so we’re quite happy to participate in something that is < @
eventually going to benefit somebody somewhere”. HCP1 @A

“The fact that it’s a worthwhile trial and that it might benefit my patients in the long run w th
reason we took part”.

The majority of interviewees (7) were in agreement that the intensive blood pressu@argets were a
struggle to achieve because of increasing side-effects, particularly hypotensiono

“I think for the ones whose blood pressure has already been quite low, g@g it down below

10mmHG has been a bit of a struggle with extra side-effects”. HCP 5

“It’s been slightly more difficult for those with lower targets. Yo&@\o find that they get these

hypotensive episodes”. HCP 6

Furthermore, many (4) questioned the protocol of addi d|t|onaI medication or increasing the
dosage just to bring the blood pressure down by a @r 1-2mmHg to achieve the target.

is down a little bit more?” HCP4

“When you’ve got somebody who’s just a little ver target, you’re sort of thinking do we want to
give them any more medication just to dr

All interviewees (8) thought that the sty led to only a small increase in workload because there
were so few patients recruited. @

“Because we had so few patiéwts, | don’t think it really impacted on our workload very much”
HCP3

L

ve probably ha %le bit of an increase in the workload because I've been doing extra

paperwork, bujsi ot been labour intensive at all”. HCP4

Half (4)
highli that the trial raised their awareness of blood pressure control in general.

ved the study led to better control of blood pressure for those in the trial. Two

”Tk\'e have been benefits of the trial for the patients, because some of their pressures are better

%ntro/led” HCP2
X

L&

“The trial has made us more clinically aware of blood pressure control. We perhaps accept too high
numbers whereas actually we could be thinking about lower numbers”. HCP2

Some respondents (3) found the trial to be well organised and felt they received a lot of support
from the research study team, whereas others (3) said they experienced problems with the trial in
terms of a lack of communication from the study team.
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L&

“We’ve had a great deal of support from the University staff and | think without them we might have
struggled to keep people to the algorithm. But they’ve been very good” HCP4

“I didn’t know it was a year’s trial. When it finished | actually found out from the patients that it had
finished. Nobody contacted me to let me know things had finished” HCP1

Despite this, all HCPs (8) claimed they would take part in the trial again.

N

“We would take part in the trial again; | wouldn’t see no reason why not”. HCP2 X @

“Yes, we would take part again, without a doubt” HCP4 @

Patient experience K
Although all patients (17) claimed that the PAST BP trial was explained to them cIearIy&any (14)
their understanding of the study was poor. Q

“It was all very clear. | was given a lot of information to read”. \' P1

C’}' P7

*
“I didn’t know that | would have to wear the monitor and go hon@S4 hours. That was a bit of a
pain” 0 P10

“The study was obviously to see the effects of the media«bn on different people. Actually, I’'m not
quite sure what the idea was” @ P15

\QQ

Trial participants (13) gave two main reas xr taking part in the study: to contribute to research
that will help other stroke patients; an@receive monitoring thereby providing reassurance
regarding their health. %

“It was explained clearly. It was all pretty straightforward”

“I thought | would do it if it hQ@e/p someone. Even if it didn’t help me it would help someone else

in the future” Q P12

>
“I thought ifsome& ing to keep an eye on me, that’s good. Its peace of mind” P3
The concern ional medication was the leading reason for non-trial participants (4) failing to
consent toﬂ study.
“I'd didn’t want to be put on more medication, so | said if | can go in the group where | don’t

take more medication, fine. But if | then have to take more medication I’m not prepared to

P15

Most respondents (11) believed they had personally benefited from participating in terms of: raising
their awareness of blood pressure control; giving them assurance of their health though monitoring;
a feeling of contributing to research that will help others; providing them with social contact with
the study team; and lowering their blood pressure further.

“Its made me aware to watch my blood pressure and be careful” P3



*

L&

“One of the benefits is that somebody’s keeping an eye on my blood pressure which can’t be a bad
thing” P2

“It gives that feeling that I’'ve perhaps contributed to something. I’'ve done my social duty” P9

“Now I’'m retired, it’s a way of making sure you move about, you get out and you’re not sat at home

every day. | know it was only every three months but whoever | went to see, we had a chat about $
different things and | just enjoyed it Pll‘\g

“It’s done its job; it’s bought my blood pressure down to 130 and it was 164 in the beginning” @&

Several (5) felt there was a lack of feedback from the study team regarding the results of th< our

blood pressure monitor investigation. Despite this, all interviewees felt the trial was wo ile and

would take part again. @
“I’'ve had no feedback. | would have expected some sort of note to say your blo@wegure is high,

X P2

eedback of what it was

low, indifferent, whatever, but there was nothing”

“When | had that 24 hour monitor and | took it back, | was expecting
*

like over the 24 hour period and when was it high and when was._it didn’t know the outcome”

& .

“Because it’s going to benefit others and me, | would ga@w trial again” P1
“If it’s going to help others in the future then yes | take part again” P13

HCP attitude towards intensive blood pres%ﬁgets

All HCPs (8) expressed reservations over, t@easibility of setting intensive blood pressure targets for
patients, particularly older patients. T as due to side-effects such as dizziness and postural
hypotension from additional ori ed dosages of medication.

“Up to a point lower blood prégstre is better, but it’s going to be difficult to squeeze that extra bit
out really. And then thenethe potential for side-effects because of more medication. It’s not a win-

win situation” % HCP2
“I have a few ensions about it because generally that group’s an older group and | worry a lot
about poly, acy and the risk of falls and side-effects” HCP5

It was Qelt intensive targets would be difficult to achieve for patients whose blood pressure was
ré@t to medication. All respondents believed intensive blood pressure targets would need to

@fe a balance between side-effects and long term benefit for patients.

\S

“The side-effects of the medication have to be weighed up against the benefits of having lower blood
pressure” HCP4

“It’s good to be aggressive about blood pressure treatment in people with pathology such as TIA’s
and strokes, but | think you still have to get this balance right though because you can over treat and
then people don’t feel well” HCP6



Discussion

Summary of main findings

concordantly, for patients their involvement appeared to be limited to being given an explanation.
*

Although HCPs believed treatment decisions concerning antihypertensive medication were made $
However, it seemed they preferred to leave treatment decisions to the experts. Patients also :\Q
thought starting medication following their stroke/TIA was necessary and beneficial and reporte@

excellent adherence to their drug regime, despite some concerns over side-effects. K

Both HCPs and patients took part in the PAST BP trial for altruistic reasons: primarily to b@%t
stroke patients. Patients that refused to consent to the study did so due to concer taking
additional medication. Those patients that did take part claimed to have benefitte m

participating. \O

HCPs had reservations over the feasibility of intensive blood pressure ta due to potential side-
effects. In the trial, they found the intensive targets a struggle to akx and many questioned

adding additional medication or increasing dosages just to bring blood pressure down by a

"a

Our finding where patients prefer to leave treatment@lsions to the doctor is well documented in
1011 1t seems patients do not wan @dditional responsibility and would rather the
patients were largely over 60 years this finding

minimal amount.

Comparison with existing literature

other studies.
professionals decide for them. However, siggert

may be more common among the older p@ ion.

Research has shown about a third tg hal®of hypertensive patients do not adhere to their blood
pressure medication.’*®® Our st wever found reported adherence to be optimal. This

difference may be accounte %the fact that average rates of adherence in cI|n|caI trials is often
high due to the attent|on participants receive and the selection of patients.'* The discrepancy

may also be becausg F@ reported adherence is often overestimated.

Some of the pati \‘h our study expressed concerns over side-effects but continued with
treatment b@e of the perceived benefits: a finding consistent with previous research.”*

Stren d limitations
of the study is that all interviews were carried out by a single researcher thus maintaining
ency.'” However, since the researcher was non-medical, interviewee responses may have

‘\ en different if the researcher had been a clinician.

& The qualitative approach adopted by the study allowed an in-depth exploration of attitudes not
possible in quantitative surveys. Although the aim of qualitative research is not to be
generalisable,™ the patient sample was representative across trial arms, gender and whether they
had had a stroke or TIA. The participating practices were also representative of the 42 practices
initially approached to take part in the study. Both sample sizes were also sufficient to achieve
saturation.™



The way patients claimed to adhere to treatment changes in the trial is not necessarily what they
would do in reality. Equally, the medication changes made by HCPs as part of the study may not be
what they would actually do if lower blood pressure targets were set.

Implications

This study suggests that setting intensive blood pressure targets for patients is not considered

feasible by HCPs due to the potential for side-effects. Patients too appear to express concerns over « @
side-effects from extra medication. If intensive blood pressure targets result in additional A
medication and potentially more side-effects, it could lead to an even lower level of adherence @
Therefore, although intensive targets may offer long term benefits for patients, these benefy s&e

only possible if the medication is well tolerated and acceptable to patients. It seems a bé

between long term benefit and potential side-effects is needed if intensive blood pres@z targets

O
6\\
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Intensive Blood Pressure Lowering: Cost-effectiveness
analysis of intensive blood pressure lowering in people with

cerebrovascular disease in primary care

Authors: C Penaloza; S Jowett; P Barton; A Roalfe; K Fletcher; Clare Taylor; R McManus; FDR Hobbs; J $
Mant :\e
This section contains the cost effectiveness analysis that explored whether the potential benex
associated with intensive blood pressure lowering might be outweighed by potential adver cts

on quality of life and costs.

Q)

Background Q
There is controversy over how intensively to lower blood pressure in people ave had a stroke.
For this reason, the Prevention After Stroke — Blood Pressure (PAST-BP) mised controlled trial

was carried out, to compare two different targets for blood pressu @ering after stroke or TIA in
people recruited from a prevalent primary care population. In “\, participants were recruited
from stroke/TIA registers in English general practices during 2 11 and randomised to an
intensive blood pressure target (<130mmHg or a 10mmHg r@ction if baseline pressure
<140mmHg) or a standard systolic blood pressure tar e®40 mmHg). Over one year, mean
systolic blood pressure dropped by 16.1mmHgint é&nsive target arm and by 12.8mmHg in the
standard arm (difference between groups 2.9 =0.03). Here, we report the results of an
analysis utilising the results of the PAST BP¥§¢ial 3Md the literature to determine the cost

effectiveness of aiming for intensive bIoo@essure lowering targets after stroke/TIA in a primary

o

Methods (b

care population.

A Markov model was cor?cted to estimate the long-term cost-effectiveness, in terms of the cost

per quality adjustedrli

blood pressure lo in people with cerebrovascular disease. The model was developed using

r (QALY) gained, of intensive target and standard target strategies for

TreeAge Pro Sui 12 software. The analysis was conducted from a UK National Health Service

(NHS) and al Social Services (PSS) perspective.
The ad a time cycle of one year with a 30-year time horizon and the base-case analysis
codidered a cohort similar to that recruited to the PAST BP trial (aged 70 years old, 41 % female). A

t|ent started the model in a “previous stroke/TIA” health state and could move to one of three
Q 055|ble new health states (new stroke, myocardial infarction (Ml) or unstable angina, UA) or die.
& Movements between health states were defined by transition probabilities, which represented the

risk of experiencing an event within the one year time cycle. Long term costs and health outcomes
were assessed by attaching estimates of resource use and health outcomes to the model health
states. QALYs were calculated by multiplying life expectancy by the utility associated with a given
outcome. Cost-effectiveness was expressed as cost per additional QALY gained. The structure of the
Markov model is shown in Figure 1.
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Figure 1: Markov model
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ere used from the PAST-BP trial, supplemented by the best available
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Individual patient level d&ta
estimates from pulli sources (tables 1 and 2).

Model structu inputs
d in the initial health state ‘previous stroke/TIA’, and patients could remain in the

The cohor r
’previ@ke/TlA’ state if they were event free or moved to another health state if they
exp, ed a cardiovascular (CV) event or died (Figure 1). Office for National Statistics’ Life tables
wekgused to determine overall mortality dependent on age and gender, adjusted by CVD
rtaIity.l355 Death was attributed to either stroke, Ml or other causes. After a CV event,
individuals could survive from the event or die, with death from an event occurring within a year.
Individuals that survived a CV event moved to the chronic health state for that event, where annual
costs were incurred and quality of life was lower than in the ‘previous stroke/TIA’ state (Table 1).
Individuals in a chronic health state were assumed to remain in that state for the rest of their lives

unless they died within the time horizon for the model.



Table 1: Parameters used in the Markov model

Parameter Value Distribution Source
Unit costs £
GP consultations 33.00 Curtis L, 2012
PN consultations 11.25 Curtis L, 2012

Annual cost of consultation per patient (UK £) - Intensive BP lowering
GP consultations 86 PAST-BP Trial
PN consultations 35 PAST-BP Trial

Annual cost of consultation per patient (UK £) - standard target

GP consultations 50 PAST-BP Trial @
PN consultations 29 PAST-BP Trial Q
Average cost of hypertensive drugs per patient £ per year O
Intensive BP lowering 23 BNF 2013 \

Standard target 20 BNF %0]@()

Intensive BP lowering 144 Gamma s L. 2012 & BNF 2013
urtis L. 2012 & BNF 2013

Cost for the initial state £ per year Q\
@I

Standard target 100 Gamma
Costs of acute disease £ one-off cost @Q

Stroke 11020 Ga Youman et al (2003)
M 5487 q% Palmer et al, 2002
Unstable Angina 3292% Garhma Assumed 60% of Ml
Costs for long-term (chronic) disease £ gr

Stroke 62721 Gamma Youman et al (2003)
Ml % 572 Gamma Cooper et al (2008)
Unstable Angina Q 572 Gamma Cooper et al (2008)

Utilities for the initial~\®1Q
state \

Intensive BP low
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¥4 years old 0.78 Beta
0&5—84 years old 0.71 Beta
Q‘\ 85 and over 0.69 Beta
*
. ities for acute disease Cooper et al (2008)
&able angina (UA) 0.77 Beta
Myocardial Infarction (Ml) 0.76 Beta

Stroke 0.63 Beta




Table 1 (cont)

Parameter Value Distribution Source
Utilities for long term (chronic) disease
Unstable angina (UA) 0.88 Beta Cooper et al (2008)
Myocardial Infarction (Ml) 0.88 Beta

N

Stroke 0.63 Beta
N2

Annual event probabilities @

Stroke Progress, (2001)
65-74 years old 0.03 K
75-84 years old 0.06 @
85 and more 0.07
NICE, Lipid modifi Q
Myocardial Infarction (Ml) Guidelines 6
65-74 years old 0.01 0
75-84 years old 0.01 . @
85 and more 0.02
| ipid modification
Unstable Angina (UA) Ceiidelines
65-74 years old 0.01 Q
75-84 years old 0.02 @
85 and more 0.02 @

Probability of death from an event

Fatal stroke 0.16\, Ward et al (2007)

Fatal myocardial infarction

(M1)
65-74 years old 60.39 Ward et al (2007)
75-84 years old @' 0.29 Ward et al (2007)
85 and mor Q 0.23 Ward et al (2007) 11(14)

* Annual cost of drugs Iculated on the basis of commonest drug and dose per drug group per
armat6and 12 m ?\@

consultatio

t Total cos :&@1 costs of drugs and costs of general practice (GP) and practice nurse (PN)

Annu @smon probab|l|t|es determining the risk of a stroke/TIA were based on the results of the
PR S trial.2'® Age-related risk reduction for coronary heart disease (CHD) and stroke associated
itthsubsequent reductions in systolic BP observed in the PAST-BP trial were obtained from Law et
‘\ (Table 2)3'® The risk reduction for CHD was applied to both MI and UA. The probability of each CV
& event occurring, the risks of dying from stroke or Ml and the increased risk of death once in a
chronic health state incorporated in the model are shown in Table 1. Outcomes were discounted at
the standard annual rate of 3.5%.4°"



Table 2: Estimates of age-related risk reductions

Description Standard target Intensive BP lowering Source

Stroke

60-69 0.59 (0.55, 0.63) 0.52 (0.47, 0.56) Law et al & PAST-BP

70-79 0.65 (0.61, 0.68) 0.58 (0.54, 0.63) Law et al & PAST-BP

80-89 0.78 (0.73,0.82) 0.74 (0.68, 0.78) Law et al & PAST-BP

Myocardial infarction & Unstable Angina $
60-69 0.68 (0.65, 0.70) 0.62 (0.59, 0.65) Law et al & PAST-BP . @
70-79 0.72 (0.69, 0.75) 0.68 (0.63, 0.70) Law et al & PAST-BP N\
80-89 0.78 (0.74,0.81) 0.74(0.69, 0.77) Law et al & PAST-BP KQ

Resource use and costs K
Costs are reported in UK pounds at 2011-12 unit prices, and were discounted at 3.5% Q’num as

recommended by NICE.4**°

Resource use and costs per patient were obtained fro AST-BP
trial and applied to the initial health state in the model. Costs for acute and chrgmnjc states were
obtained from published sources.5-8"°"****% Costs considered over the Iifeti& the model
included the cost of antihypertensive drugs, consultation costs and subsé)&nt cardiovascular

events. A summary of all costs included in the model is shown in Tabl

Utility values Q\

All utility scores are shown in Table 1. The starting utilities f initial health state in the model

359

were obtained from Ara et al.9™” The occurrence of acyeg events were assumed to happen

approximately six months into a one year cycle; indivj stayed in that acute state for six months

before transitioning into a chronic state. Utilities f € acute state were applied mid-way through
the one-year cycle and those for the chronic st the start of the next cycle following an acute
event. Future health state utilities were esi ed by multiplying the starting quality of life with that
of the new health state. We have assu at different intensity of blood pressure management

had no effect on quality of life.10%

O

Analysis
Probabilistic analyses wer: &n the base case based on 10,000 Monte Carlo simulations. A
d to the costs obtained from the PAST-BP trial. Beta distributions were

gamma distribution w
used to model the v ility of dying from any of the cardiovascular events as well as the
uncertainty arou e utility values. A cost-effectiveness plane and a cost-effectiveness
acceptabilit (CEAC) were constructed. The plane shows the relationship between the
increme& st and incremental effect of intensive BP lowering relative to standard target while
the C

staidaid target at different willingness-to-pay thresholds.

picts the probability of intensive BP lowering being more cost-effective compared to

*
\%\certainty in the results of the model was assessed through sensitivity analyses. These involved

&Q varying the time horizon for the model until the intensive BP lowering strategy was not cost-
effective. Time horizon was chosen to represent a plausible range within which the cost-
effectiveness of the intervention could be assessed.



Results

The base-case lifetime costs and QALYs, are presented in Table 3. Compared to a standard BP target
of 140 SBP, intensive BP lowering of hypertension was in a position of dominance, being cheaper
and more effective, and therefore is the treatment of choice. Intensive BP lowering was associated
with average cost savings per patient of £130 and an additional 0.08 QALYs.

Table 3: Lifetime costs and outcomes per patient . ®$

Costs (£) QALYs cost (£) QALYs QALY)
Standard target 10,253 8.06

Intensive BP é

lowering 10,123 8.14 - 130 0.08 Domfignt

Incremental Incremental ICER (£ per @

Figure 2 presents the cost-effectiveness plane comparing intensive BP lowerin stahdard target
when distributional uncertainty was incorporated. The plane shows the j 'nt’&bution of the
mean incremental costs and mean incremental effects (QALY gains) wit of the results
between the north-east and south-east quadrant, indicating that ove@mtensive BP lowering is

more effective but with a large amount of uncertainty around t@ ence in costs

Figure 2: Incremental cost-effectiveness plane comparing tf%gwive BP lowering strategy vs.
standard target strategy or usual care Q
~
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Q he CEAC was calculated from the joint density of incremental costs and incremental QALYs (Figure

& 3). The CEAC shows that if a healthcare commissioner has a willingness-to-pay of zero, 60% of the
model replications indicated that intensive BP lowering was cost-effective and where the
commissioner was willing to pay £20,000 per QALY gained, the likelihood of cost-effectiveness was
88 per cent (figure 3).



Figure 3: Cost-effectiveness acceptability curve (CEAC) for the intensive BP lowering model showing
the probability that the intervention is cost-effective
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Sensitivity analysis was undertaken by varying the timeﬁ@zon of the model, using two approaches.

o
[uny
1

o
L

Firstly, model was run for the time horizons of 20, 1 d 6 years exploring when the intensive BP
lowering strategy was no longer a dominant strat@The model was also run for time horizons of 6,
3, 2 and 1 year to explore when the interveptio s no longer cost-effective at a threshold of

£20,000 per QALY. The results of cost-eff

are shown in Table 4. Intensive BP low.

ess analysis of varying the time horizon of the model
as cost-effective, at a threshold of £20,000 per QALY,
starting in the second year of tre;?ﬁnt. Similarly the intensive target strategy becomes the

dominant strategy after 6 years intervention (Table 4).



Table 84: Sensitivity analysis: time horizon

Incremental
Incremental effectiveness
Costs (£) QALYs cost (£) QALYs ICER(£/QALY)
20 years
Standard target 9,219 7.68
Intensive target 9,091 7.75 -127 0.071 Dominant $
10 years
Standard target 4,990 5.62 A
Intensive target 4,936 5.65 -54 0.032 Domina @

7 years é

Standard target 3,234 4.41

Intensive target 3,227 4.42 -8 0.017 Qominant
6 years \9

Standard target 2,639 3.92 \

G_Ols 638
%)
3 years OQ\

Standard target 1,177 2.18

Intensive target 2,647 3.93 8

Intensive target 1,203 2.18 % 0.003 8,269
2 years @Q

Standard target 762 1.51 @

Intensive target 784 ’1\@ 22 0.001 19,112
1 year life time O

Standard target 368 Q 0.78

Intensive target 382 G) 0.78 13 0.000 356,876

4

o
> OQ
Discussion \3

Our analysis s that aiming for an intensive systolic blood pressure target of 130mmHg or
lower in p ith a history of stroke or TIA in primary care is cost effective provided that a
separ‘\ n blood pressure between intensive and standard care is maintained for at least two
eed, over the long term (six years or more), using an intensive target is the dominant
avegy, being more effective and lower cost, with the costs of treating fewer cardiovascular events
\% setting the increased costs associated with delivering a more intensive target. These results are
sensitive to the time horizon used. If the difference in blood pressure is not maintained beyond
twelve months, then aiming for this target is not cost effective. The SPS3 trial, which involved
different targets for blood pressure in people with a history of lacunar stroke, did find that
differences between arms were maintained up to eight years after randomisation113%® While the
SPS3 trial was not set in primary care, and involved a different younger group of people with
cerebrovascular disease than PAST-BP, this provides some evidence that it is reasonable to expect
long term differences in blood pressure to persist.



PAST-BP was not powered to detect differences in clinical end points between arms, and so we
estimated the impact of observed blood pressure reductions by applying these to the results of a

T . 102
systematic literature review.3

While this review was not restricted to people with previous
stroke, the relative reductions in cardiovascular risk associated with reduction in blood pressure

appears to be similar in people with and without existing cerebrovascular disease.12” However, in

the only other trial of different targets for blood pressure after cerebrovascular disease —the SPS3

trial - an 11mmHg difference in systolic blood pressure between arms was only associated with a $
non-significant 19% reduction in the risk of stroke.11%® This result is in contrast to the 28% ¢ @
reduction in stroke risk associated with a 9mmHg reduction in PROGRESS,2° and the confidence A
intervals of the effect on stroke risk in SPS3 were wide. KQ

Our results are consistent with the results of a cost-effectiveness analysis based on the P@ESS
trial, which found treating people with cerebrovascular disease was cost-effective, wi@cost per
QALY of £6,927 over four years.13*”° Whereas our analysis found long term treatm o be
dominant, in the PROGRESS trial, using the perindopril regimen remained m ensive than
standard care in the long term. This is probably because the costs of the r%&ﬂ drugs have
dropped by about 90% since the PROGRESS economic analysis was perf d: for example,

perindopril now costs £1.72 per month, as opposed to £10.95 as aﬁ\@,in 2005.13,14%7938°

Conclusion OQ
)

This analysis suggests that it is cost-effective to aim to q@ve even the moderate reductions of
3mmHg in blood pressure that are associated with ta@
130mmHg or less as compared to a target of less t@ 140mmHg in people with cerebrovascular

g a systolic blood pressure target of

disease in primary care. In the absence of side cts of treatment, it may therefore be appropriate
to aim for a more intensive target than 1 g in individual patients. However, the difficulty in
achieving a target such as 130mmHg s s that the focus of attention in the community should

primarily be on actively managing %tjen s with stroke to achieve a target of less than 140mmHg
rather than ‘failing’ with more aghpjttous targets.

N

References
OO

(1) Officef &tlonal Statistics. Interim Life Tables for England. 2012.

(2) P S Collaborative Group. Randomised trial of a perindopril-based blood pressure
IQ/ ing regimen among 6105 individuals with previous stroke or transient ischaemic
s\@tack. lancet 2001; 358:1033-1041.

*
® Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of
cardiovascular disease: meta-analysis of 147 randomised trials in the context of

*
&Q\% expectations from prospective epidemiological studies. bmj 2009; 338:b1665.
(

4) National Institute for Clinical Excellence. Guide to the Methods of Technology Appraisal.
NICE 2004.

(5) Cooper A, Nherera L, Calvert N, O'Flynn N, Turnbull N, Robson J et al. Clinical Guidelines
and Evidence Review for Lipid Modification: cardiovascular risk assessment and the
primary and secondary prevention of cardiovascular disease. NICE 2008.



(6)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

(14)

Youman P, Wilson K, Harraf F, Kalra L. The economic burden of stroke in the United
Kingdom. Pharmacoeconomics 2003; 21 Suppl 1:43-50.

Palmer S, Sculpher M, Philips Z, et al. A cost-effectiveness model comparing alternative
management strategies for the use if glycoprotein 1IB/IIIA antagonists in non ST-elevation
acute coronary syndrome. York: Centre for Health Economics; 2002.

NHS Reference Costs. NHS 2012.

)
Ara R, Brazier JE. Using health state utility values from the general population to A\
approximate baselines in decision analytic models when condition-specific data are no@
available. Value Health 2011; 14(4):539-545.

McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield S et al. Telemonjt@fihg and
self-management in the control of hypertension (TASMINH2): a randomis é&trolled
trial. lancet 2010; 376(9736):163-172.

Benavente OR, Coffey CS, Conwit R, Hart RG, McClure LA, Pearc L@. Blood-pressure
targets in patients with recent lacunar stroke: the SPS3 rando%&itrial. lancet 2013;
382(9891):507-515.

*

Staessen JA, et al. Cardiovascular prevention and blo Xre reduction: a quantitative
overview updated until 1 March 2003. Journal of nsion 2003; 21:1055-1076.

Tavakoli M, Pumford N, Woodward M, Donew?halmers J, MacMahon S et al. An
economic evaluation of a perindopril-base d pressure lowering regimen for patients
who have suffered a cerebrovascular ev@ Eur J Health Econ 2009; 10:111-119.

Q

British National Formulary. 65th e\kondon: BMJ Books; 2013.

O





