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Summary 
 

Researchers from The Health Foundation’s Quest for Quality and Improvement Programme (QQuIP) have 
developed an approach for analysing the relative scale of benefits of health policies to help assess where 
money might be spent to greatest effect. Their approach builds on the convergence of recent 
methodological developments for measuring the impacts of health policy interventions on target 
populations. The method involves analysing the impacts of a policy intervention in terms of various 
measures of the current Burden of Disease (BoD) and the BoD that is ‘avoidable’ from the intervention; 
this is measured by gains in Quality-Adjusted Life Years.  
 
In this report they focus on stroke care in England. Stroke is the brain equivalent of a heart attack and is 
the third cause of deaths and the leading cause of adult severe disability. Hence it accounts for a very 
high BoD. They consider six drastic interventions to reduce the BoD from stroke: (i) admitting all patients 
that presents to hospital to a stroke unit; (ii) providing thrombolysis to 9% of stroke patients; (iii) 
prescribing a first line antihypertensive to all 55-year old or older people (unless they develop side 
effects); (iv) prescribing a first line antihypertensive to all people with blood pressure above 140/90 
mmHg (unless they develop side effects); (v) reducing average daily sodium intake through processed 
food by 30% (by 3gr salt); (vi) reducing average daily sodium intake by reducing salt content in bread (by 
1.5gr salt per day). 

Findings 
The current BoD from strokes occurring in one year is 663,000 QALY lost (474,000 discounting future 
outcomes). Extending stroke units is estimated to have only a limited impact in reducing the BoD at the 
population level: by about 6%.  But the limited impact from achieving universal admission of stroke 
patients to specialised stroke units dwarfs the minimal impact attributable to Thrombolysis: a reduction of 
the BoD of less than 0.5%.  Preventive interventions have a greater scope to reduce this burden than 
acute care interventions.  Assuming that all people above the age of 55 were to take a first line anti-
hypertensive, the burden can be reduced by about 14%.  If the new prescribing were limited to 
hypertensive people 7% of the burden would be avoided.  A public health intervention to reduce the daily 
intake of salt (sodium) by 30% as proposed by the target set by the Food Standard Agency in England 
would reduce the burden by 18%.  In fact any reduction of average blood pressure in the population will 
have a substantial impact on reducing the BoD:  a reduction by 2 mmHg by reducing salt content in bread 
is estimated to reduce the BoD by about 7%.  The reduction in the BoD achievable with preventive 
interventions are underestimate of the overall benefit because these are reductions in the burden caused 
by stroke only and do not take into account the reduction in mortality and morbidity associated with other 
coronary heart diseases. 

Research implications  
Estimating the current and the ‘avoidable’ BoD at the population level allows those responsible to develop 
health policies to have a clearer expectation on what proportion of the current burden can be reduced.  If 
there is a large BoD associated with a condition (e.g. stroke) and there is a highly cost-effective 
intervention (e.g. thrombolysis) it does not follow that the intervention will have a big impact on reducing 
the burden.  This paper shows that although both stroke units and thrombolysis are worth doing on a 
cost-effectiveness basis, they are insufficient to reduce substantially the burden caused by stroke. 
 
We are not arguing against the promotion of stroke units and thrombolysis.  In fact, thrombolysis 
increases health and saves money if we take into account future savings from better outcomes. The point 
we emphasise is that it would be mistaken to assume that these interventions offer potential materially to 
reduce the BoD, because, even if patients were receiving the best possible care, having a stroke would 
still be a major cause of mortality and disability.   
 
Our framework shows that a package of care that aims at preventing strokes in the first place could 
materially reduce the BoD caused by stroke.  In addition to the health benefits, a package that includes 
primary prevention is both financially and managerially attractive.  The impact of preventative 
interventions on the BoD, their affordability and feasibility suggest that reducing stroke incidence through 
primary prevention should be a major measure of success of a stroke strategy. 
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1 Introduction  
 
This report is part of one of three streams of work of QQuIP (Quest for Quality and Improved 
Performance), a major five-year, £2.5 million research initiative supported by The Health Foundation and 
launched in July 2005. QQuIP independently collects analyses and reports on a wide range of data about 
current performance and capacity for improvement, both in quality and cost effectiveness.  It aims at 
providing coherent and accessible information on where healthcare resources are currently being spent in 
England and whether that investment provides value for money.  It draws on the international evidence-
base to produce a comprehensive series of overviews that describe the range and diversity of 
interventions used to seek improvements in system performance, summarising their impact and 
effectiveness. Figure 1 gives the three main streams of work of QQuIP: 
 

• Quality Information Centre (QuIC): a database that draws together available data on quality and 
performance; focusing in the first instance on England and using other countries for comparative 
purposes.  This is made available via a dedicated, searchable website 
(http://www.health.org.uk/qquip/). 

• Value for Money (VfM): Development of methods that link data on expenditure, outputs, 
outcomes to provide information on cost-effectiveness.  Our aim is to undertake these analyses 
within and across disease groups (e.g. cardio-vascular disease and mental illness).  

• Quality Enhancing Initiatives (QEI): a series of structured reviews of a wide range of interventions 
or initiatives designed to improve quality of healthcare (e.g. results from clinical trials). The 
research evidence is presented regarding impact and effectiveness. 

 

 
Figure 1 The three main streams of work of QQuIP 

 
QQuIP follows the seminal report by Leatherman and Sutherland  The Quest for Quality in the NHS: A 
Mid-Term Evaluation of the Ten-Year Quality Agenda (Leatherman and Sutherland 2003). They 
characterized the quality agenda for the NHS in England as being the ‘most ambitious, comprehensive, 
systemic and intentionally funded effort to create predictable and sustainable capacity for improving the 
quality of a nation’s health care system’ (Leatherman and Sutherland 2003; Leatherman and Sutherland 
2004). Their analysis of quality is organised into six domains, effectiveness, access, capacity, safety, 
patient-centredness, and disparities; and examines three different kinds of data, snapshot, trends and 
international benchmarks.  Their latest report on quality in England (Leatherman and Sutherland 2005; 
pages viii to xxiv) shows good progress in access; mixed progress in effectiveness, capacity, no progress 
in patient-centredness; and persistent problems in safety and disparities.   
 
Cerebrovascular diseases account for a high burden of disease in developed countries; in the UK, they are 
the third most common cause of death and the leading cause of adult severe disability (Adamson, Beswick 
et al. 2004; National Audit Office 2005).   Of these diseases, stroke is the most important; it accounts for 
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80% of cerebrovascular deaths every year (Office for National Statistics 2001; Office for National Statistics 
2002; Office for National Statistics 2003; Office for National Statistics 2004; Office for National Statistics 
2005). Leatherman and Sutherland (Leatherman and Sutherland 2005; page 34) report various indicators 
for cerebrovascular disease and stroke. Although trends in mortality rates from stroke show these have 
halved between 1993 and 2006, international comparisons suggest that stroke outcomes are worst in the 
UK.  Comparing mortality rates from cerebrovascular disease for five countries (UK, Germany, Australia, 
US, and France) over the period from 1997 to 2002 shows that: in 1997, Germany, had the highest rate 
(67.9/100,000) and England the second highest (67.9/100,000); but in 2002, the UK had the highest rate 
(55.9/100,000) and Germany the second highest (45.4/100,000). Throughout this period, the UK had the 
highest potential Years of Life Lost (YLLs – using an age limit of 70). On an organisational perspective, 
Leatherman and Sutherland also reported the high variability of effective early management on stroke 
units, despite ample evidence that patients receiving inpatient care on a stroke unit have better chance of 
survival and recovery.  These data are routinely collected by the Royal College of Physicians through the 
National Sentinel Stroke Audit which is being conducted every two years since 1998.  The Sentinel Audits 
helped inform the National Audit Office’s national review of stroke care (National Audit Office 2005) and 
the subsequent Enquiry by the Public Accounts Committee (Public Accounts Committee 2006) which 
brought together data on quality with cost-effectiveness in stroke care.  
 
The audits on stroke care signal a shift from the past; in the past there was a perception that little that 
healthcare could offer once a patient had a stroke (e.g. Holland 2000) and the main message was that 
stroke should have been prevented.  The evidence of effective care moved the attention to what the 
healthcare system could do (in particular stroke units, quick diagnosis to start medication and 
rehabilitation as soon as possible).  The audits on stroke care put more emphasis on what healthcare is 
currently providing for stroke victims and less on what the healthcare system is doing to prevent stroke in 
the first place (contrary to what is happening in the international scene, e.g. Murray et al, 2003).  The 
Department of Health developed “ASSET”, a tool to support commissioners of stroke care comparing the 
impact of three preventive interventions with acute care interventions and early supported discharge but 
the only direct comparison is the number of beds saved. A more comprehensive analysis is included in the 
impact assessment produced to support the National stroke strategy (Department of Health 2007; 
Department of Health 2007). However, although the stroke strategy document suggests the potential 
great benefits from primary prevention, these are not systematically included in the impact assessment.  
In this report we estimate the implications for benefits and costs from two acute care interventions 
(increasing patients on stroke units and those receiving thrombolysis) and two preventive interventions in 
stroke care (increasing prescribing of antihypertensive drugs and reducing the content of sodium in 
processed food). 
 
The evaluation of treatment and prevention of stroke adds to technical reports, that examined benefits 
from three interventions cited by Leatherman and Sutherland (2005): improving glucose control in Type 1 
Diabetes (Airoldi, Bevan et al. 2006), improving statin prescribing to reduce high cholesterol (Oliveira, 
Bevan et al. 2006)1 and the National Suicide Prevention Strategy(Morton, Bevan et al. 2006)2. A fourth 
                                                
 
 
 
1 Leatherman and Sutherland (2005, page 20) reported that, in 1999, of six comparator countries, the 

UK had the second highest mortality rates from Coronary Heart Disease (CHD) for people aged 35 to 
74 years of age.  CHD causes over 100,000 deaths each year in the UK and is the most common cause 

of premature mortality (Petersen et al. 2005), some of which is ‘avoidable’ by prescribing statins to 

reduce high cholesterol. Leatherman and Sutherland (2005, page 32) report that the use of statins 
across Europe is extensive but variable: in 2000, about 24 Defined Daily Doses (DDDs) were 

prescribed per 1000 adults per day in England; whereas Norway, with the highest rate of statin 
prescribing, had a rate two and a half time that of England.  Despite large increases in prescribing 

rates in England, there is still incomplete coverage (Majeed et al., 2000) and wide regional variations 
(HealthCare Commission 2005). Furthermore, of those being prescribed statins, about 30% are 

prescribed a lower dosage than is required for effective prevention, and compliance varies between 
80% and 95% (Ward et al., 2005).   
2 Hawton (1998) argued that a focus on suicide is directly relevant to mental health strategy in primary 

care, social health and economic policy. And that, since the original targets were set in 1992 (Secretary 

of State for Health, 1992), there had been a decline in the overall suicide rate, and most importantly, 
the previous rapid rise in suicides in men aged 15-44 years had started to reverse. Suicide prevention 
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report (Bevan, Airoldi et al. 2007) gives an overview of this work and summarises the different projects 
with their findings and implications. 
 
The Wanless Report (Wanless 2002) provided a justification for the substantial annual real growth in 
expenditure on NHS resources, which is now coming to an end, to finance improvements in quality of care 
and gains in health.  The Report emphasised the importance of rigorous independent audit to ensure that 
money is being well spent, to enable policy to be periodically re-assessed and to allow the continuing 
trade-offs to be made and debated publicly. The new way of measuring NHS productivity seeks to apply 
one of the fundamental principles of the Atkinson Review that ‘output of the government sector should in 
principle be measured in a way that is adjusted for quality, taking account of attributable incremental 
contribution of service to outcome’ (Atkinson 2005).   Or, to put it another way, this new way of 
measuring NHS productivity offers one assessment of whether the extra funding of the NHS is justified in 
terms of the rationale for this extra funding as developed by the Wanless review.  
 
Martin et al. (Martin, Smith et al. 2006), as part of QQuIP’s analysis of VfM, reviewed the recent studies of 
NHS productivity (Dawson, Gravelle et al. 2005; Department of Health 2005; UK Centre for the 
Measurement of Government Activity 2006). These studies give snapshots of the past (from 1998/99 to 
2003/04) with varying estimates of productivity that are marginally positive or negative3. Figure 2 gives 
UK spend on NHS as a percentage of GDP from 1948 to 2008 and shows that increases in spending on the 
NHS since 2001 are without precedent.  The sheer scale of these increases between 2001 and 2008, when 
set alongside the estimated changes in productivity between 1998/99 and 2003/04, suggest that that NHS 
productivity, measured by applying the Atkinson principle, will fall over the next few years (Maynard and 
Street 2006).  For instance, the review of the new contract of general practitioners shows that the 
increase in consultations has been lower than the increase in cost, determining a loss of productivity 
(National Audit Office 2008). Looking forwards, the Prime Minister emphasised the urgency with which the 
NHS must deliver efficiency from its huge extra ‘investment’(Edwards 2006). As Black et al. (Black, 
Browne et al. 2006) pointed out, the next British general election will probably be fought over the 
productivity of public services with Opposition parties having already claimed that the unprecedented 
growth in NHS expenditure, between 2001 and 2008 has been misspent.  If the government and the NHS 
do not know the impacts of current policies on productivity, they are flying blind into a likely future storm 
over the efficiency of the NHS when the period of unprecedented increases in NHS funding ends in 20084.   
To assess these impacts requires economic analysis of the impacts of policies and priorities on the 
population of England. 
                                                                                                                                                   
 
 
 
remains a focus of national policies for mental illness as shown by the publication of the National 
Suicide Prevention Strategy (Department of Health 2002) and continues to attract Ministerial attention.  

There are good reasons for this: suicide is the commonest cause of death in young men and hence the 
potential benefits of preventing a suicide are of many years in good health. 
3 The greatest impact on the new measure of productivity was from the estimated gains from 
prescribing statins by the Department of Health (2005a and b): over the period 1998/99 to 2002/03 

this was estimated to range from 0.7% to 0.9%. These were derived from the estimated reductions of 

83,000 Years of Life Lost (YLLs); which were valued at £2.5bn valuing a Quality-Adjusted Life Year 

(QALY) at £30k (which is often taken as the benchmark for an intervention to be deemed to be cost-
effective).   
4 We pointed out above that NSFs lack a grounding in which priorities reflect value for money.  The 

values of reducing waiting times (to 18 weeks from GP referral to elective hospital admission) are likely 
to have a minimal impact on estimates of NHS output: as reductions in waiting times have had a 

minimal impact on estimates of NHS output (Martin and Smith, 2006). The emphases on choice backed 

by the policy of  ‘payment by results’ is explicitly designed not to improve productivity as measured by 

the cost-weighted activity index, as this policy fixes costs for activity at estimated average costs in the 
past. 
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Figure 2 UK spend on NHS as % of GDP 

 
 
Clive Smee’s authoritative account of two decades of economic analysis in the Department of Health 
(Smee 2005; pages 79 to 99) makes clear the intermittent way in which some national policies have been 
informed by cost-effectiveness analysis and others have not. As he pointed out, variable use of cost-
effectiveness analysis in the development of National Service Frameworks (NSFs), caused Wanless 
(Wanless 2002) to recommend that ‘future NSFs should be fully costed to incorporate detailed information 
about cost-effectiveness’; and, he reiterated that recommendation two years later (Wanless 2004)5. A 
similar recommendation came from the National Audit Office, which advised the Department of Health to 
fully cost the impact of any change to the GP contract and to pilot them before implementation to avoid 
ex-post surprises (National Audit Office 2008).  Within the NHS, the situation is, if anything, worse, where, 
as Smee points out, there is limited and poorly organised analytic capacity.  A recent account of priority 
setting in two PCTs that used an explicit scoring mechanism to prioritise proposals for new funding, 
however, pointed out that other pressures had a greater impact on the final scores than NICE guidance 
(Iqbal, Price et al. 2006). Wanless (Wanless 2002) called for NICE to examine older technologies and 
practices, but PCTs still lack information on what they ought to stop to be able to afford the increased 
costs of implementing NICE guidelines (Maynard and Street 2006).   
 

2 Outline of our approach  
 
There are two relevant methodological approaches to inform assessment of VfM and setting priorities. One 
approach gives estimates of the cost-effectiveness of interventions in costs per Quality-Adjusted Life Year 
(Cost/QALY): a QALY is a life year weighted for quality of life (with a weight of one for perfect health and 
zero for death); the Cost/QALY of an intervention is the ratio of the required additional spend to the 
difference between QALY with and without the intervention.  The other approach gives estimates of the 
Burden of Disease (BoD) in Disability-Adjusted Life Years (DALYs): the sum of Years of Life Lost (YLLs) 
from premature mortality and Years Lived with a Disability (YLDs) (each year of life is weighted for 
disability with a weight of zero for perfect health and one for death). Each approach aims to provide a 
way of measuring benefits on a common scale (gains in QALY or reductions in the BoD in DALYs).  
However, these aims remain aspirations given common serious methodological, ethical and empirical 
problems.  There is still dispute over how to: measure states of illness (or health) and hence weight 
quality of life on a common scale; weight improving quality of life against extending life; weight future 
                                                
 
 
 
5 And the absence of an overarching framework to set priorities across the different programmes may 
explain why Sir Nigel Crisp, then Chief Executive of the NHS in England, was flummoxed by a question 

on cost-effectiveness by the Public Accounts Committee (on the Report by the National Audit Office 

(2005) on stroke care: Public Accounts Committee, 2005, pp Ev 9 - 10).   
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costs and benefits in terms of their current values; and account for uncertainty. But each approach, as 
originally developed, was subject to further different limitations as bases for setting priorities. 
 
The methodology of Cost/QALY was designed for marginal analysis: it may prioritise interventions of low 
cost and low benefit over those of high cost and high benefit6; does not tell us whether the bulk of 
resources are being currently used most effectively (Hutubessy, Chisholm et al. 2003; Evans, Adam et al. 
2005); nor the number of people affected by an intervention7.  The standard approach to estimating BoD 
in DALYs gives estimates of that which exists given the current delivery of health care, and hence is best 
described as the ‘current’ BoD.  This does not give us information on the ‘avoided’ BoD from the current 
delivery of health care.  The sum of the ‘current’ and ‘avoided’ BoD gives the ‘total’ BoD: i.e. that which 
would exist in the absence of health care.  This is indicated by Figure 5 which also separates the ‘current’ 
BoD into two elements: ‘avoidable’ and ‘unavoidable’ BoD: i.e. that which is, and is not, amenable to 
reduction through the provision of health care (Bevan, Hollinghurst et al. 1998; Hollinghurst, Bevan et al. 
2000; Hollinghurst and Bevan 2003). The concept of ‘avoidable’ burden of disease builds on the idea of 
using ‘avoidable mortality’ to assess the use of resources among different health care services (Rutstein, 
Berengerg et al. 1976; Charlton, Hartley et al. 1983; Holland 1991) and combines it with DALYs to 
estimate both mortality and morbidity which are avoidable through an intervention. Estimates of the 
current BoD in DALYs are of no value in themselves, nor a good guide to the information we require on 
the ‘avoidable’ BoD. Figure 6 shows that estimates of the proportion of ‘avoidable’ to current BoD in 
DALYs in the South West of England varied greatly across different diseases: although the estimated 
current BoD in DALYs from heart disease were much greater than for depression, the estimated 
‘avoidable’ BoD in DALYs for depression was greater than for heart disease (Hollinghurst et al, 2000). To 
set priorities, we require information on benefits and costs, but to interpret the relationship between 
DALYs and costs, we need to distinguish between estimates of three different components of BoD: 

• DALYs that have been ‘avoided’ through current treatment (compared with what the outcomes 
would have been with no therapy), which together with current costs, indicates cost-effectiveness 
of current practices; 

• DALYs that would be ‘avoidable’ through improving treatment (coverage, appropriateness or 
compliance) which need to be put alongside estimates of their costs to indicate potential cost-
effectiveness of changing practices; and 

• DALYs that are ‘unavoidable’ and cannot be reduced given current evidence, and are hence 
irrelevant to assessments of cost-effectiveness. 

 
                                                
 
 
 
6 As in the famous attempt to set priorities in Oregon using the cost/QALY methodology, tooth capping 
was given higher priority than appendectomy (Hadorn, 1991; Eddy, 1991); but we want the NHS in its 

role as insurer to cover costs of the latter in preference to the former. 
7 In framing policies, we require estimates not just of the ratios of costs to benefits, but also the scale 

of the gains in health for populations: e.g., if policy A were marginally less cost-effective than policy B, 
but A affects millions and B only hundreds, then A is likely to be preferred 
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Figure 4 Estimates of ‘avoidable’ & ‘unavoidable’ BoD 

 
 
To provide information to set national and local priorities we require methods that draw on both 
cost/QALY and DALYs by applying the framework of cost-effectiveness to populations (Hollinghurst and 
Bevan 2003).  This is becoming accepted practice as illustrated by:  
 

• The study by Andrews et al (Andrews, Issakidis et al. 2004) of the cost-effectiveness of treating 
different types of mental illness for the population in Australia;  

• WHO’s project for Choosing Interventions that are Cost Effective (CHOICE), which aims to provide 
the analytic basis for achieving Millennium Development Goals in developing countries by relating 
costs of interventions to their impact in terms of the ‘avoidable’ YLLs in populations (Hutubessy, 
Chisholm et al. 2003; Evans, Edejer et al. 2005); 

• estimates of NHS productivity from gains in QALY for the population of England (Dawson, 
Gravelle et al. 2005; Department of Health 2005; Martin, Smith et al. 2006; UK Centre for the 
Measurement of Government Activity 2006); 

• the health impact assessment of the National Stroke Strategy (Department of Health 2007); and 
• the new manual for health technology appraisals produced by NICE  which recommends that “an 

estimate of the resulting health impact (for example, QALY or life-years gained) in a given 
population should ideally be attempted” (National Institute for Health and Clinical Excellence 
2008, p50). 
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The information required to know whether policies will, or will not, have a beneficial impact on NHS 
productivity is subject to the various general methodological difficulties we identified above8.  It is, 
however, better for Ministers, officials, Strategic Health Authorities and Primary Care Trusts to have 
information on these impacts prior to making decisions, than be surprised and disappointed by learning 
that their impacts have been limited subsequently in accounts for Parliament and the public. Our work is 
intended to provide information on VfM that relates to the new measures of NHS productivity using the 
Atkinson principle. We have had to make a number of heroic assumptions because of serious gaps in the 
available evidence of effectiveness and of the incidence / prevalence of diseases.  We aim to make these 
explicit and identify where new information is required for sounder estimates to be made. 
We selected different diseases and different kinds of interventions to help us develop a generic approach 
and used common datasets for populations9. For each disease we estimate the BoD and the expected 
health gains or reduction in BoD from interventions that are considered clinically- or cost-effective. The 
value of reporting on the scale of the intervention has been highlighted by Murray and Lopez (Murray and 
Lopez 2000): “If there are fixed assets, other than disposable dollars, limiting the feasible combinations of 
interventions that can be delivered – real-world examples include the attention of senior Ministry of Health 
decision-makers or the political commitment of government leaders –, then these should be devoted not 
just to the most cost-effective interventions but to those cost-effective interventions with the potential to 
effect substantial improvements in population health status’. Our objective is to provide this information in 
terms of order of magnitude at the population level to complement, rather than substitute, available 
health technology assessments. 
 
The BoD is a concept associated with the DALY framework, but it could be expressed in QALY by 
comparing the health profile of the population affected by the disease (measured by QALY) and that of a 
population of identical size and demographic characteristics that does not have that disease, which we call 
‘reference population’. In principle, reductions in BoD measured in DALYs are equal to gains in health in 
QALY. Figure 3 represents the health of an individual who lives in full health until age t1, contracts a 
disease and lives with a disability from age t1 to age t2, when due to a complication health deteriorates 
further until death at age t3.  The DALY framework measures the gap between the profiles of actual health 
and the ideal (where the individual lives in full health until a defined reference point).  The DALYs are 
represented in Figure 3 by the area above the health profile; and health in QALY by the area below the 
health profile.  Consider an intervention that delayed the onset of the disease and its complication until 
age t’1 and t’2 and extended life until age t’3.  The grey area highlighted in Figure 4 represents the QALY 
gained from the treatment as well as the DALYs avoidable from it.  Airoldi and Morton (forthcoming) show 
that: there are problems in estimating the reduction in BoD from an intervention if DALYs are calculated 
with off-the-shelf life expectancy tables; however, if fixed reference aged is used, DALYs averted or QALY 
gained correspond, and the difference is merely semantic (Airoldi and Morton forthcoming). Although the 
equality holds for any arbitrary fixed reference age, its selection might seem unnatural. One may argue 
that the reference age is an ideal or aspiration and that the planner should focus on the large majority of 
people rather than the exception who might live beyond the aspiration age (Fanshel and Bush 1970). On 
the other hand, for the equality to hold the BoD for those living beyond the reference age should be 
negative and one might prefer to choose an unrealistically high reference age (e.g. 150 years) to avoid 
negative numbers. In our framework we use the QALY metric both to measure the current BoD of 
different diseases and the health benefits from selected interventions, avoiding the (unsubstantial) 
discussion of selecting a reference age.  
 
                                                
 
 
 
8 For example, Andrews et al (2004) showed that for the population of Australia it appeared to be more 

cost-effective to treat depression than schizophrenia; and hence, if these findings were to apply to 
England, the NHS would appear to be more productive by switching resources used for treating 

schizophrenia to depression. Andrews et al (2004) and Evans et al (2005b) recognised that the crude 
calculus of cost-effectiveness cannot drive policy choices. Hence which option does or does not have a 

significant impact on productivity ought not be the overriding criterion for deciding policies.   
9 All estimates use three common datasets for the population in England in 2003: demographic data on 

age and gender per Strategic Health Authority; life expectancy tables of population in England; and 
age specific mortality rates. Other diseases and interventions we considered are intensive glucose 

control in Type 1 Diabetes, increased statin prescribing for patients at risk of Coronary Heart diseases, 

better detection and treatment of heart failure, suicide prevention and treatment for depression. 
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Figure 5 DALYs (and QALY) for an illustrative individual health profile 
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Figure 6 Gains in QALY and reduction in DALYs from an illustrative treatment on an individual 

 
 
We report estimates of the current BoD in terms of: 
 

• Expected health outcomes (deaths and functional outcomes at one year follow-up); 
• Years of Life Lost (YLLs) to the disease in the first year and over the patients’ lifetime with 

and without discounting10 – the difference in years lived between the population affected by 
the disease and a population of the same age and gender who does not have the disease or 
‘reference population’; and 

• Quality Adjusted Life Years (QALY) lost to the disease in the first year and over the patients’ 
lifetime with and without discounting – the difference between the QALY of the population 
affected by the disease and the reference population. 

 
We estimated the health benefits from selected interventions comparing the expected health status of the 
population assuming current care and under the intervention scenario. We report: 

• Difference in health outcomes at one year follow-up; 
• Difference in YLLs in the first year and over the patients’ lifetime with and without 

discounting; 
                                                
 
 
 
10 We followed the convention of discounting benefits at 3.5% per year (so that a gain in a life year in 

a year’s time is worth only 96.5% of a life year now).   
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• Difference in QALY in the first year and over the patients’ lifetime with and without 
discounting. 

 
We also estimated the monetary values of ‘avoidable’ deaths using the Department for Transport’s 
valuation of a statistical life (at £1.145m at 2000 prices: (HM Treasury 2003; page 62)), the monetary 
value of QALY gains at £30k per QALY, the net costs of the intervention and hence the gains or losses in 
NHS net output. We run a sensitivity analysis assuming a lower value of £20k per QALY. 
 
This paper now outlines the methods we have used for modelling the selected interventions to reduce the 
BoD caused by stroke in England, gives results, and concludes with a discussion of the approach and 
findings.   
 
 

3 Modelling stroke 

1.1 Overview 
 
 
Stroke is the brain equivalent of a heart attack and is caused either by a clot or a bleed that interrupts the 
flow of blood to the brain leading to its partial damage or death.   The ability to recover from a stroke 
depends on which area has been affected, its extension and the length of time before the blood flow is 
restored.   Clinically, stroke is defined by its symptoms and their duration rather than its cause: ”a 
syndrome of (presumed) vascular origins characterized by loss of focal or global disturbance of cerebral 
functions lasting over 24 hrs (World Health Organisation 1978)”.  The clinical definition, however, has 
been mainly abandoned in policy documents and informational leaflets in favour of  ‘brain attack’ which is 
more accessible to the general public. 
 
Other cerebrovascular diseases are Transient Ischaemic Attack (TIA) and subarachnoid haemorrhage.  A 
TIA is often called ‘mini-stroke’ because it produces the same symptoms as a stroke, but these resolve 
completely within 24 hours. TIA is typically not as severe a condition as a stroke, but it is a major risk 
factor for stroke – the risk for stroke in the first week after a TIA is up to 10%, forty-five times higher 
than the normal risk (Lovett, Dennis et al. 2003). Subarachnoid haemorrhage is a cerebrovascular disease 
characterized by the loss of blood in the space surrounding the brain. This condition and its management 
are very different from stroke but it is often included in stroke statistics.  For instance, contrary to the 
WHO definition for international comparison, 6% of incident strokes covered by the National Sentinel 
Stroke Audit (Clinical Effectiveness & Evaluation Unit 2004) are subarachnoid haemorrhage. In this report 
we do not consider these cerebrovascular diseases. 
 
It is estimated that 900,000 people in England have had a stroke, half of whom were left dependent 
(Clinical Effectiveness & Evaluation Unit 2005).  Among those, an estimated 300,000 people are living in 
England with moderate to severe stroke disabilities, making stroke the leading cause of adult severe 
disability (Committee of Public Accounts - House of Commons 2006).  Every year, about 200 people per 
100,000 experience a new acute stroke in the UK (Mant, Wade et al. 2004).  In England there are 110,000 
stroke each year, 25% of which in people under 65 (Public Accounts Committee 2006).  Strokes are 
recurrent and the risk of a further stroke is 30-43% within 5 years (Mant, Wade et al. 2004).   
 
There are two main types of strokes: ischaemic and hemorrhagic strokes: 
 

• Ischaemic strokes are caused by insufficient flow of blood to the brain and can be atherosclerotic 
or embolic. 

o Most stroke are caused by atherosclerotic plaques in the arteries of the brain 
(atherosclerotic strokes or cerebral thrombosis).  The plaques are accumulation of 
material inside the arteries often in correspondence of underlying areas of cholesterol 
and calcification.  When the cholesterol plaque breaks open, a blood clot can form and 
shut the flow of blood in the brain artery causing the stroke or brain infarct.  The part of 
the brain that is not receiving blood will die causing potentially devastating effects 
depending on which portion of the brain is affected. These strokes can also be classified 
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in large vessel or small vessel (lacunar) strokes, depending on the arteries that are 
affected.   

o Embolic stroke is caused by a blood clot generated inside the heart or in an artery in the 
body that breaks off and travels to the brain causing the blockage.  Some people (e.g. 
those with a serious mitral valve prolapse) are more likely to create blood clots in their 
heart and are at higher risk. 

 
• Hemorrhagic strokes are caused by the rupture of a brain artery, causing blood to flow in the 

brain and damaging its cells.  High blood pressure is the main risk factor for hemorrhagic strokes. 
 

 

Figure 711 is a summary of the most common stroke classification with an indication of annual incidence 
rates, which are consistent with (Wolfe, Rudd et al. 2002) 12 and (Clinical Effectiveness & Evaluation Unit 
2005), p.2613)  
 
 

 
 

Figure 7 Stroke classification and their relative frequency 

 
 
The diagnosis of type of stroke is crucial for obtaining the most effective treatment because, although 
ischaemic and hemorrhagic stokes have the same symptoms, there are important differences in how they 
should be treated.  Anticoagulation drugs that reduce the clotting ability of the blood might be a good 
therapy for ischaemic strokes but will increase the risk of death or disability from hemorrhagic ones.  
Similarly thrombolysis, which is effective in busting blood clots for ischaemic patients, would worsen the 
condition of a hemorrhagic one. Unfortunately, however this crucial distinction is not made in the data 
routinely collected for 70% of strokes in GPs’ registers (Hippisley-Cox, Pringle et al. 2004).  
 
Estimates of incidence and prevalence rates of stroke vary considerably both across and within countries.  
In England, data on prevalence of stroke and TIA show a two-fold variation between North-West and 
                                                
 
 
 
11 Incidence from http://www.strokecenter.org/education/ais_stroke_types/stroke_types.htm (last 

access 24.01.2008) 
12 Types of stroke are: cerebral infarction (69%), primary haemorrhage (13%), subarachnoid 

haemorrhage (6%), uncertain (12%)  
13 Ischaemic stroke 80-85%; hemorrhagic strokes 15-20%. 
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South-East England, with higher rates in the northern and western regions (Health and Social Care 
Information Centre 2006).   Data on the stroke population routinely available are the Quality and 
Outcomes Framework (QOF) based on stroke registers held by GPs and hospital-based stroke registers.  
These data, however, do not meet the international criteria for measuring stroke incidence provided by 
WHO (Sudlow and Warlow 1996), which establish a standard definition and methodology.  Data ought to 
exclude TIA and subarachnoid haemorrhage, but these are usually included in routinely available statistics 
and NHS data.  At least 80% of strokes should be confirmed by CT scan or MRI, and they should indicate 
if the stroke is a first-ever-in-a-lifetime or a recurrent one.  Furthermore, a complete population-based 
case ascertainment should be used, using different overlapping sources of information (e.g. hospital data, 
general practice and community care information, death certificates).   QOF gives information on the 
prevalence rather than incidence of the stroke population and does not distinguish hemorrhagic and 
ischaemic strokes from subarachnoid haemorrhage and transient ischaemic attacks.   Hospital-based 
stroke registers usually distinguish the type of stroke, but are not representative of the whole stroke 
population, both in terms of numbers, because of cases not admitted to hospital, and in terms of case-mix 
and expected outcome (Sudlow and Warlow 1996; Schulz and Rothwell 2003).   
 

1.2 Selected interventions to reduce the BoD caused by stroke 
 
We now describe the interventions we selected and summarize the available evidence on their 
effectiveness. The aim of the paper is to provide those responsible for health policies with information on 
the expected health benefit and cost impact of implementing these interventions for one year. Acute care 
interventions have consequences over the lifetime of stroke patients. For instance, patients who receive 
thrombolysis within three hours of stroke onset are more likely to recover to full independence. We 
estimate the expected flow of benefits and costs for the population experiencing a stroke in one year on 
the basis of available evidence. Similarly, preventive interventions will affect the number of people having 
a stroke in a given year. Those who will not experience a stroke in the current year have, on average, a 
better health profile in the current year and in the future. 
 
A summary of the acute and preventive interventions considered in this paper is provided in Table 1. The 
following sections provide details. 
Table 1 Interventions evaluated 
Intervention Description 

SU Admit all patients that presents to hospital on a stroke unit 
T Provide thrombolysis (intravenous tPA) to 9% of stroke patients  
BPall Prescribe a first line anti-hypertensive drug to all 55-years old or older people 
BPhigh Prescribe a first line anti-hypertensive drug to all people with blood pressure above 140/90 

mmHg who are not currently prescribed any anti-hypertensive 
Na5 Reduce average blood pressure in the population reducing sodium content in diet by 30% (3g 

salt) through agreement with food industry 
Na2 Reduce average blood pressure in the population reducing sodium content in diet by reducing salt 

content in bread and cereals through agreement with food industry 

 
 

1.2.1 Treat 100% of hospitalized patients on stroke units 
 
There is no clear definition of stroke units. Ideally, there should be a minimum set of characteristics and 
services necessary to qualify a ward as ‘stroke unit’. In reality, the effectiveness of treating patients on 
stroke units compared to different care settings rests on the vague definition (National Audit Office 2005) 
that a stroke unit is ‘any system of organized inpatient stroke care’ that is characterized by ‘coordinated 
multidisciplinary rehabilitation, programmes of education and training in stroke, and specialisation of 
medical and nursing staff […] usually housed in a geographically discrete ward’ (Stroke Unit Trialists' 
Collaboration 1997).    
 
To evaluate the clinical effectiveness of stroke units in the absence of a clearer definition, care has been 
classified through a hierarchy of services with stroke wards at the top (i.e. acute and rehabilitation units 
that only accept stroke patients and have specialist nursing staff),  followed by mixed rehabilitation units 
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(i.e. a multidisciplinary team with specialist nurses that provides rehabilitation to a variety of patients, 
including strokes), then mobile stroke teams (i.e. a multidisciplinary team that operates in various 
settings) and finally a general medical ward (i.e. without routine multidisciplinary input).There is ample 
evidence that stroke patients treated on the top extreme of this hierarchy are more likely to survive, and 
that a higher proportion of survivors do not need help in daily activities at one year follow-up compared to 
those treated in general or geriatric wards  (Stroke Unit Trialists' Collaboration 2001). It is not clear, 
however, what specific aspects and activities of a stroke units are responsible for their better outcomes 
(Langhorne and Dennis 1998), and more research in this area is needed. 
 
We found one economic evaluation indicating that stroke units lead to better outcomes and no increase in 
costs (Major and Walker 1998). This means that the cost of producing additional life years is zero, hence 
they are extremely cost effective. However the results were very sensitive to costing assumptions. 
Surprisingly, subsequent cost-effectiveness analysis of stroke unit do not use general wards as a 
comparator. A notable example is a recent Health Technology Assessment which recognizes the better 
clinical outcome of multidisciplinary team and investigate whether a stroke unit ward or a specialist team 
servicing a general ward or a specialist team servicing home care with a GP and community care staff 
(Kalra, Evans et al. 2005). The belief on the cost effectiveness of stroke units may be based on a 
combination of different analyses. During the in-patient phase, stroke units might up to 16% more 
expensive then more conventional wards (Epifanov, Dodel et al. 2007), but length of stay may be up to 
30% shorter (Jørgensen, Nakayama et al. 1995), and this could compensate for the higher daily cost. The 
improved outcomes are then likely to be associated with savings from ongoing care over the patients’ 
lifetime. For instance, the economic model by the NAO indicates that if length of stay were three days 
shorter, the incremental cost at one-year follow-up would be zero (Saka, McGuire et al. 2005).  If we 
consider that the length of stay on stroke unit is six days shorter on average (Stroke Unit Trialists' 
Collaboration 2001) and that the savings in ongoing care can extend beyond the first year, there is some 
evidence for the belief of their cost-effectiveness. 
 
The national clinical guidelines for stroke care issued by the Royal College of Physicians recommend that 
all patients should be treated on stroke units (Clinical Effectiveness & Evaluation Unit 2004), and defines 
stroke units vaguely as outlined above.   
 
The National Sentinel Audit of stroke, which routinely reports estimates for the proportion of patients 
admitted to a stroke, employs the following operational definition of ‘stroke unit’: a stroke unit is “a 
multidisciplinary team including specialist nursing staff based in a discrete ward which has been 
designated for stroke patients” (Clinical Effectiveness & Evaluation Unit 2008) and collects information on 
the mix of skills available and services provided. In particular the audit focussed on the presence of: 
 

• A consultant physician with responsibility for stroke; 
• Formal links with patient and carer organizations; 
• Multidisciplinary meetings at least weekly to plan patient care; 
• Provision of information to patients about stroke; 
• Continuing education programmes for staff. 

 
The 2006 Report (Clinical Effectiveness & Evaluation Unit 2006), shows that, since 2001 the number of 
stroke units in England, Wales and Northern Ireland providing at least four of the five key characteristics 
increased from 72% to 90% in 2004 and 95% in 2006. The latest sentinel audit (Clinical Effectiveness & 
Evaluation Unit 2008) only reports that 73% of units have all five key characteristics but does not provide 
comparative figures for previous years. The proportion of patients admitted to a stroke unit and the 
proportion spending most of their time on one increased from 36% and 27% in 2001 to 46% and 40% in 
2004 and 63% and 54%14 in 2006 (Clinical Effectiveness & Evaluation Unit 2002; Clinical Effectiveness & 
Evaluation Unit 2005; Clinical Effectiveness & Evaluation Unit 2007).   The average for the three countries, 
however, hides considerable differences.  For instance, only 50% of hospital in Wales had a stroke unit in 
2008 (up from 45% in 2006 and 2004) compared to England where about 96% of hospital had one (98% 
                                                
 
 
 
14 The latest Sentinel Audit (Clinical Effectiveness & Evaluation Unit 2008) does not report the 
proportion of patients spending most of their time on a stroke unit. 
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in 2006 and up from 82% in 2004).  Furthermore, a closer look to the services provided in stroke units 
shows great variability in what services are available on a stroke unit (e.g. access to scanning within 3 
hours of admission, specialist ward rounds at least 5 times a week and continuous physiological 
monitoring).  The Report highlights that units in Wales and Northern Ireland are ‘less acute’ that those in 
England. Furthermore, where the data suggest improvements in the scale of care provided in stroke units, 
they require careful interpretation: the presence of a stroke unit does not imply that the unit has sufficient 
beds to meet the demand of local stroke patients; the operational definition of stroke units is necessarily 
vague because it is still unclear what services are responsible for their superior effectiveness. It is hence 
not clear which patients currently treated on stroke units in England are likely to experience benefits 
comparable to those discussed in clinical trials (e.g. a stricter interpretation would entail that only patients 
that are directly admitted on a stroke unit and spend all their inpatient time on one will receive the full 
benefit, but this estimate is not available). 
 
In this paper we assume patient treated on a stroke unit experience as good an outcome as those 
reported in systematic reviews. This is an optimistic assumption because in experimental conditions 
patients are usually younger, healthier, and the services provided in the hospital are usually better than in 
an average hospital: e.g. all patients should receive a brain scan immediately to confirm the diagnosis and 
start the most appropriate treatment (Wardlaw, Keir et al. 2004), but access to immediate scan is 
currently very limited (National Audit Office 2005; Clinical Effectiveness & Evaluation Unit 2008). We run a 
sensitivity analysis assuming that only those that are directly admitted to a stroke unit (about 16% 
(Clinical Effectiveness & Evaluation Unit 2008)) have those better outcomes.  We estimate the current BoD 
caused by stroke assuming current levels of admissions to stroke units and the burden that would be 
avoided if 100% of patients admitted to hospital were treated on a stroke unit.  We will refer to this 
intervention as ‘SU’. 
 

1.2.2 Treat 9% of patients with thrombolysis within three hours of stroke 
onset 

 
Thrombolysis is a relatively new intervention for ischaemic strokes which breaks the blood clot and 
consequently restores the blood flow to the brain.  Although the case for thrombolysis is currently a top 
national priority in England (Department of Health 2007), it is complicated for two reasons:  the way 
benefits have been presented is misleading and the need for rapid diagnosis severely limits the numbers 
of patients who can benefit. 
 
Different thrombolytic agents have been tested in the laboratory and in randomized controlled trial to 
evaluate the effectiveness of thrombolysis. The Cochrane Collaboration (Wardlaw, del Zoppo et al. 2003) 
reviewed these trials which involved about 5,000 patients (about 50% treated with some form of 
thrombolysis and 50% with conventional care). As Table 2 shows, 4% more of those receiving 
thrombolysis were more likely to have a full recovery (47% are independent at follow up compared to 
43% among patients who did not receive thrombolysis), but 3% were more likely to die (18% compared 
to 15%, although this difference was not statistically significant).  
 
Table 2 Results from clinical trials on the effectiveness of thrombolysis (aggregated across trials regardless of 
type of thrombolytic agent and time elapsed from stoke symptoms to thrombolysis (Wardlaw, del Zoppo et al. 
2003)) 

 
% dead  

at follow-up 
% dependent  
at follow-up 

% independent  
at follow-up 

Treated with thrombolysis 
18% 

(n=3,028) 
35% 

(n=2,548) 
47% 

(n=2,548) 
Control group  
(not treated with thrombolysis) 

15% 
(n=2,647) 

42% 
(n=2,259) 

43% 
(n=2,259) 

 
 
The conventional way of reporting results from trials of thrombolysis does not make the vitally important 
distinction between whether patients survive or die as we have done in Table 2 (with some notable 
exception, e.g. (Hacke, Kaste et al. 2008)). Instead patients who die and survive, but are dependent, are 
grouped together as having ‘poor functional outcomes’. This grouping makes the extraordinary 
assumption that surviving stroke patients, who required some help to look after their own affairs, but 
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were still able to walk without assistance might as well have been dead.  The justification for grouping 
patients who die and survive, but are dependent is that this is said to reflect a ‘clinical perspective’; and 
that ‘poor functional outcome is the most clinically relevant and important measure of outcome since the 
aim of treatment should be not merely to avoid death but to increase the proportion of independent 
survivors and conversely reduce the risk of survival with serious disability’ (Cochrane review, p. 3).  If we 
were to evaluate the effectiveness of thrombolysis is this conventional way, this makes thrombolysis look 
to be unequivocally beneficial: as only 43% of patient who did receive thrombolysis had a ‘poor functional 
outcome’ (i.e. 18% + 35%) compared to 57% of patients who did not (15% + 42%). 
 
An alternative way to summarize outcome in terms of death or dependency is to use quality of life or 
disability weights and make explicit the value of a life with some dependency. Studies in the health 
technology assessment literature use QALY and map different degrees of disability on a scale from 0 to 1. 
If for instance we assume a weight of 0 for death, a weight of 1 for independence and an average weight 
of 0.7 for dependency, then data from Table 2 would generate an expected quality of life after stroke of 
.71 for patients receiving thrombolysis (i.e. 18%*0+35%*0.7+47%*1) and of .72 for those in the control 
group. The same evidence could therefore be interpreted as slightly favouring the control group over 
thrombolysis. 
 
Despite its emphasis on the convention of assessing ‘poor functional outcomes’, the Cochrane Review did 
report a detailed investigation on mortality based on evidence up to 2003.  They drew the attention on 
the increased number of deaths associated with thrombolysis and recommended researchers of future 
clinical trials to report mortality data and not only those on poor functional outcomes. They concluded that 
the available evidence on thrombolysis, although promising, was not sufficient to recommend its routine 
use. 
 
A particular thrombolytic agent (intravenous tissue Plasmogen Activator or tPA), however, was associated 
with better outcomes compared to other agents, if administered within three hours from the stroke onset. 
For this treatment data show that there is no statistically significant change in mortality but a reduction in 
dependency (Table 3). These results highlight the potential benefit of this treatment but currently rest on 
a limited evidence (about 1,000 cases between treatment and control group), mainly from a single trial. 
The Cochrane Review point out that “these data should therefore be regarded with EXTREME CAUTION 
and require confirmation in future trials” (p. 13, emphasis in the original text).  
 
Table 3 Results from clinical trials on the effectiveness of intravenous tPA administered within three hours from 
stroke onset  (Wardlaw, del Zoppo et al. 2003) 

 
% dead  

at follow-up 
% dependent  
at follow-up 

% independent  
at follow-up 

Treated with tPA within 3 hours from onset 
17% 

(n=479) 
33% 

(n=465) 
50% 

(n=465) 
Control group 
(not treated with thrombolysis) 

17% 
(n=478) 

43% 
(n=465) 

40% 
(n=465) 

 
 
On the basis of these results, some countries, including the UK (National Institute for Health and Clinical 
Excellence 2007), recommend thrombolysis when the strict eligibility criteria of the trials are met:  
treatment should be given within 3 hours of stroke onset, a CT scan must be done to exclude the 
hemorrhagic nature of the stroke and the treatment should be provided in an authorized centre (Clinical 
Effectiveness & Evaluation Unit 2004; National Institute for Health and Clinical Excellence 2007).15  The 
problem that follows from this, however, is that few patients are in practice eligible for thrombolysis.   In 
April 2008 – the time of the last national sentinel audit of stroke services - less than 1 in 3 hospitals in the 
UK offered thrombolysis and only about 0.8% of stroke patients received it (Clinical Effectiveness & 
                                                
 
 
 
15 Some authors, however, cast a cautionary note on interpreting the results from this study due to 
‘some technical mishaps and methodological problems’ (Sandercock, P., E. Berge, et al. (2002). "A 

systematic review of the effectiveness, cost-effectiveness and barriers to implementation of 
thrombolytic and neuroprotective therapy for acute ischaemic stroke in the NHS." Health Technology 

Assessment 6(26)., p. 22) 
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Evaluation Unit 2007).  In part the low number of patients receiving treatment is due to the strict eligibility 
criteria.  However, subject to the same strict eligibility criteria as many as 9% of stroke patients received 
treatment in a leading Australian hospital (National Audit Office 2005). A leading teaching hospital in 
London declares to currently provide thrombolysis to about 15% of patients (Guy's and St Thomas' Charity 
2008)16.  Although this still means that only a relatively small proportion of the stroke population could 
benefit from thrombolysis, it is argued that a case for its promotion is that it has indirect benefits: a 
hospital that is organised to provide thrombolysis will necessarily be providing optimal stroke care. A large 
randomised controlled trial on thrombolysis for ischemic strokes has started in 2008 to collect more 
evidence on the effectiveness of thrombolysis beyond the three hours windows. Initial evidence suggests 
that thrombolysis between 3 and 4.5 hours after stroke onset is effective (compared to placebo) although 
it confirms that the earlier the treatment the more likely the benefit (Hacke, Kaste et al. 2008). 
 
The cost-effectiveness of thrombolysis is dubious in the short run but substantially robust if one considers 
the patients’ lifetime (Sandercock, Berge et al. 2002; Sandercock, Berge et al. 2004). 
 
In this paper we estimate the current BoD from stroke assuming that 0.8% of patients receive 
thrombolysis, that it is provided within three hours of onset and that this increases the probability of being 
independent after a stroke without any adverse effect on mortality.  We then estimate the burden that 
would be avoided if 9% of stroke patients were to receive the treatment. We run two sensitivity analyses 
assuming that only 3% - i.e. the average proportion of patients receiving thrombolysis in the Australian 
region of Victoria (Stroke Foundation 2007) - or as many as 15% (i.e. the high performance of Guy’s and 
St Thomas’ hospital in London of stroke patients could receive thrombolysis within three hours of onset. 
We will refer to this intervention as intervention “T”. 
 
 
 
 

1.2.3 Reduce average usual blood pressure in the population 
 
The relationship between blood pressure and stroke has been studied extensively.  The benefit of 
improving control  of blood pressure in terms of  reducing cases of both non-fatal and fatal strokes has 
been confirmed by a systematic review of short-term RCTs (Collins, Peto et al. 1990).  We assume that 
the risk reduction observed in the short term can be achieved in the first year. This review estimated a 
42% average reduction in the risk of stroke (standard deviation 6%) from a 5 mmHg lower diastolic blood 
pressure over a median follow-up of just 5 years (trials with one year or eighteen months follow-up shows 
a reduction comparable to trials with longer follow-up in the review).  Over longer periods, major 
prospective observational studies (MacMahon, Peto et al. 1990; Prospective Studies Collaboration 2002) 
confirm that this reduction appears soon after the lowering of blood pressure and they show that it can be 
sustained in the long run (35-40% reduction in strokes associated with a prolonged difference in usual 
diastolic blood pressure of 5-6 mmHg).  The estimated reduction in incident stroke and ischaemic heart 
diseases resulting from a reduction in blood pressure is reported in Table 4.  The table shows that a lower 
average blood pressure substantially reduces the incidence of both strokes and ischeamic heart diseases. 
The reduction is observed for any level of blood pressure, down to 75mmHg diastolic blood pressure or 
115mmHg systolic blood pressure (Collins, Peto et al. 1990; MacMahon, Peto et al. 1990; Prospective 
Studies Collaboration 2002).  In this paper, we estimate the reduction in BoD from lower average blood 
pressure and its reduction in stroke incidence but do not model benefits and costs associated with 
ischaemic heart diseases. Our results on the ‘avoidable’ BoD from prevention are hence underestimates.  
                                                
 
 
 
16 The use of exceptional performer as a benchmark to assess the value of policies may be 

questionable because unrealistic. However, the paper focuses on comparing the potential benefit from 
different intervention in the care pathway, assuming a best case scenario for implementation. Hence 

we are comparing 100% of patients admitted to hospital are treated in a stroke unit, that as many as 
9% were thrombolysed and that all people who are prescribed anti-hypertensive comply with the 

treatment. We relax these assumption in sensitivity analysis. 
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Table 4 Estimated reduction in stroke incidence from lower usual blood pressure per person-year 
Blood pressure reduction Reduction in stroke 

incidence 
Reduction in 

ischaemic heart 

diseases incidence 

5 mmHg lower usual diastolic blood pressure 
(MacMahon, Peto et al. 1990) 

34% 21% 

7.5 mmHg lower usual diastolic blood pressure 
(MacMahon, Peto et al. 1990) 

46% 29% 

10 mmHg lower usual diastolic blood pressure 
(MacMahon, Peto et al. 1990) 

56% 37% 

5-6 mmHg lower usual diastolic blood pressure 
(Collins, Peto et al. 1990) 

42% 14% 

5 mmHg lower usual systolic blood pressure (Law, 
Frost et al. 1991) 

26% 15% 

20 mmHg lower usual systolic or 10 mmHg lower 
usual diastolic blood pressure (Prospective Studies 
Collaboration 2002) 

50% reduction in all ischaemic diseases 

10 mmHg lower usual systolic blood pressure – 
derived from (Prospective Studies Collaboration 
2002) 

38% average mortality 
reduction 

n/a 

5 mmHg lower usual systolic blood pressure – 
derived from (Prospective Studies Collaboration 
2002) 

21% average mortality 
reduction 

n/a 

2 mmHg lower usual systolic blood pressure – 
derived from (Prospective Studies Collaboration 
2002) 

9% average mortality 
reduction 

n/a 

 
 
 
In the UK, the thresholds of 140 mmHg in systolic blood pressure or 90 mmHg in diastolic blood pressure 
operationally define hypertension, i.e. people with blood pressure below both thresholds are 
‘normotensive’ and people at or above one or both these thresholds are ‘hypertensive’ (National Institute 
for Health and Clinical Excellence 2006).  The prevalence of hypertension is currently about 40% in 
England, although there is evidence of a downward trend (Department of Health 2003). Data from the 
Quality and Outcomes Framework indicate a prevalence of hypertension of 35% (National Centre for 
Health Outcomes Development 2005) but the operational definition in this case uses the thresholds of 
160/90mmHg. In this paper we use the operational definition of 140/90mmHg and use data from the 
Health Survey of England which seemed reliable.  Notwithstanding the proven benefit of antihypertensive 
therapy, about half of the hypertensive population is currently not prescribed any antihypertensive 
treatment (Figure 8). 
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Figure 8 Prevalence of “normotensive” (operationally defined as blood pressure below 140/90 mmHg) and 
“hypertensive” population (operationally defined as blood pressure equals or higher than 140/90 mmHg) in 
England by treatment received, age group and gender (Department of Health 2003). 

 
 

In this paper we estimate the reduction in the BoD caused by stroke through two types of interventions 
that reduce the average usual blood pressure in the population: prescribing antihypertensive drugs to 
people who are hypertensive but for whom treatment is not currently prescribed, and reducing the 
average usual blood pressure in the population through a public health intervention.  Both interventions 
take a ‘population’ approach to prevention, which aims at lowering the average blood pressure in the 
population. The population-based intervention to reduce average blood pressure is advocated by a part of 
the literature which claims that even a small change in the average levels of blood pressure is likely to 
have a big impact on cerebrovascular mortality. (e.g. (Rose 1992; Wald and Law 2003)). This is different 
from most clinical guidelines which recommend behavioural changes and/or medication to lower usual 
blood pressure below a specified threshold (e.g. 140/90mmHg in the UK (National Institute for Health and 
Clinical Excellence 2006)). The aim of our paper is to compare the scale of benefits and costs from a large 
public health intervention to reduce blood pressure against acute care interventions to tackle the BoD 
from stroke. We did not model the reduction in BoD from other diseases (e.g. myocardial infarction and 
heart failure) and hence we underestimate the overall reduction in BoD. 
 
The model assumes a short-term intervention and estimates the expected health benefits for a given 
population in one year. The health benefits are defined as the difference between the expected BoD with 
or without the intervention. The incident stroke population of subsequent years is not modelled. If a 
person were to experience a stroke in the current year, then his or her health profile would be poorer on 
average in than a similar person not experiencing a stroke. This difference is the focus of our model. In 
the main discussion, we assume that people who do not experience a stroke have a quality of life equal to 
those who experience a stroke but recover to full independence. We run a sensitivity analysis assuming 
they have a lower quality of life. 
 
In the pharmacological intervention, we estimate the potential reduction of the BoD associated with 
stroke, if people over the age of 55, who are not currently on antihypertensive treatment, were prescribed 
a first antihypertensive drug. We assume a compliance rate of 90%, i.e. we assumed that the drug was 
suspended if it caused adverse effects (Law, Wald et al. 2003).  This is a conservative assumption 
because evidence shows that prevalence of adverse effects so severe to require treatment suspension is 
at most 1.4% (Law, Wald et al. 2003). The rationale for a threshold at 55 years comes from the mortality 
statistics: according to the data of the Office for National statistics, about 96% of stroke deaths occur 
above this age17. Drug therapy with any common antihypertensive drugs (including ‘first line’ drugs such 
as thiazide-type diuretics and calcium channel blockers recommended by the guidelines of the National 
                                                
 
 
 
17 Our model estimates that 95% of deaths from stroke occur in people aged 55 or older. 
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Institute for Health and Clinical Excellence (National Institute for Health and Clinical Excellence 2006)) 
reduces the average systolic blood pressure by 9.1 mmHg and the diastolic one by 5.5mmHg (Law, Wald 
et al. 2003). We refer to this preventive intervention as ‘BPall’. 
 
The estimate of a potential reduction from 100% adherence with the prescribed medication regime allows 
us to compare the results with previous papers that estimates the potential reduction in the BoD from 
statins and intensive glucose control in Type 1 Diabetes assuming full compliance (Airoldi, Bevan et al. 
2006; Oliveira, Bevan et al. 2006).  However, although trials of antihypertensive therapy with a single 
drug report adherence as high as 93%(Iskedjian, Einarson et al. 2002) the proportion of people not taking 
all their prescribed medication is reported between 50 and 80% (Luscher, Vetter et al. 1985; Royal 
Pharmaceutical Society of Great Britain Working Party 1996).   Studies of adherence to medication point 
out that the asymptomatic nature of the condition, the need to take it over a very long period of time and 
the risk of side effects are the main factors leading to low compliance (Bloom 2001).  We discuss the 
impact of lower compliance rates on the model results.  We also measure the reduction in the BoD of a 
less radical intervention, that is to prescribe a first line antihypertensive treatment to people not currently 
prescribed who have hypertension (usual blood pressure above 140/90 mmHg) and provide results for 
different levels of compliance with treatment. We refer to this intervention as ‘BPhigh’ and we assume a 
90% compliance. 
 
To contrast the impact of recommended, cost-effective acute interventions, that is stroke unit care and 
thrombolysis within three hours of stroke onset,  with the potential impact of more radical population-
based interventions advocated by part of the literature (Rose 1992; Wald and Law 2003), we estimate the 
expected reduction in the BoD associated with stroke that would be achieved if the average usual blood 
pressure in the English population was 5mmHg lower and 2mmHg lower (intervention ‘Na5’ and ‘Na2’ 
respectively). Law et al. (Law, Frost et al. 1991) show that a 5mmHg reduction in usual blood pressure 
can be achieved through dietary manipulation of avoiding salty (sodium) foods and not adding salt at the 
table or in cooking, that is a reduction of about 3 grams of salt per day or 30% of average daily 
consumption of salt per person.  In this paper, we follow Murray et al. (Murray, Lauer et al. 2003) and 
assume that a 30% reduction in total dietary salt intake could be achieved through a legislation that 
reduces salt content in processed food and appropriate labelling.  This is in line with targets sets by the 
Food Standards Agency in the UK, which is promoting voluntary salt reduction targets with food 
manufactures and retailers toward a target average salt intake of 6 grams per day, that is 3 grams lower 
than the current average by 2010 (Scientific Advisory Committee on Nutrition 2003; Hoare, Henderson et 
al. 2004; Food Standard Agency 2005; Food Standards Agency 2006).   
 

1.3 Model description and assumptions 
 
The model is developed to support those responsible to develop health policies at national or local level, 
who face a large BoD caused by stroke, and are considering different health care interventions to reduce 
such a burden at the population level.  It is an incidence-based model, i.e. it generates a one year cohort 
of stroke patients and simulates their expected health profile over their lifetime. The simulation was built 
in Excel. It can be described by its three key elements: (i) the incident population; (ii) the type of 
treatment that they receive and (iii) the expected outcomes, i.e. mortality rates and functional outcome.  
The Excel model uses incidence rates to generate the initial population, it assigns patients to different 
type of acute care according to current service provision (as documented by recent audits) and assume 
patients will have the outcomes and the mortality rates reported in controlled trials that compare different 
healthcare interventions.  
 
 

1.3.1 Incident stroke population 
 
Two large population-based stroke registers that meet the international standards to measure stroke 
incidence are the South-East London Register (Wolfe, Rudd et al. 2002) and the Oxford Vascular study 
(Rothwell, Coull et al. 2004; Rothwell, Coull et al. 2005).   The two populations are very different in terms 
of ethnicity and deprivation both in relation to each other and to England.  However, when their incidence 
rates are standardized with respect to the 2001 census population for England they portray a very similar 
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picture: the estimated incidence of first-ever strokes is 1.72 per 1,000 when using the South-East London 
Register and 1.75 per 1,000 when using the Oxford Vascular study.  In our model we favoured the Oxford 
Vascular study because it gives a more detailed breakdown in terms of first-ever ischaemic, first-ever 
hemorrhagic, recurrent ischaemic and recurrent hemorrhagic strokes.  As pointed out above, however, 
both datasets are likely to underestimate stroke incidence at national level given the high variation within 
England.  We ran a sensitivity analysis to test the robustness of our results increasing incidence rates by 
20%. 
 
 

1.3.2 Treatment received during acute phase 
  
We divided the stroke population between those cared for in the community and those admitted to 
hospital. We assumed that strokes treated in the community are 20% first ever ischaemic strokes and that 
they are appropriately managed by a GP18. We assumed patients admitted to hospital were treated on a 
general ward or on a stroke unit.   Among patients treated on a stroke unit, some receive thrombolysis 
within three hours from the onset of stroke and the others do not receive thrombolysis at all (see Figure 
9). 
 

Incident 
strokes

English 
population

Cared in the 
community

Admitted to 
hospital

General 
ward

Stroke 
unit

No 
thrombolysis

Thrombolysis
injection

 
Figure 9  Stroke population and treatment received. 
 
To estimate the current and avoidable BoD from stroke, it is necessary to take account of the proportion 
of patients not admitted to hospital.   The estimate of hospitalization rates vary from 55% (Rothwell, Coull 
et al. 2004) to over 75% (Bhalla, Eundas et al. 2001) and values as high as 90% are reported, for 
instance in a suburban district in South-East England (Kalra, Evans et al. 2005). Some argue that non-
admission to hospital might be appropriate, e.g. if admission to hospital were believed not to be 
beneficial, or it might be inappropriate, e.g. if the hospital were too far or full (Sudlow and Warlow 1996).   
Others claim that all stroke patients should be managed on a stroke unit during the acute phase and 
offered early supported discharge whenever possible (Kalra, Evans et al. 2005).  We assumed that 
                                                
 
 
 
18 We assumed that only first ever ischeamic strokes are appropriately treated in the community 

because they are generally less severe then both haemorrhagic and recurrent strokes. Assuming that 

20% of them are appropriately treated in the community we estimate that they are 12% of total 

stroke, which corresponds to the proportion of strokes managed by a GP or so mild not to require 
rehabilitation found in Kalra et al. (2005). 
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• all severe cases of stroke that would require extensive rehabilitation are admitted to hospital, i.e. 
all hemorrhagic strokes and recurrent ischaemic stroke, which are usually more severe than first-
ever ischaemic strokes (Bamford, Sandercock et al. 1990; Bamford, Sandercock et al. 1991);  

• 80% of first-ever ischaemic stroke are admitted to hospital, 
• 20% of first-ever ischaemic stroke are appropriately managed in the community (this proportion 

is consistent with the hospitalization rates from the main study we used to calibrate the model 
(Kalra, Evans et al. 2005)); 

• elderly patients in nursing homes experiencing a recurrent stroke are treated in hospital. 
 
The 2006 national sentinel audit of stroke (Clinical Effectiveness & Evaluation Unit 2007) estimates that 
62% of patients admitted to hospital spend some time on a stroke unit in England, Wales and Northern 
Ireland.  The definition of stroke unit in the audit includes rehabilitation units, where patients are admitted 
after the acute phase of stroke. In 2006, 54% admitted patients in England, Wales and Northern Ireland 
spent most of their time on a stroke unit (Clinical Effectiveness & Evaluation Unit 2007). It is reasonable 
to assume that this proportion has increased, but the latest national sentinel audit (Clinical Effectiveness & 
Evaluation Unit 2008) does not provide this figure. In our model we make the conservative assumption 
that only 54% of admitted patients currently have lower mortality and disabilities associated with 
treatment on acute stroke units and assumed that all other patients (46%) are treated on a general 
ward19. We increased the proportion of those treated on ‘stroke units’ to 100% to estimate the health 
benefits in avoidable DALYs and costs associated with this policy. 
 
Some patients admitted on stroke units are eligible for thrombolysis. The current proportion of patients 
receiving this treatment is 0.8% of the total stroke population (Clinical Effectiveness & Evaluation Unit 
2008). We modelled outcomes from this rate and increasing it to 9% to estimate health benefits in 
avoidable DALYs and costs of achieving this target suggested by the National Audit Office (National Audit 
Office 2005). 
 
Patients within each of the four groups (patients treated in community care, on general wards, receiving 
thrombolysis on a stroke unit or treated in a stroke unit without receiving thrombolysis - Figure 9) are 
assumed to be homogeneous in terms of their short- and long-term outcomes.  Those outcome were 
estimated on the basis of studies available for England, and the relative risk reduction associated with 
stroke units compared to general wards, and with thrombolysis from international evidence selected and 
reviewed by the Cochrane collaboration (Stroke Unit Trialists' Collaboration 2001; Wardlaw, del Zoppo et 
al. 2003).  The Cochrane review on stroke units covers outcomes at 1 year (median follow-up) and the 
two studies that followed up patients for 5 years.    These outcomes were reported in terms of three 
increasingly broader definitions of poor outcome: death, death or institutional care, death or dependency.   
We derived the number of patients in institutional care at the end of follow-up taking the difference 
between the numbers ‘dead or in institutional care’ and the numbers ‘dead’;  similarly we derived the 
number of patients living at home but dependent on others for their daily activities by taking the 
difference between the numbers ‘dead or dependent’ and the numbers ‘dead or in institutional care’; 
finally we derived the numbers of independent patients by taking the difference between the total number 
of strokes and those ‘dead or dependent’. Each of these states (dead, in institutional care, at home but 
dependent, independent) were used as a proxy for their disability.  In Table 5 we report those outcomes, 
adding results from the single study that followed up patients for 10 years (Indredavik, Bakke et al. 1999). 
 
Outcomes from the samples of patients selected for randomized controlled trials are usually healthier 
than, and hence not representative of, the general population, mainly because the eligibility criteria 
usually excludes people with co-morbid conditions and, as a consequence, tend to include younger and 
healthier patients (Morris 1997).   We used data for England to estimate a more realistic proportion of 
patients alive and with different degrees of severity by the end of the first year (Portelli, Lowe et al. 2002; 
Rudd, Lowe et al. 2004; Wolfe, Tilling et al. 2004; Kalra, Evans et al. 2005; Patel, Tilling et al. 2006) and 
                                                
 
 
 
19 We make a simple distinction between a ‘stroke unit’ and a ‘general ward’. Elderly patients admitted 
to geriatric wards might expect outcomes more similar to those of stroke units than those of general 

wards, but geriatric wards that have at least four of the five key characteristics of a stroke unit are 

likely to have been counted as ‘stroke units’ in the stroke audit. 
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used relative risk reduction from Cochrane (Stroke Unit Trialists' Collaboration 2001; Wardlaw, del Zoppo 
et al. 2003) and from (Schulz and Rothwell 2003) to differentiate outcomes for patients treated in stroke 
unit, in general wards and in the community. Outcomes at the end of the first year vary substantially 
across different studies with mortality at the end of the first year varying from 27% to 47%.  The higher 
mortality rates are based on data from the South East London Stroke register (Wolfe, Tilling et al. 2004; 
Patel, Tilling et al. 2006), whereas the lower one is based on data of the national sentinel stroke unit 
(Rudd, Lowe et al. 2004).  Although the national sentinel audit covers only patients admitted to hospital, 
similar rates were reported in the community-based study by (Kalra, Evans et al. 2005).  We used data 
from (Rudd, Lowe et al. 2004) for the base model and data based on the London register for sensitivity 
analysis. 
 
Table 5 Outcomes at 1 year follow-up and in the longer run (3-5 years follow up). 

Outcomes 1 year follow-up 
(% of incident strokes) 

Outcomes 3-5 year follow up* 
(% of incident strokes) Source of 

evidence[ 
setting 

Dead 
Instit 
care 

Home 
dep 

Ind Dead 
Instit 
care 

Home 
dep 

Ind 

Stroke Unit 
trialists’ 

collaboration 
(Stroke Unit 
Trialists' 

Collaboration 
2001)** 

Hospital-
based, 
several 
countries 

22% 
25% 

17% 
19% 

14% 
13% 

45% 
42% 

50% 
60% 

10% 
9% 

17% 
14% 

22% 
14% 

Indredavik et 
al. 

(Indredavik, 
Bakke et al. 
1999) ** 

Hospital-
based, 
Norway 

25% 
33% 

13% 
23% 

12% 
18% 

51% 
26% 

59% 
71% 

6% 
11% 

11% 
9% 

23% 
9% 

Kalra et al. 
(Kalra, Evans 
et al. 2005) 

Community-
based UK 

27% 16% 19% 38% n/a n/a n/a n/a 

Rudd et al. 
(Rudd, Lowe 
et al. 2004) 

Hospital-
based UK 

30% n/a n/a n/a n/a n/a n/a n/a 

Portelli et al. 
(Portelli, Lowe 
et al. 2002) 

Hospital-
based UK 

47% 10% 43% n/a n/a n/a n/a 

Patel et al. 
(Patel, Tilling 
et al. 2006) 

Community-
based UK 

42% 9% 26% 23% 54% 7% 24% 16% 

Wolfe et al. 
(Wolfe, Tilling 
et al. 2004) 

Hospital-
based UK 

44% 7% 29% 20% n/a n/a n/a n/a 

[ Data are derived from the studies indicated. If not specified in the source data, patients with severe disabilities are assumed in 
institutional care, those with mild and moderate disabilities are assumed living at home. 
*(Patel, Tilling et al. 2006) report a 3 year follow-up; (Stroke Unit Trialists' Collaboration 2001) report a 5 year follow-up 
** first row is for stroke units; second row for general wards. 

 
 
 
There is a high rate of mortality following a stroke in the first year, with most deaths occurring in the first 
three weeks.  Mortality rates for patients who have had a stroke are higher than in the general population 
after the first year and remain almost constant over time (Ebrahim and Harwood 1999).   Assuming a 
constant mortality rate after the first year, we derived an exponential survival curve to estimate the 
population alive from the second year onwards.  We also assume a constant rate of (net) reduction over 
time among survivors dependent in daily activities but living at home and among independent ones. 
Figure 10 illustrate this for patients who are admitted on a general ward during the acute phase of their 
stroke in the first year of the simulation. These survival curves let us identify four possible outcomes (at 
any point in time after the stroke in the first year): 

• % dead, which is given by 100% minus % surviving (i.e top curve); 
• % in institutional care, which is those who are alive but do not live at home (i.e. difference 

between top and middle curve); 
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• % living at home and fully recovered (bottom curve); 
• % living at home but not independent (difference between middle and bottom curve). 
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Figure 10 Survivorship curves estimating outcomes over time after a stroke. The figure above corresponds to 
survivorship curves used in our model for those treated on stroke units in the first year of the simulation. 

 
 
To estimate QALY we assume that: 

• people in institutional care after stroke have severe impairments; 
• people living at home but dependent on carers for daily activities after stroke have mild to 

moderate impairments; 
• people who are independent after stroke have no impairment. 

Table 6 reports the quality of life weights used in the base model. We run a sensitivity analysis using 
alternative sets of weights from the literature (details in Appendix 7).  
 
Table 6 Quality of life weights 
 

Base value 
Lower- and upper- values 

used in sensitivity analysis 

wIC 0.38 0.08 – 0.52 
wHD 0.38 0.23 – 0.68 
wHI 0.74 0.74 – 1 

 
 
The model estimates the incident population in a year using age and gender specific stroke incidence 
rates and ignoring complications of differences in incidence from ethnic minorities20. We then estimate the 
lifetime health profile and the corresponding QALY assuming different healthcare scenarios.  The expected 
QALY gains are then the difference between the QALY in the intervention scenario and the QALY 
assuming current care.  
 
                                                
 
 
 
20 Evidence shows that incidence rates vary across ethnic groups Wolfe, C., A. G. Rudd, et al. (2002). 
"Incidence and case fatality rates of stroke subtypes in a multiethnic population: the South London 

Stroke Register." Journal of Neurology, Neurosurgery and Psychiatry 72: 211-216.and health policies 
in areas with large ethnic minorities (especially black Caribbean), or that aim at targeting specific 

ethnic groups, need to take into account the ethnic specific incidence rates. In our model, however, we 
focus on population wide intervention for England and this variation in incidence rates would not 

significantly affect the results.   
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To estimate both the current BoD and the impact of preventive interventions we estimate the expected 
health profile of individuals who would not experience a stroke at the beginning of the simulation but 
would be subject to average mortality and disabilities over their lifetime (hitherto ‘reference population’).  
We assume that the quality of life in the reference population is worse than full health using the EuroQol 
tariffs based on the Health Survey for England in 1996 as reported in Table 7 (Department of Health 
1996).  
 
Table 7 EuroQol tariffs by age and gender (Health Survey for England, 1996; table 5.29) 

Age 16-24 25-34 35-44 55-64 65-74 75+ 
Men 0.91 0.92 0.89 0.85 0.80 0.76 
Women 0.90 0.90 0.87 0.84 0.78 0.76 
 
 
We estimate the current BoD in QALY lost to stroke as the difference between the QALY of the incident 
population and the QALY of the reference population (Equation 1).  
 
Equation 1 

pIncidentPoQALYsopreferencePQALYs

stroketolostQALYs

__

___

−=
=

 

 
Equation 2 to 6 estimate the total, discounted DALYs in the ‘incident population’; (notation is summarized 
below in alphabetical order). 
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Equation 2 are the QALY of the incident population from the time of their index stroke (t=0) until they die. 
The index j is the cohort, i.e. the age at the time of the index stroke. ICj,t,HD,t and HI,t is the number of 
people who are alive and in institutional care (IC), at home but dependent (HD) or at home and 
independent (HI) at time t in cohort j; and the weights w are the quality of life weights. 
 
ICj,t, HDj,t, and HIj,t  represent the partition of the incident population who is still alive and changes over 
time as follows: 
 
Equation 3 
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Equation 3 generates the number of people who were j-year old when they had a stroke in the first year 
(i.e. the population aged j times the incidence rate at this age: Nj, * αj), who are living in institutional care 
at time t. The probability of living in institutional care t years after the stroke depends on the treatment 
received (see Table 5 and Figure 10); the index c in Equation 3 represent the treatment received (i.e. 
treated on stroke unit and with thrombolysis, on stroke units but without thrombolysis, on a general ward 
or in the community). The parameters γ and λ define the survivorship functions and the difference 
between the survivorship function of all alive patients (A) and that of those alive but living at home (H) 
gives the proportion of people in institutional care. 
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Equation 4 estimates the proportion of people who live at home but are dependent on carers for daily 
activities at time t, among people who were j-year old and had a stroke in the first year of the simulation. 
Similarly to Equation 3, this is summed across all treatment conditions (index c) and, within treatment 
conditions, it is the difference between the number of people living at home (H) and those who live at 
home but are independent (I). 
 
Equation 4 
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Equation 5 estimates the number of people living at home and independent among those who were j and 
had a stroke in the first year of the simulation. 
 
Equation 5 
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Equation 6 are the QALY of the reference population, i.e. a population of the same age and gender as the 
incident population who do not have a stroke at time 0. The quality of life weight wj+t  is the average 
quality of life of a person of age j+t. We used estimates from the Health Survey for England (EuroQol 
tariffs). Equation 7 is the dynamic of the reference population. 
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Equation 7 

jjj NR α⋅=0, ; i.e. in the first year it correspond to the incident population and 

)1(1,, tjtjtj RR +− −⋅= µ  for any t>0 

 
 
 
A summary of the notation is given below in alphabetical order: 
 

• A(c)j,t is the population surviving after stroke in cohort j at time t that received care c 
during the acute phase of the stroke at t=0; 

• c is the index for the type of care received in the acute phase of stroke, that we assume 
to be of four types: general ward (GW), stroke unit but without receiving thrombolysis 
within 3 hours of onset (SU), stroke unit and receiving thrombolysis within 3 hours of 
onset (SUt), cared in the community (CC) as shown in Figure 9. 

• H(c)j,t is the population surviving after the stroke that does not need institutional care and 
lives at home (either dependent or independent) in cohort j at time t who received care c 
during the acute phase of the stroke at t=0; 

• HDj,t is the stroke population of cohort j that lives at home but needs help in everyday 
activities at time t; 

• HIj,t is the stroke population of cohort j that lives at home and is independent at time t 
• I(c)j,t is the population surviving after the stroke who is independent in cohort j at time t 

who received care c during the acute phase of the stroke at t=0; 
• ICj,t is the stroke population of cohort j needing institutional care at time t; 
• j is the index for the cohort and correspond to the age of stroke onset at t=0; j=0,…,99; 
• r is the discount rate; 
• Rj,t is the reference population, i.e. a population of the same age and gender of the 

incident population but without a stroke in the first year of the simulation; 
• t is the index for time in the model.  Time intervals are of one year duration; t=0,…,99; 
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• wHD is the average disability of people who had a stroke and, although they do not need 
to be in institutional care, they are dependent on others for everyday activities; 

• wHI is the average disability of people who had a stroke and who are independent in 
everyday activities. 

• wIC is the average disability of people who had a stroke and who need institutional care; 
• wj+t is the average disability in people j+t years old in the rest of the population; 
• αj is the incidence rate of stroke for cohort j; 
• βc is the proportion of patient receiving treatment c; 
• γ A(c) is the proportion of stroke patients who received acute care c and are alive (A) at 

the end of the first years (intercept of the survival curve).  Similarly for γ H(c) and γ I(c); 

• λA(c) is the constant mortality rate after year one for people who received acute care c 
and are alive at the end of the first year; 

• λH(c) is the constant net change after the first year for people who received acute care c 
and are living at home but depend on others for daily activities at the end of the first 
year; similarly for λI(c); 

• µj+t is the underlying mortality rate for people aged j+t due to: any cause other than 
stroke for t=0; any cause (including strokes) for t>0. 

 
 
 

1.4 Costing 
Our estimates of incremental costs are indicative because we do not simulate the exact pathway of care of 
patients.  We used incremental cost data in Youman et al. (Youman, Wilson et al. 2003) and the age-cost 
curve estimated by the Department of Health (Department of Health 2003) as follows.  
 
Let: 

• Sj=Nj*αj denote the population of incident strokes in the first year of the simulation in 
cohort j; 

• ∼ Sj=AgPj,0=Nj*(1-αj) denote the population who do not have a stroke in the first year of 
the simulation; 

• cj be the average per-capita cost in cohort j according to the age-cost curve; 
• cs,j  be the average incremental cost of treating a stroke patient in cohort j; 
• c∼s,j  be the average per-capita cost, excluding cost for incident strokes, in cohort j. 

 
We estimated the average additional cost of treating a stroke patient in cohort j during the first year of 
the simulation using Youman et al. costs in our model as reported in Table 8. We derived the average per-
capita cost, excluding the additional cost for incident strokes, in cohort j solving the following relationship 
for c∼s,j: 
 

Sj * (cs,j + c∼s,j) + ∼ Sj * c∼s,j = (∼ Sj + Sj) *  cj 
 
The set of c∼s,j costs determines a ‘modified’ cost-age curve of average per-capita expenditure associated 
with people that do not have a stroke in the current year and we will refer to this as ‘baseline cost’. 
 
The healthcare costs are hence: 

• cs,j as reported in Table 8 plus c∼s,j for the incident stroke population for any year in the 
simulation; 

• c∼s,j for the rest of the population in the first year of the simulation; 
• cj for the rest of the population in the following years. 

 
 
In using Youman et al.’s estimates as summarized Table 8 we assumed that on average:  

• the cost of acute care for a severe stroke was representative of the acute care cost 
associated with patients in institutional care after one year from their stroke; 

• the cost of acute care for a moderate stroke was representative of the acute care cost 
associated with patients at home, but dependent after one year;  
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• the cost of acute care for mild stroke was representative of the acute care cost of 
patients that are at home and independent after one year.   

 
These assumptions are illustrated by the solid arrows in Figure 11. The first of these assumptions is 
reasonable, as most of the patients in institutional care are likely to have had a severe stroke.  We 
underestimate the cost of acute care in the first year for patients who had a severe stroke but recovered 
and live at home at the end of the year (dashed arrows in Figure 11). However this underestimate affects 
cost estimates of current care as well as those of proposed interventions and are unlikely to change our 
conclusions in qualitative terms. We do not under- or over-estimate the cost in the first year for patient 
who had a moderate stroke and recovered to full independence  (dotted arrow in Figure 11) because this 
cost is about £5,000 in both cases (see Table 8). 
 
 

Severe 
stroke

Moderate 
stroke

Mild stroke

Institutional 
care

At home but 
dependent

At home and 
independent

Severity at onset Accommodation at 
end of first year

 
Figure 11 Mapping costs from stroke severity (at onset) to accommodation (used as proxy for disability in our 
estimates). 

 
The daily inpatient costs for stroke units is up to 16% higher then in general (or neurological) wards 
(Caro, Huybrechts et al. 2000; Epifanov, Dodel et al. 2007), mainly because of the larger, more qualified 
team and more expensive diagnostics. However, patients have a six-day shorter length of stay on average 
(Stroke Unit Trialists' Collaboration 2001). The average length of stay for stroke patients in the UK is 
about 25-30 days (Caro, Huybrechts et al. 2000; Clinical Effectiveness & Evaluation Unit 2007); hence, if 
the average length of stay in stroke units were about three days shorter, the cost of a patient in a stroke 
unit would be equal to the cost of a patient in a general ward, but the first would have a better outcome. 
We estimate the cost of acute care assuming that patients treated on a stroke unit costs as much as those 
treated in general wards and run a sensitivity analysis assuming they are 16% more expensive (i.e. 
making the conservative assumption that there is no reduction in length of stay). In this paper we will also 
estimate the overall cost over the patients’ lifetime which could decrease because of better expected 
outcomes or increase because of the larger proportion of survivors after the stroke. 
 
For costing purposes, we assumed that stroke survivors have a 4% average risk of having a recurrent 
stroke after the first year (Burn, Dennis et al. 1994). 
 
The cost of prescribing assumes that annual cost of antihypertensive therapy is £17 for thiazide-type 
diuretics and £39 for calcium-channel blockers, which are the first-line antihypertensive treatment 
recommended by NICE  (National Institute for Health and Clinical Excellence 2006).   We made the 
simplifying assumption that half the people will receive thiazide-type diuretics and half a calcium-channel 
blocker but run a sensitivity analysis assuming that all patients are prescribed only one of these drugs. We 
did not assume the use of ACE inhibitors (which are more expensive) because they are usually a second-
line treatment. 
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Table 8 Assumptions on incremental costs for incident stroke population and values for sensitivity analysis.  

Item of cost Assumption in our model Base case 
Values for 
sensitivity 

analysis 

Source 

Acute event mild 
stroke 

Cost per acute event in the first year of 
the simulation, if the patient is 

independent at the end of the year, i.e. 
HIj,0 of Equation 5 

£ 5,099 
£ 4,558 
£ 5,636 

(Youman, 
Wilson et al. 

2003) 

Acute event 
moderate stroke 

Cost per acute event in the first year of 
the simulation, if the patient is at home 
but dependent at the end of the year, 

i.e. HDj,0 of Equation 4 

£ 4,816 
£ 4,406 
£ 5,225 

(Youman, 
Wilson et al. 

2003) 

Acute event severe 
stroke 

Cost of the acute event in the first year 
of the simulation, if the patient lives in 
institutional care at the end of the first 

year, i.e ICj,0 of Equation 3 

£ 10,555 
£ 9,575 
£ 11,535 

(Youman, 
Wilson et al. 

2003) 

Acute event fatal 
stroke 

Cost of the acute event in the first year 
of the simulation if the patient dies by 

the end of the first year 
£ 6,781 

£ 5,444 
£ 9,871 

(Youman, 
Wilson et al. 

2003) 

Stroke unit vs general 
ward care 

We assume that the healthcare cost on a 
stroke unit is equivalent to that on a 
general ward (because of shorter length 
of stay). 

Equal 
0% 
16% 

(Caro, 
Huybrechts 
et al. 2000; 
Epifanov, 
Dodel et al. 

2007) 

Thrombolysis 
(Alteplase) 

Additional cost during the acute event 
for those patients receiving 

thrombolysis 
£ 480 

£480 
£1,000 

(Sandercock, 
Berge et al. 

2002) 
Ongoing care at 
home per year 
(includes 
accommodation but 
not informal care) 

Annual cost for all patient living at 
home (dependent or independent) 

from the second year onwards, i.e. the 
sum of HIj,t and HDj,t of Equation 4 and 

5, for any t>0 

£ 1,304 
£ 780 
£ 1,828 

(Youman, 
Wilson et al. 

2003) 

Ongoing care in 
institutional care per 
year (includes 
accommodation but 
not informal care) 

Annual cost for all patient living in 
institutional care from the second year 
onwards, i.e. ICj,t of Equation 3 for any 

t>0 

£ 15,488 
£ 14,676 
£ 19,460 

(Youman, 
Wilson et al. 

2003) 

Prescribed 
antihypertensive 

Annual cost of prescribing a single, 
first-line antihypertensive drug 

(numbers prescribed depending as 
defined in intervention BPall or BPhigh) 

£28 
£ 17 
£ 39 

(National 
Institute for 
Health and 
Clinical 

Excellence 
2006) 

 
 
 

4 Results and validation 
 

1.5 Current care: cases, BoD and healthcare costs 
 
We estimate that there are about 122,000 strokes every year, of which 86,000 first ever strokes (79,000 
ischaemic and 7,000 hemorrhagic) and 36,000 recurrent strokes (35,000 ischaemic and 1,400 
hemorrhagic).  This is between the estimate of 110,000 cases by the National Audit Office (2005); and 
that by the Office of National Statistics of 133,000 cases, of which 88,000 first ever strokes (Carroll, Murad 
et al. 2001). About 34,500 of those who have had a stroke will die by the end of the first year, which is 
about 27,000 more deaths than those that would have occurred, by age and gender, if they had not had a 
stroke. This is similar to the reported 36,500 deaths from stroke in 2005 (codes I61 to I64; Office for 
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National Statistics 2005). We estimate that 87% of patients are admitted to hospital.  Within a year from 
stroke, about 47,000 survivors will be independent, 23,000 will live at home but need help in daily 
activities and 18,000 will be in institutional care (Table 9). 
 
Although stroke is the leading cause of severe adult disabilities, our results show that most of the burden 
is caused by mortality.  Among the 122k stroke victims in a year, 3 out of 10 are expected to die within 
the first year, which is almost five-fold the average mortality among men and women of the same age 
who do not experience a stroke.  
 
We quantify the BoD from stroke comparing the health profile of the stroke population with the reference 
population. The incident stroke population has higher mortality rates than the reference population (see 
Figure 12) and a lower quality of life on average (see Figure 13).  In the first year, we estimate 27,000 
more deaths and 36,000 fewer QALY. If we take a lifetime perspective, the stroke population dies younger 
and the total years of life lost is 737,000 (506,000 discounting future years at the annual rate of 3.5%). If 
we take into account the quality of, the BoD is 663,000 undiscounted or 474,000 discounted QALY (Table 
9). 
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Figure 12 Survivorship curves of the incident stroke population and the reference population. Model estimates. 

 

Average Quality of Life: incident stroke population 
and reference population
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Figure 13. Average quality of life in incident stroke population and reference population. The average includes 
deaths, which have a zero quality of life weight. 

 
 



 32 

Table 9 Current BoD from stroke 

Current Burden of Disease (BoD) from stroke 

  

 Incident 
stroke 

population  

 Reference 
population   Difference  

Cases    
stroke cases (in '000) 121.8 -  
outcomes at 1 year follow-up:    
independent (in '000) 47.0 n/a  
living at home but dependent (in '000) 22.6 n/a  
living in institutional care (in '000) 17.8 n/a  
dead (in '000) 34.5 7.6 26.9 
     
Health outcomes    
QALY 1st year (in '000) 50.1 86.5 -36.4 
Years lived over lifetime (in '000, no discounting) 577 1,314 -737 
Years lived over lifetime (in '000, discounting at 
3.5%) 490 997 -506 
QALY over lifetime (in '000, no discounting) 328 992 -663 
QALY over lifetime (in '000, discounting at 3.5%) 279 753 -474 
 
We estimate that the direct care cost of stroke in the first year is about £1,138m. This is in line with the 
National Audit Office £1bn (Saka, McGuire et al. 2005). About two thirds of this cost is from acute care. 
Over the patients’ lifetime, the direct care cost of the stroke population is £3,719m. About a third can be 
attributed to the average care cost for people of the same age (£1,094m of baseline costs) and £2,625m 
are additional costs attributable to stroke. Seventy percent of the lifetime cost is concentrated in the first 
five years after the stroke. For validation purposes, we estimated the cost per patient over the first five 
years as in Youman et al. (2003), i.e. discounting at 6% and excluding the baseline cost. Our model 
estimates a cost per patient of £14,700, which is just slightly lower than the £15,300 of Youman et al.. 
Our model estimates that about 80% of the costs in the first year are from acute care and 20% from 
ongoing care in rehabilitation centres, institutional care or home care (excluding informal care). The 
proportion of costs in acute care is slightly higher then the 73% in Caro et al.’s systematic review (Caro, 
Huybrechts et al. 2000). However, Caro et al.’s review is based on older cost figures and the use of more 
expensive diagnostics in recent years might explain this difference. 
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Table 10 Healthcare costs attributable to stroke care 

  
 Costs in £m  

Direct care costs 1st year  
baseline cost  £203 
acute stroke care  £751 
thrombolysis  £0.47 
ongoing care (excluding informal care) £183 
Total costs 1st year  £1,138 
Incremental cost 1st year (total cost – baseline cost) £935 

   
Direct care costs in first 5 years (discounting at 3.5%)   

baseline cost £636 
acute stroke care £815 
thrombolysis £0.47 
ongoing care (excluding informal care) £994 
Total costs over lifetime, excluding informal care £2,446 
Incremental cost in first 5 years, excluding informal care  (total cost – 
baseline cost; discounting at 3.5%) 

£1,810 

  
Direct care costs over lifetime (discounting at 3.5%)   

baseline cost £1,094 
acute stroke care £867 
thrombolysis £0.47 
ongoing care (excluding informal care) £1,757 
Total costs over lifetime, excluding informal care £3,719 
Incremental cost over cohort lifetime, excluding informal care (total cost 
– baseline cost; discounting at 3.5%) £2,625 

 
 
 

1.6 Impact of selected interventions 
We produced estimates of outcomes, QALY and expenditure under the following scenarios: 
 

• SU (100% of hospitalized incident strokes spend most of their inpatient time on a stroke unit) 
• T (9% of stroke patients receive thrombolysis within three hours from stroke onset) 
• BPall (all people 55 years old or older who are not currently prescribed any antihypertensive are 

prescribed a first-line antihypertensive agent) 
• BPhigh (all people with blood pressure above 140/90 who are not currently prescribed any 

antihypertensive are prescribed a first-line antihypertensive agent) 
• SU & T combined 
• SU & BPhigh combined 
• SU & T & BPhigh combined 
• Na5 (agreement with food industry to reduce by 30% sodium content in food) 
• Na 2 (agreement with food industry to reduce sodium content in bread and cereals) 

 
To facilitate the reader in understanding our results, we first present in detail our estimates of the 
avoidable BoD, cost impact and net output from the first intervention, ‘SU’. Then, we will present and 
compare results for all the interventions assuming that the reader is familiar with the calculation.  
 

1.6.1 Impact on stroke cases and outcome at 1 year follow-up 
We estimate the improved outcomes in the index year in terms of stroke cases and outcomes at one year 
follow-up if all hospitalized patients were admitted to a stroke unit (SU intervention). Our estimates of the 
impact of stroke units on improved outcomes at 1 year follow-up are of 1,600 more independent cases, 
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1,100 more patients living at home but dependent on cares for daily activities, 700 fewer cases in 
institutional care and 2,000 fewer deaths (Table 11). 
 
Table 11 Impact of selected intervention on stroke cases and outcome at 1 year follow-up: the example of the 
stroke unit intervention (SU) 

  Current care   Intervention 
scenario   Difference  

stroke cases (in '000) 121.8 121.8 - 
outcomes at 1 year follow-up:    

independent (in '000) 47.0 48.5 1.6 
living at home but dependent 
(in '000) 22.6 23.7 1.1 
living in institutional care (in 
'000) 17.8 17.1 -0.7 
dead (in '000) 34.5 32.5 -2.0 

 
 
Similarly, we run the model under all other eight healthcare scenarios. We estimate that if 9% of stroke 
patients were thrombolyzed within 3 hours of stroke onset, 1,000 more patients would recover to full 
independence at one year follow-up and 400 fewer people would be in institutional care. In the preventive 
care scenarios, we estimate that as many as 17,000 strokes could be prevented if all people above the 
age of 55 would take a first line anti-hypertensive, at 90% compliance, i.e. assuming that people who 
would develop side effects because of the treatment would suspend it (Law, Wald et al. 2003). If the anti-
hypertensive prescribing was limited to those with average blood pressure above 140/90 mmHg, as many 
as 8,000 strokes a year could be prevented (assuming again 90% compliance). These benefits could be 
achieved by reducing dietary salt at the population level. We estimated that agreements with the food 
industry to reduce salt in processed food by 30% or 15% would reduce the annual number of strokes by 
19,000 or 8,000 cases respectively. This is encouraging because the 15% reduction is currently being 
pursued in England through voluntary agreements (Food Standards Agency 2006) and a review of the salt 
reduction targets is likely to extend targets to more food categories (Food Standard Agency 2008). Results 
are summarized in Table 12. The reduction in independent, dependent and institutionalized patients from 
prevention is the effect of the reduction in total numbers of cases. In our model we do not assume any 
impact of reduced average blood pressure on stroke severity and outcomes at 1-year follow-up because 
we did not find any evidence to support this. We report the change in the total number of cases for this 
has significant implications for the BoD in the population and the healthcare costs. 
 
 
Table 12 Change in outcomes at one year follow-up from the selected interventions (negative numbers are a 
reduction of cases; positive numbers an increment of cases compared to current care; the reduction of cases in 
the preventative scenario is reported both as a total and as outcome that would been expected without the 
preventative intervention) 

  
SU T BP all BP 

high SU+T 
SU + 
BP 

high 

SU + T 
+ BP 
high 

Na5 Na2 

stroke cases (in 
'000) - - -16.8 -8.2 - -8.2 -8.2 -18.8 -7.9 
outcomes at 1 
year follow-up:          

independent 
(in '000) 1.6 1.0 -6.5 -3.1 2.5 -1.7 -0.8 -7.2 -3.1 
living at 
home but 
dependent 
(in '000) 1.1 -0.6 -3.1 -1.5 0.5 -0.5 -1.0 -3.5 -1.5 
living in 
institutional 
care (in '000) -0.7 -0.4 -2.5 -1.2 -1.1 -1.8 -2.2 -2.7 -1.2 
dead (in 
'000) -2.0 - -4.8 -2.3 -2.0 -4.1 -4.1 -5.3 -2.2 
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1.6.2 Impact on health gains in the first year and over the lifetime 
 
The overall benefit at the population level combines the benefits of reduced mortality and improved 
functional outcome summing individual benefits in QALY. In the SU intervention, for instance, 2,000 more 
people survive at one year follow-up, but their quality of life is less then perfect. We may say then that, if 
we focus on the first year, as many as 2,000 more years are lived in the population. Those years, 
however, are not in perfect health and taking into account the quality of life of those surviving during the 
year we estimate a benefit of 1,300 QALY (in Table 13, the QALY in current care are the product of the 
numbers in each functional outcome as reported in Table 12, multiplied by the corresponding quality 
weights from Table 6: 46.9 x 0.74 + 22.6 x 0.38 + 17.8 x 0.38 = 50.1). The care provided during the first 
year from the stroke (and especially the first few hours and days) has an impact on the quality of life and 
mortality rates over the patients’ lifetime (SUTC 2001). If we extend our analysis over the lifetime of the 
stroke cohort, we estimate that the SU intervention will secure 81,500 more life years lived in the 
population (60,200 if we discount the value of future years) and, adjusting those years by their expected 
quality we estimate a health gain of 39,000 undiscounted and 29,100 discounted QALY, that is about 6% 
of the current BoD over the patients’ lifetime. 
 
 
Table 13 Health gain in QALY and Years of life lived: the example of the stroke unit intervention (SU) 

  Current care   Intervention 
scenario   Difference  

QALY 1st year (in '000) 50.1 51.4 1.3 
Years lived over lifetime (in '000, 
no discounting) 577 659 81.5 
Years lived over lifetime (in '000, 
discounting at 3.5%) 490 550 60.2 
QALY over lifetime (in '000, no 
discounting) 328 367 39.0 
QALY over lifetime (in '000, 
discounting at 3.5%) 279 308 29.1 
 
Using the common metric of QALY we can compare the impact of each of the nine selected healthcare 
scenarios on a common metric. We estimate that the benefits from thrombolysis are 1,900 QALY gains, 
i.e. about 0.4% of the current BoD (see last two rows in Table 14 and Figure 14). Population wide 
interventions to prescribe a first line anti-hypertensive to all 55 years old and older (BP all) or to those 
with average blood pressure above 140/90 mmHg among them (BP high) have a greater potential for 
reducing the BoD at population level. They reduce the current BoD by 65,000 and 29,500 QALY 
respectively. The greatest benefit, however, is associated with interventions that attempt to lower the 
average blood pressure of every individual in the population by 5 or 2 mmHg by reducing the salt content 
in processed food (a reduction of 86,000 and 36,000 QALY respectively). 
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Table 14 Health gains from selected interventions 

  
SU T BP all BP 

high SU+T 
SU + 
BP 

high 

SU + T 
+ BP 
high 

Na5 Na2 

QALY 1st year (in 
'000) 1.3 0.3 5.1 2.4 1.7 3.6 4.0 5.9 2.5 

Years lived over 
lifetime (in '000, no 
discounting) 

81.5 -0.0 95.6 42.1 81.5 118.1 118.1 138.1 58.8 

Years lived over 
lifetime (in '000, 
discounting at 
3.5%) 

60.2 0.0 35.1 14.9 60.2 71.1 71.1 52.0 22.2 

QALY over lifetime 
(in '000, no 
discounting) 

39.0 2.3 130.3 58.9 41.3 95.3 97.4 177.2 75.3 

QALY over lifetime 
(in '000, 
discounting at 
3.5%) 

29.1 1.9 64.4 29.1 31.0 56.3 58.1 85 36.1 

QALY gains over 
the lifetime as % of 
current BoD 

6% 0.4% 14% 6% 6% 12% 12% 18% 8 % 

 
 
 

Current BoD from stroke and expected health 
gains by intervention scenario

474
445

472
409

444 443 417 416 389
438

29
64

29 31 56 58 85
36

2

-

50

100

150

200

250

300

350

400

450

500

S
U T

B
P

al
l

B
P

hi
gh

S
U

+
T

S
U

+
B

P
hi

gh

S
U

+
T

+
B

ph
ig

h

N
a5

N
a2T
h

o
u

sa
n

d
s 

o
f 

Q
A

L
Y

s 
(o

ve
r 

lif
et

im
e,

 d
is

co
u

n
te

d
)

BoD in population QALYs gains from selected interventions
 

Figure 14 Avoidable and unavoidable BoD from selected intervention. 

 
The limited impact of thrombolysis is a consequence of two elements: only a few of those who suffer 
strokes can ever receive thrombolysis; and for the few who do, its benefits are limited to improving 
mobility only, and mortality, the principal contributor to the burden of disease caused by stroke is 
unaffected (Table 15). This supports the recommendation put forward by the Royal College of Physicians 
in their latest Sentinel Audit: “We would plead that hospitals do not rush into providing thrombolysis 
before the other components of the service are functioning well. There are greater benefits to the stroke 
population as a whole by having an effective acute stroke unit delivering ‘basic’ stroke care than by having 
a thrombolysis service without the other components” (Clinical Effectiveness & Evaluation Unit 2008, p9). 
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Table 15 Numbers treated and average QALY gains per person 

Intervention 
Numbers receiving 

new intervention 
(‘000s) 

Total QALY gains 
Average QALY 

gains per person 

SU 48.8 29.1 0.60 
T 10.7 1.9 0.18 
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Figure 15 QALY lost to stroke (grey area) and health gains from admitting all hospitalized patients in stroke units 
(red area) and from giving thrombolysis to 9% of stroke patients (green area). 

 
In Figure 15 we illustrate the impact of thrombolysis and stroke units on the current BoD from stroke 
highlighting the numbers affected on the horizontal axis. The vertical axis the average number of QALY 
lost/gained per person. Hence, the rectangle labelled as ‘QALY lost to stroke’ shows that in a year 122k 
people lose almost 4 QALY each to stroke (i.e. 122k x 4 ≅ 480 is the current BoD from stroke) and the 
rectangle labelled ‘QALY gains from Stroke units’ and ‘QALY gains from Thrombolysis’ show the number of 
people affected by the new treatments (48k more people treated on stroke units and 11k more people 
receiving thrombolysis) and their average benefit per person. In Figure 15 we do not represent the health 
gains from preventive intervention because of the extremely high number of people who would be 
affected by the intervention and the minute expected benefit per person (from 3.5m in the BPhigh 
intervention to 49.9m people in the dietary interventions – see Table 16). Instead, we represent the 
impact of prevention in terms of stroke cases avoided and the expected benefit per person (Figure 16). 
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Table 16 Numbers needed to treat and average QALY per person 

 

Treated per 
year 

(millions) 

Stroke avoided 
in current year 

(‘000s) 

NNT 
(‘000s) 

Average 
QALY 

gains per 
person 
treated 

Average 
QALY gains 
per person 
avoiding a 
stroke in the 
first year 

BPall 8.1  16.8 .5 0.01 3.88 
Bphigh 3.5 8.2 .4 0.01 3.61 
Na5 49.9  18.8 2.7 0.002 4.56 
Na2  49.9 7.9 6.3 0.001 4.60 
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Figure 16 QALY lost to stroke (grey area) and health gains from a selection of preventive interventions. The 
variation in average QALY gains from preventing a stroke is due to different age mix. 

 
 

1.6.3 Impact on costs 
 
We first report the results of the stroke unit intervention (SU) showing how we estimated the incremental 
cost compared to current care. We estimate that in the intervention scenario the cost of acute care in the 
first year is £7m lower than in current care. The impact on the cost in the post-acute phase is the net 
result of two opposite effects: an increase in costs because of more survivors, both in terms of future 
acute care costs from recurrent strokes and for ongoing care in institutions or at home; and a reduction in 
cost because of the better average functional outcome. We estimate that the net impact of these effects 
is a saving of £3.6m in ongoing care, which increases the total savings in the first year to £11m. Over the 
patients’ lifetime the cost of acute care increases by £6m and the cost of ongoing care increases by 
£239m. Hence, over the patients’ lifetime, the incremental cost of the intervention is £245m. We run a 
sensitivity analysis assuming that the higher daily cost of stroke unit was not compensated by a shorter 
length of stay (i.e. assuming the average costs of a patient treated on a stroke unit were 16% higher then 
in a general ward) and estimate an incremental cost of £44m in the first year and of £309 over the 
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patients’ lifetime. We do not take into account the impact on baseline cost. This difference is determined 
by the increase in numbers of people alive because of the intervention and we assume it would be 
covered by an increase transfer from the Department of Health through the capitation formula 
(Department of Health 2003). 
 
Table 17 Impact of the SU intervention on healthcare costs in the first year and over the patients’ lifetime 

 
Current 

care 
(£m) 

Intervention 
scenario 

(£m) 

Difference 
(£m) 

Costs 1st year    
 baseline cost  203 203 n/a 
 acute stroke care  751 744 -7 
 thrombolysis  0.47 0.47 - 
 ongoing care (excluding informal care)  183 180 -4 

 total costs 1st year  1,138 1,127 -11 
     
 Costs over lifetime (discounting at 3.5%)     

 baseline cost  1,094 1,214 n/a 
 acute stroke care  867 873 6 
 thrombolysis  0.47 0.47 - 
 ongoing care (excluding informal care)  1,757 1,996 239 

 total costs over lifetime, excluding informal care 
(discounting at 3.5%) 3,719 4,083 245 
 
Similarly, we estimate the cost impact of each selected intervention in the first year and over the patients’ 
lifetime.  We estimate that giving thrombolysis to 9% of stroke will cost about £5m in thrombolytic drugs 
but most of this cost would be recovered through savings in acute and ongoing care in the first year. 
However, the cost of thrombolysis we used in the base model does not include the setting up costs. We 
run a sensitivity analysis including an estimated set-up cost for thrombolysis (Sandercock, Berge et al. 
2002; Sandercock, Berge et al. 2004) and estimate that the cost in the first year is £10m (i.e. £5.9m net 
costs taking into account savings in acute and ongoing care) and the lifetime cost savings are £29m (not 
shown in Table 19). In this sensitivity analysis scenario, the fixed costs in the first year would be largely 
compensated by savings over the patients’ lifetime, breaking even after only three years. The cost of 
prescribing anti-hypertensive is £224m and £98m per year in the BPall and BPhigh scenario respectively. The 
savings from reduced stroke incidence will only partially offset these costs, reducing the net impact of 
these policies to £95m and £35m respectively, i.e. £5.7m and £4.25m per stroke avoided (over the 
patients’ lifetime, discounting future costs). However, if we compare these costs with the expected costs 
of stroke cases over the patients’ lifetime, prevention would save £5m in the BPall scenario and £17m in 
the BPhigh. In our estimates of the costs of changing the sodium content in processed food, we did not 
include the costs of the Food Standard Agency to negotiate the agreement, nor the costs of changing the 
production to the food industry or the impact to the economy overall. The aim of our work, however, is to 
estimate the impact on the NHS expenditure and we indicate the resources that could be potentially 
released from reducing the sodium content by 30% (Na5) or 15% (Na2) in £144m and £61m respectively 
in the first year and £247m and £104m over the patients’ lifetime discounting future costs (Table 18 and 
Table 19). 
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Table 18 Impact of selected interventions on costs in the first year 

  SU T BP all BP high SU+T SU + BP 
high 

SU + T + 
BP high Na5 Na2 

acute stroke care 
(in £m) -£7 -£2 -£104 -£50 -£9 -£57 -£59 -£116 -£49 

thrombolysis (in 
£m) £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 

extra spend on 
anti-hypertensive 

£- £- £224 £98 £- £98 £98 £- £- 

ongoing care (in 
£m, excluding 
informal care) 

-£3.6 -£3 -£25 -£12 -£6 -£16 -£18 -£28 -£12 

total costs 1st 
year (in £m) -£11 £0.3 £95 £35 -£11 £25 £25 -£144 -£61 

 
Table 19 Impact of selected interventions on costs over the patients’ lifetime 

  SU T BP all BP high SU+T SU + BP 
high 

SU + T + 
BP high Na5 Na2 

acute stroke care 
(in £m) £6 -£2 -£120 -£58 £3 -£53 -£55 -£134 -£56 

thrombolysis (in 
£m) £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 

extra spend on 
anti-hypertensive £- £- £224 £98 £- £98 £98 £- £- 

ongoing care (in 
£m, excluding 
informal care) 

£239 -£38 -£244 -£119 £201 £104 £69 -£274 -£116 

total costs over 
lifetime, 
excluding 
informal care (in 
£m) 

£245 -£35 -£139 -£79 £210 £149 £116 -£408 -£172 

 
 

1.6.4 Monetary value of net output 
 
 
The estimate of the net output from the selected interventions is the difference between the monetary 
values of the QALY gains and their incremental cost. 
 
If we consider the change in expenditure in one year and the change in health outcomes that one might 
expect from the selected interventions, the net monetary value of the Stroke unit and Thrombolysis 
interventions are £50m and £10m respectively; the net monetary value of increasing anti-hypertensive 
prescribing is £56m and £38m in the BPall and BPhigh scenario respectively. Hence, although prevention has 
a greater impact in reducing the BoD from stroke then acute care, the high cost of pharmacological 
preventive interventions significantly reduces the net value of these interventions at one year follow-up. 
For instance, a combination of the SU and T interventions has a net monetary value of £60m, which is 
greater then the BPall one (see Table 20). However, if we take into account the lifetime consequences of a 
stroke, both in terms of health and on costs, the cost of one year anti-hypertensive treatment in the BPall 
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or BPhigh scenario is generously compensated by the monetary value of expected health gains, resulting 
in a net monetary value of £2,073m and £954m respectively (see Table 21 and Figure 17). The increase in 
future costs associated with the stroke unit intervention is also compensated by the monetary value of the 
QALY gains. It would be necessary to value a QALY as little as £8,400 for expected costs of the stroke unit 
intervention to be more than the monetary value of the QALY gains. The monetary value of preventive 
intervention undertaken by other agencies, like the reduction of salt content in processed food 
(interventions Na5 and Na2) is particularly high from the NHS perspective, both for the expected 
improvement in the health of the population (even higher than the pharmacological intervention) and the 
substantially reduced cost. 
 
Table 20 Monetary value of net output at one year follow-up 

 SU T 
BP 
all 

BP 
high SU+T 

SU+ 
BPhigh 

SU+T+ 
Bphigh Na5 Na2 

QALY gains (‘000) 1.31 0.34 5.05 2.42 1.65 3.64 3.96 5.86 2.48 
Monetary value of 
QALY gains (£m) 39.3 10.3 151.6 72.6 49.5 109.2 118.8 175.9 74.3 

Incremental cost (£m) -10.9 0.3 95.3 34.8 -10.6 24.6 24.9 -144.1 -60.7 

Monetary value of  
Net output (£m) 50 10 56 38 60 85 94 320 135 
 
 
 
Table 21 Monetary value of net output over the patients’ lifetime 

 SU T 
BP 
all 

BP 
high SU+T 

SU+ 
BPhigh 

SU+T+ 
Bphigh Na5 Na2 

QALY gains over the 
lifetime (‘000, discounting 
at 3.5%) 

29 2 64 29 31 56 58 85 36 

Monetary value of QALY 
gains (£m, discounting at 
3.5%) 

873 58 1,933 874 931 1,688 1,742 2,550 1,083 

Incremental cost of 
intervention, excluding 
informal care (£m, 
discounting at 3.5%) 

245 -35 -139 -79 210 149 116 -408 -172 

Monetary value of 
output, excluding 
informal care (£m, 
discounting at 3.5%) 

628 93 2,073 954 721 1,539 1,626 2,958 1,256 
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Monetary value of net output (discount rate 3.5%)
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Figure 17 Monetary value of net output over the patients’ lifetime from the NHS perspective, discounting future costs 
and benefits at 3.5%. 

 
 

1.6.5 Sensitivity analyses  
 
Sensitivity analysis shows that higher incidence rates increase by the same proportion the current BoD 
and the monetary value of net output, but do not affect the relative contribution of the selected 
interventions in reducing the BoD (see details in Appendix 2).  
 
Assuming the outcome at the end of the first year are worst than in randomised controlled trial, we 
estimate a higher BoD from stroke and a smaller scope for health gain from acute care interventions 
compared to prevention (see estimates using the South-East London Stroke Register (Patel, Tilling et al. 
2006) in Appendix 3). To test the uncertainty on longer term outcomes from stroke unit treatment, we 
also make the extremely conservative assumption that the only benefit from stroke unit treatment are 
those achieved in the first year, i.e. assuming that the care received in the acute phase and in the first 
year determines the outcome at one-year follow-up, but after that, the health state at one-year follow-up 
is the only determinant of expected, future health. We find that the estimate of the current BoD are 
substantially identical to those in the main body of the report, but that stroke unit would have a much 
smaller scope for health gains (1.5% vs. 6.5% of the current BoD). This suggests that most of the gain 
from stroke unit treatment is the relative risk reduction in the long term associated with care received 
during the acute and early rehabilitation phase. Details can be found in Appendix 4. 
 
We also assume that although 54% of patients might spend most of their time on a stroke unit, only 16% 
have direct admission (Clinical Effectiveness & Evaluation Unit 2008) and only these patients are likely to 
experience the benefits of stroke unit treatment as reported in controlled trials. This assumption almost 
doubles the potential QALY gains from stroke units to 11% of the current BoD (Appendix 5). 
 
We explore the impact of both less and more optimistic assumptions on the proportion of patients who 
could be thrombolised. If we assume that only 3% would receive this treatment, the potential QALY gain 
would be 0.13% of the current BoD; if we assume that as many as 15% could be thrombolysed the QALY 
gains would be 0.4% overall, which is still very low compared to the overall impact of stroke unit or 
preventative interventions. 
 
Results from pharmacological preventive interventions assume full compliance with medication, with the 
exception of those who would develop side effects because of the drug.  Lower compliance rates would 
generate proportionally lower estimates in the QALY gains and anti-hypertensive prescribing costs in the 
BPall and BPhigh scenarios (Appendix 6). 
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When the model is ran with a different set of disability weights results are substantially similar (Appendix 
7) with the current BoD estimates varying from 386,000 to 521,000 QALY lost (discounting at 3.5%). 
However, there are not significant differences in the relative scope for reducing the BoD across the 
selected interventions (see Appendix 7). 
 
Finally we ran two sensitivity analyses on costs, one assuming lower unit cost and one assuming higher 
unit cost as indicated in Table 8.  The sensitivity analysis shows that, within the range of costs values 
suggested in the literature (see Table 8), estimated costs of current care vary between £815m and 
1,138m in the first year and between £2,361m and £3,279m over the cohort lifetime (Appendix 8). From 
the sensitivity analysis on costs we found that the cost estimates do not have a big impact on the 
estimate of the monetary value of the net output, because the monetary value of health benefits is of a 
greater order of magnitude.  We ran a sensitivity analysis assuming extreme values, i.e. reducing the 
value of a QALY gain from £30,000 to £20,000 and assuming the highest cost estimates for stroke care. 
As Figure 18 shows, the overall results of our analysis are robust to these changes. 
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Figure 18  Sensitivity analysis using upper-bound unitary costs and valuing a QALY at £20,000. Estimates of 
monetary value of net output over the patient’s lifetime from the NHS perspective, discounting future costs and 
benefits at 3.5%. 

 
 

5 Discussion 
 
In this paper we selected two recommended interventions for acute stroke care and population based 
interventions aimed at reducing average blood pressure (either with a pharmacological or a dietary 
intervention).  The model we developed is simple, looks at a small number of potential interventions to 
reduce the BoD associated with stroke and gives approximate estimates of the incremental costs 
associated with these interventions.  Its aim, however, is to offer a new way to look at the problem of 
allocating resources to different interventions to reduce the BoD by estimating the expected impacts on 
the health of the population and on the budget considering a pathway of care from prevention to early 
rehabilitation. This gives comparisons in terms of order of magnitude and is intended to inform those 
responsible for developing and implementing health policies.  Our research does not aim to produce a 
different or better estimate of the incremental cost effectiveness ratio of these interventions.   We have 
tested the robustness of the results through parametric sensitivity analysis. 
 
The current BoD attributable to stroke is 663,000 QALY lost (474,000 discounting health gains in the 
future) over the lifetime of the cohort of incident stroke patients. Extending stroke units to 100% of 
hospitalized patients is estimated to have only a limited impact in reducing the BoD at the population 
level: by about 6% (with or without discounting).  But the limited impact from achieving universal 
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admission of stroke patients to specialised stroke units dwarfs the minimal impact of Thrombolysis on 
BoD.  Preventive interventions have a greater scope to reduce this burden than acute care interventions.  
Assuming that all people above the age of 55 who are currently not prescribed any antihypertensive drug 
were to take one (unless they developed side effects), the burden can be reduced by about 14% 
(reducing to 7% with 50% compliance and 3.5% with 25% compliance).  If the new prescribing were 
limited to hypertensive people (above the age of 55 and not currently prescribed) 7% of the burden would 
be avoided (reducing to 3.5% assuming 50% compliance and 1% assuming 25% compliance).  A public 
health intervention to reduce the daily intake of salt (sodium) by 30% as proposed by the target set by 
the Food Standard Agency in England would reduce the burden by 18% both in the first year and over the 
cohort lifetime (with and without discounting).  This intervention is expected to reduce the population 
average blood pressure by 5 mmHg and is currently being pursued through voluntary agreement with the 
food industry.  A reduction of average blood pressure in the population will have a substantial impact on 
reducing the BoD:  a reduction by 2 mmHg is estimated to reduce the BoD by about 7%.  The reduction 
in the BoD achievable with preventive interventions are underestimate of the overall benefit because 
these are reductions in the burden caused by stroke only and do not take into account the reduction in 
mortality and morbidity associated with other coronary heart diseases.   
 
Estimating the current and the ‘avoidable’ BoD at the population level allows those responsible to develop 
health policies to have a clearer expectation on what proportion of the current burden can be reduced.  If 
there is a large BoD associated with a condition (e.g. stroke) and there is a highly cost-effective 
intervention (e.g. thrombolysis) it does not follow that the intervention will have a big impact on reducing 
the burden.  In this paper we have shown that although both stroke units and thrombolysis may be worth 
doing on a cost-effectiveness basis, they are insufficient to reduce substantially the burden caused by 
stroke.  These results are driven by the number of people who could benefit and the nature of the benefit.  
Extending stroke unit to 100% of hospitalized patients is going to affect about 50,000 people a year.  
Although these people will have reduced mortality rate from stroke in the first year, (from about 30% to 
about 26%) the reduced rate is still much higher than for those of the same age and sex who did not 
suffer a stroke. Thrombolysis, even under the optimistic assumption of increasing the proportion of stroke 
patients receiving it from 0.8% to 9% will only benefit about 10,000 people in terms of improved mobility. 
Given the relatively small number of people who could benefit from thrombolysis and as most of the BoD 
caused by stroke is given by high mortality rates, thrombolysis will not make a material difference to the 
total BoD at a population level. We are not arguing against the promotion of stroke units and 
thrombolysis.  In fact, thrombolysis increases health and saves money if we take into account future 
savings from better outcomes; stroke units are expected to generate health benefits worth their costs 
even if the value of a QALY was much lower than £30,000.  The point we emphasise is that it would be 
mistaken to assume that these interventions offer potential materially to reduce the BoD, because, even if 
patients were receiving the best possible care, having a stroke would still be a major cause of mortality 
and disability.   
 
The limited nature of the benefits from acute interventions after strokes naturally highlights the benefits 
of prevention, and we have shown this to have higher potential for reducing the BoD by reducing blood 
pressure. We argue that those responsible for developing a national strategy for stroke and for 
commissioning services for the health and well-being of a population should look at primary prevention as 
a key element of the strategy to tackle the BoD associated with stroke.  Our framework shows that a 
package of care that aims at preventing strokes in the first place (and cares for stroke victims when a 
stroke could not be prevented) could materially reduce the BoD caused by stroke.  In addition to the 
health benefits, a package that includes primary prevention is both financially and managerially attractive.  
From a financial perspective, a time horizon of five years would be sufficient to show that, according to 
evidence, current expenditure in primary prevention will be self-financed through savings within the five-
year time horizon.  From an organizational perspective, implementing change will be demanding but 
shared by different agencies: interventions such as increasing the proportion of patients on stroke units 
and receiving thrombolysis requires changes in acute hospitals; increasing anti-hypertension prescribing 
requires changes in primary care and reducing the salt intake through negotiation or regulation of the 
food industry involves food safety agency, such as the Food Standard Agency in the UK or the Food and 
Drug Administration in the US.  In this paper we selected interventions to reduce the average blood 
pressure at the population level as an example of evidence-based, effective preventive interventions.  
Their impact on the BoD, their affordability and feasibility suggest that reducing stroke incidence through 
primary prevention should be a major measure of success of a stroke strategy. 
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8 Appendices 
 
 
 

Appendix 1  Model parameters 
 

 
The initial susceptible population Nj  is from the mid-2003 English population according to estimates of the 
Office of National Statistics (Office of National Statistics 2003) and incidence rates αj from Rothwell et al. 
(Rothwell, Coull et al. 2005).  Parameter β(c)=1 except in the case of first-ever ischaemic stroke where 
β(c)=.2 for c=CC and 1 otherwise. 
 
 
Table A - 1 Parameters of the survival curves indicating the total number of patients alive (A), living at home (H) 
and independent (I) over time.  Curves are in the form γ e-λt where the parameters γ and λ varies according to 
the treatment received.  Numbers in parentesis are values from studies based on the South-East London Stroke 
register used for sensitivity analysis.  γ is the proportion alive, at home or independent at the end of the first 
year; λ is the rate of change over time t. 
c GW SU SUT CC 
γA(c) .679 (.554) .720 (.607) .720 (.607) .824 (.696) 
λA(c) .184 .124 .124 .184 
γH(c) .516 (.482) .570 (.540) .607 (.557) .740 (.650) 
λH(c) .187 .132 .132 .187 
γI(c) .329 (.185) .361 (.205) .450 (.307) .641 (.452) 
λI(c) .172 .153 .153 .172 
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Appendix 2 Sensitivity analysis: incidence rates 20% higher 
 
 
Figure A - 1 and Figure A - 2 illustrate estimates of current BoD, expected health gains and monetary 
value of net output from the selected interventions assuming higher incidence rates. The estimates of the 
current BoD, the health gains from interventions and the net monetary value of output all increase by 
about 20% (except the cost of new anti-hypertensive prescribing which remains the same), maintaining 
the same relative impact of selected interventions.  Table A - 2 provides the details. 
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Figure A - 1 Current BoD and expected health gains from interventions assuming incidence rates 20% higher 
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Figure A - 2 Monetary value of net output assuming incidence rates 20% higher 
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Table A - 2 Sensitivity analysis: details of results assuming 20% higher incidence rates. 

   BoD   SU   T  
 BP 
all  

 BP 
high  

 SU 
+T  

 SU+ 
BPhigh  

 SU+T+ 
Bphigh  Na5 Na2 

 Cases            
 Stroke cases (in '000)  146.2 - - -20.2 -9.8 - -9.8 -9.8 -22.6 -9.5 
 Outcomes at 1 year follow-up:            

 independent (in '000)  56.3 1.9 1.1 -7.8 -3.8 3.0 -2.0 -1.0 -8.7 -3.7 
 living at home but dependent (in '000)  27.1 1.3 -0.7 -3.7 -1.8 0.6 -0.6 -1.2 -4.2 -1.8 

 living in institutional care (in '000)  21.4 -0.8 -0.5 -2.9 -1.4 -1.3 -2.2 -2.6 -3.3 -1.4 
 dead (in '000)  32.3 -2.4 - -5.7 -2.8 -2.4 -5.0 -5.0 -6.4 -2.7 

            
 Health outcomes            
 QALY 1st year (in '000)  -44 2 0 6 3 2 4 5 7 3 
 Years lived over lifetime (in '000, no discounting)  -884 98 -0 115 51 98 142 142 166 71 
 Years lived over lifetime (in '000, discounting at 3.5%)  -608 72 0 42 18 72 85 85 62 27 
 QALY over lifetime (in '000, no discounting)  -796 47 3 156 71 50 114 117 213 90 
 QALY over lifetime (in '000, discounting at 3.5%)  -568 35 2 77 35 37 68 70 102 43 

 As % of current BoD  6% 0% 14% 6% 7% 12% 12% 18% 8% 
 Costs 1st year            
 baseline cost (in £m)  £- -£0.0 -£0.0 £0.0 £0.0 -£0.0 £0.0 £0.0 £0.0 -£0.0 
 acute stroke care (in £m)  £901 -£8.8 -£2.4 -£124.3 -£60.5 -£11.2 -£68.7 -£71.0 -£139.0 -£58.6 
 thrombolysis (in £m)  £0.5 £- £6.2 -£0.0 -£0.0 £6.2 -£0.0 £5.8 -£0.0 -£0.0 
 extra spend on anti-hypertensive  £- £- £- £224.1 £97.5 £- £97.5 £97.5 £- £- 
 ongoing care (in £m, excluding informal care)  £220 -£4.3 -£3.4 -£30.3 -£14.8 -£7.7 -£18.8 -£21.9 -£33.9 -£14.3 
 total costs 1st year (in £m)  £1,122 -£13.1 £0.4 £69.5 £22.2 -£12.7 £10.0 £10.4 -£173.0 -£72.9 
            
 Costs over lifetime (discounting at 3.5%)            
 Baseline cost (in £m)  -£1,121 £143.0 £0.0 £161.7 £75.1 £143.0 £208.2 £208.2 £193.1 £81.8 
 Acute stroke care (in £m)  £1,041 £6.8 -£2.8 -£143.6 -£69.9 £4.0 -£63.6 -£66.2 -£160.8 -£67.8 
 Thrombolysis (in £m)  £0.5 £- £6.2 -£0.0 -£0.0 £6.2 -£0.0 £5.8 -£0.0 -£0.0 
 Incremental spend on anti-hypertensive  £- £- £- £224.1 £97.5 £- £97.5 £97.5 £- £- 
 Ongoing care (in £m, excluding informal care)  £2,113 £287.0 -£45.4 -£292.7 -£142.3 £241.6 £125.1 £82.8 -£329.0 -£138.7 
 Total costs over lifetime, excluding informal care (in 
£m)  £3,153 £293.8 -£42.0 -£212.2 -£114.8 £251.7 £159.0 £119.8 -£489.8 -£206.5 



 

 53 

Appendix 3 Sensitivity analysis on outcome at end of first year 
 
Figure A - 3 and Figure A - 4 illustrate estimates of current BoD, expected health gains and monetary 
value of net output from the selected interventions assuming the outcomes at one-year follow up as in 
Patel et al.(2006), that have a much higher mortality rate and a much lower proportion of patients 
returning to independence (see Table 5 in main body of the report). We estimated the outcomes following 
Stroke units or General wards using the Relative Risk Reduction from the Cochrane review of Stroke unit 
effectiveness. We find that the current BoD is about 15% higher then using our basic assumptions. Hence, 
the health gains from preventative interventions are also about 10-15% higher. We find that using Patel 
et al.’s rates, stroke units have a relatively smaller scope for health gains compared to our base estimate. 
This is determined by the smaller number of patients returning to independence compared to the basic 
assumptions. The difference in monetary value of net output is a decrease in values for acute care 
interventions (by about 10%) and an increase in value of preventive interventions (by about 6-8%). Table 
A - 3 provides the details. 
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Figure A - 3 Current BoD and expected health gains from interventions assuming outcomes at the end of the first 
year as in the South-East London Stroke register (Patel, Tilling et al. 2006) 

 

Monetary value of net output (discount rate 3.5%)

561
83

2,247

1,038
644

1,561 1,639

3,154

1,338

-

1,000

2,000

3,000

4,000

S
U T

B
P

al
l

B
P

hi
g

h

S
U

+T

S
U

+B
P

hi
gh

S
U

+T
+B

ph
ig

h

N
a5

N
a2

£b
ill

io
n

s

 
Figure A - 4  Monetary value of net output assuming outcomes at the end of the first year as in the South-East 
London Stroke register (Patel, Tilling et al. 2006) 
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Table A - 3 Sensitivity analysis: details of results assuming outcomes at the end of the first year as in the South-East London Stroke register (Patel, Tilling et al. 2006) 

   BoD   SU   T  
 BP 
all  

 BP 
high  

 SU 
+T  

 SU+ 
BPhigh  

 SU+T+ 
Bphigh  Na5 Na2 

 Cases            
 Stroke cases (in '000)  121.8 - - -16.8 -8.2 - -8.2 -8.2 -18.8 -7.9 
 Outcomes at 1 year follow-up:            

 independent (in '000)  27.9 1.0 1.1 -3.9 -1.9 2.1 -1.0 0.0 -4.3 -1.8 
 living at home but dependent (in '000)  36.8 1.9 -0.9 -5.1 -2.5 0.9 -0.7 -1.6 -5.7 -2.4 

 living in institutional care (in '000)  8.0 -0.3 -0.2 -1.1 -0.5 -0.5 -0.8 -1.0 -1.2 -0.5 
 dead (in '000)  41.5 -2.6 - -6.8 -3.3 -2.6 -5.7 -5.7 -7.6 -3.2 

            
 Health outcomes            
 QALY 1st year (in '000)  -48.8 1.3 0.4 6.8 3.3 1.7 4.5 4.8 7.8 3.3 
 Years lived over lifetime (in '000, no discounting)  -832.6 73.8 0.0 108.9 48.6 73.8 117.3 117.3 153.1 65.1 
 Years lived over lifetime (in '000, discounting at 
3.5%)  -587.8 55.2 0.0 46.4 20.4 55.2 71.9 71.9 64.7 27.5 

 QALY over lifetime (in '000, no discounting)  -743.3 33.0 2.6 141.4 64.3 35.6 95.1 97.5 189.7 80.6 
 QALY over lifetime (in '000, discounting at 3.5%)  -541.8 24.8 2.2 73.9 33.7 27.0 56.9 58.9 95.6 40.6 

 As % of current BoD  4.6% 0.4% 13.6% 6.2% 5.0% 10.5% 10.9% 17.6% 7.5% 
 Costs 1st year            
 baseline cost (in £m)  £- £0 £0 £0 £0 £0 £0 £0 £0 £0 
 acute stroke care (in £m)  £704 -£6 -£1 -£97 -£47 -£7 -£53 -£54 -£109 -£46 
 thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 extra spend on anti-hypertensive  £- £- £- £224 £98 £- £98 £98 £- £- 
 ongoing care (in £m, excluding informal care)  £104 -£0.3 -£1 -£14 -£7 -£2 -£7 -£8 -£16 -£7 
 total costs 1st year (in £m)  £809 -£7 £3.1 £113 £43 -£3 £37 £40 -£125 -£53 
            
 Costs over lifetime (discounting at 3.5%)            
 Baseline cost (in £m)  -£1,082 £108 -£0 £155 £73 £108 £174 £174 £183 £77 
 Acute stroke care (in £m)  £796 £5 -£1 -£110 -£53 £4 -£49 -£50 -£123 -£52 
 Thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 Incremental spend on anti-hypertensive  £- £- £- £224 £98 £- £98 £98 £- £- 
 Ongoing care (in £m, excluding informal care)  £1,044 £178 -£21 -£145 -£70 £157 £95 £76 -£163 -£69 
 Total costs over lifetime, excluding informal care (in 
£m)  £1,840 £183 -£17 -£30 -£26 £166 £144 £128 -£286 -£120 
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Appendix 4 Sensitivity analysis on outcome beyond the first year 
 
The assumptions and data available to estimate the outcome over the lifetime are more uncertain than 
those used to model the first year after stroke.  In particular, the longer term results are susceptible to 
two types of error.  First, parameters are estimated on the basis of a very small sample of studies.   
Second, we are extrapolating data available for 3 or 5 years follow up (Table 5) over the lifetime of the 
initial cohort of stroke patients. We run a sensitivity analysis making the extremely conservative 
assumption that there is no long-term effect from stroke units. We are assuming that the care received in 
the acute phase and in the first year determines the outcome at one-year follow-up, but that after that, 
the health state at one-year follow-up is the only determinant of expected, future health. So, for instance, 
a patient treated on a stroke unit is more likely to return to full independence within a year from stroke 
than a patient treated on a general ward; however, if the patient treated on a general ward is 
independent at the end of the first year, he is as likely to survive in the subsequent years as the patient 
who was initially treated on a stroke unit. This is an extremely conservative assumption on the long-term 
outcomes of stroke units compared to general ward treatment.  
 
Figure A - 5 and Figure A - 6 illustrate estimates of current BoD, expected health gains and monetary 
value of net output from the selected interventions assuming the outcomes beyond the first year from 
Patel et al. (2006) .. We find that the estimate of the current BoD are substantially identical to those in 
the main body of the report, but that stroke unit have a much smaller scope for health gains (1.5% vs. 
6.5% of the current BoD). This suggests that most of the gain from stroke unit treatment is the relative 
risk reduction in the long term associated with stroke unit treatment in the acute and early rehabilitation 
phase. Details are available in Table A - 4. 



 

 56 

 

Current BoD from stroke and expected health 
gains by intervention scenario

459 452 458
397

431 451 424 423
377

424

7
62

28 9 35 36
83

35
1

-

50

100

150

200

250

300

350

400

450

500

S
U T

B
P

al
l

B
P

hi
gh

S
U

+
T

S
U

+
B

P
hi

gh

S
U

+
T

+
B

ph
ig

h

N
a5

N
a2T
h

o
u

sa
n

d
s 

o
f 

Q
A

L
Y

s 
(o

ve
r 

lif
et

im
e,

 d
is

co
u

n
te

d
)

BoD in population QALYs gains from selected interventions
 

Figure A - 5 Current BoD and expected health gains from interventions assuming outcomes beyond the first year as 
in the South-East London Stroke register (Patel, Tilling et al. 2006) 
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Figure A - 6 Monetary value of net output assuming outcomes beyond the first year as in the South-East London 
Stroke register (Patel, Tilling et al. 2006)
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Table A - 4 Sensitivity analysis: details of results assuming outcomes beyond the first year as in the South-East London Stroke register (Patel, Tilling et al. 2006) 

   BoD   SU   T  
 BP 
all  

 BP 
high  

 SU 
+T  

 SU+ 
BPhigh  

 SU+T+ 
Bphigh  Na5 Na2 

 Cases            
 Stroke cases (in '000)  121.8 - - -16.8 -8.2 - -8.2 -8.2 -18.8 -7.9 
 Outcomes at 1 year follow-up:            

 independent (in '000)  46.9 1.6 1.0 -6.5 -3.1 2.5 -1.7 -0.8 -7.2 -3.1 
 living at home but dependent (in '000)  22.6 1.1 -0.6 -3.1 -1.5 0.5 -0.5 -1.0 -3.5 -1.5 

 living in institutional care (in '000)  17.8 -0.7 -0.4 -2.5 -1.2 -1.1 -1.8 -2.2 -2.7 -1.2 
 dead (in '000)  26.9 -2.0 - -4.8 -2.3 -2.0 -4.1 -4.1 -5.3 -2.2 

            
 Health outcomes            
 QALY 1st year (in '000)  -36.4 1.3 0.3 5.1 2.4 1.7 3.6 4.0 5.9 2.5 
 Years lived over lifetime (in '000, no discounting)  -610.2 15.8 -0.0 77.8 33.5 15.8 48.2 48.2 117.6 50.1 
 Years lived over lifetime (in '000, discounting at 3.5%)  -416.6 13.0 0.0 22.5 8.8 13.0 20.9 20.9 37.6 16.1 
 QALY over lifetime (in '000, no discounting)  -641.4 8.7 1.6 127.2 57.4 10.3 65.6 67.1 173.6 73.8 
 QALY over lifetime (in '000, discounting at 3.5%)  -459.4 7.3 1.4 62.4 28.2 8.8 35.0 36.4 82.7 35.1 

 As % of current BoD  1.6% 0.3% 13.6% 6.1% 1.9% 7.6% 7.9% 18.0% 7.6% 
 Costs 1st year            
 baseline cost (in £m)  £- £0 £0 £0 £0 £0 £0 £0 £0 £0 
 acute stroke care (in £m)  £751 -£7 -£2 -£104 -£50 -£9 -£57 -£59 -£116 -£49 
 thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 extra spend on anti-hypertensive  £- £- £- £224 £98 £- £98 £98 £- £- 
 ongoing care (in £m, excluding informal care)  £183 -£3.6 -£3 -£25 -£12 -£6 -£16 -£18 -£28 -£12 
 total costs 1st year (in £m)  £935 -£11 £0.3 £95 £35 -£11 £25 £25 -£144 -£61 
            
 Costs over lifetime (discounting at 3.5%)            
 Baseline cost (in £m)  -£753 £24 -£0 £109 £50 £24 £72 £72 £133 £57 
 Acute stroke care (in £m)  £889 -£6 -£2 -£123 -£60 -£8 -£65 -£67 -£137 -£58 
 Thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 Incremental spend on anti-hypertensive  £- £- £- £224 £98 £- £98 £98 £- £- 
 Ongoing care (in £m, excluding informal care)  £2,246 -£44 -£38 -£312 -£152 -£82 -£193 -£228 -£352 -£148 
 Total costs over lifetime, excluding informal care (in 
£m)  £3,135 -£50 -£35 -£211 -£114 -£85 -£160 -£193 -£489 -£206 
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Appendix 5 Sensitivity analysis. Results assuming only 16% of patients 
are currently treated on a stroke unit comparable to controlled trials 
 
Figure A - 7 and Figure A - 8 illustrate estimates of current BoD, expected health gains and monetary 
value of net output from the selected interventions assuming that only 16% of stroke patients receives 
care comparable to that in randomized controlled trials (Clinical Effectiveness & Evaluation Unit 2007). In 
this sensitivity analysis scenario, the estimate of current BoD is slightly higher than in the base model and 
the health gains from stroke units are, as expected, relatively higher. Table A - 5 provides the details. 
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Figure A - 7 Current BoD and expected health gains from interventions assuming that in current care only 10% of 
hospitalized patients receive stroke unit care similar to that in controlled trials. 
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Figure A - 8 Monetary value of net output assuming that in current care only 10% of hospitalized patients receive 
stroke unit care similar to that in controlled trials. 
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Table A - 5 Sensitivity analysis: details of results assuming that in current care only 16% of hospitalized patients receive stroke unit care similar to that in controlled trials. 

  BoD   SU   T   BPall  BPhigh   SU+T  SU+BP

high  

SU+T+

Bphigh  

 Na5   Na2  

 Cases            

 stroke cases (in '000)   121.8   -     -    -16.8  -8.2   -    -8.2  -8.2  -18.8  -7.9  

 outcomes at 1 year follow-up:            

 independent (in '000)   45.7   2.9   0.9  -6.3  -3.1   3.7  -0.4   0.4  -7.1  -3.0  

 living at home but dependent (in '000)   21.7   2.0  -0.5  -3.0  -1.5   1.4   0.4  -0.1  -3.3  -1.4  

 living in institutional care (in '000)   18.4  -1.2  -0.4  -2.5  -1.2  -1.6  -2.4  -2.7  -2.8  -1.2  

 dead (in '000)   28.5  -3.6   -    -5.0  -2.4  -3.6  -5.8  -5.8  -5.6  -2.3  

           

 Health outcomes            

 QALYs 1st year (in '000)  -37.4   2.4   0.3   5.2   2.5   2.7   4.7   5.0   6.0   2.5  

 Years lived over lifetime (in '000, no discounting)  -804.3   148.8  -0.0   105.1   46.7   148.8   185.4   185.4   148.9   63.4  

 Years lived over lifetime (in '000, discounting at 
3.5%)  

-556.3   110.0   0.0   42.1   18.3   110.0   120.8   120.8   59.9   25.5  

 QALYs over lifetime (in '000, no discounting)  -695.3   71.2   2.1   134.8   61.1   73.3   127.5   129.4   182.3   77.5  

 QALYs over lifetime (in '000, discounting at 3.5%)  -497.5   53.1   1.8   67.8   30.8   54.9   80.3   82.0   88.8   37.7  

As % of current BoD  10.7% 0.4% 13.6% 6.2% 11.0% 16.1% 16.5% 17.8% 7.6% 

 Costs 1st year            

 baseline cost (in £m)   £-     £0   £0   £0   £0   £0   £0   £0   £0   £0  

 acute stroke care (in £m)   £757  -£13  -£2  -£104  -£51  -£15  -£63  -£65  -£117  -£49  

 thrombolysis (in £m)   £0.47   £-     £4.8  -£0.06  -£0.03   £4.8  -£0.03   £4.4  -£0.07  -£0.03  

 extra spend on anti-hypertensive   £-     £-     £-     £224   £98   £-     £98   £98   £-     £-    

 ongoing care (in £m, excluding informal care)   £186  -£6.5  -£3  -£26  -£12  -£9  -£19  -£21  -£29  -£12  

 total costs 1st year (in £m)   £944  -£20   £0.3   £94   £34  -£20   £16   £16  -£146  -£61  

  £-       £5.60   £4.18       

 Costs over lifetime (discounting at 3.5%)   £-             

 baseline cost (in £m)  -£1,032   £218  -£0   £149   £69   £218   £272   £272   £176   £74  

 acute stroke care (in £m)   £863   £11  -£2  -£119  -£58   £8  -£48  -£50  -£133  -£56  

 thrombolysis (in £m)   £0   £-     £4.8  -£0.06  -£0.03   £4.8  -£0.03   £4.4  -£0.07  -£0.03  

 extra spend on anti-hypertensive   £-     £-     £-     £224   £98   £-     £98   £98   £-     £-    

 ongoing care (in £m, excluding informal care)   £1,559   £437  -£35  -£216  -£105   £401   £302   £269  -£242  -£102  

 total costs over lifetime, excluding unrelated future 
health costs (in £m)  

 £2,422   £447  -£33  -£111  -£65   £415   £351   £321  -£375  -£158  
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Appendix 6 Sensitivity analysis assuming 50% compliance with 
antihypertensive prescribing 
 
Figure A - 9 and Figure A - 10 illustrate estimates of current BoD, expected health gains and monetary 
value of net output from the selected interventions assuming that only 50% of newly prescribed patients 
comply with the therapy. In this sensitivity analysis scenario, the health gains and antihypertensive 
prescribing cost are halved. Table A - 6 provides the details. 
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Figure A - 9 Current BoD and expected health gains from interventions assuming 50% compliance with anti-
hypertensive therapy in the BPall and BPhigh interventions. 
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Figure A - 10 Monetary value of net output assuming 50% compliance with anti-hypertensive therapy in the BPall 
and BPhigh interventions.  
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Table A - 6 Sensitivity analysis: details of results assuming 50% compliance with anti-hypertensive therapy in the BPall and BPhigh interventions. 

   BoD   SU   T  
 BP 
all  

 BP 
high  

 SU 
+T  

 SU+ 
BPhigh  

 SU+T+ 
Bphigh  Na5 Na2 

 Cases            
 Stroke cases (in '000)  121.8 - - -9.3 -4.5 - -4.5 -4.5 -18.8 -7.9 
 Outcomes at 1 year follow-up:            

 independent (in '000)  46.9 1.6 1.0 -3.6 -1.7 2.5 -0.2 0.7 -7.2 -3.1 
 living at home but dependent (in '000)  22.6 1.1 -0.6 -1.7 -0.8 0.5 0.2 -0.3 -3.5 -1.5 

 living in institutional care (in '000)  17.8 -0.7 -0.4 -1.4 -0.7 -1.1 -1.3 -1.7 -2.7 -1.2 
 dead (in '000)  26.9 -2.0 - -2.6 -1.3 -2.0 -3.2 -3.2 -5.3 -2.2 

            
 Health outcomes            
 QALY 1st year (in '000)  -36.4 1.3 0.3 2.8 1.3 1.7 2.6 2.9 5.9 2.5 
 Years lived over lifetime (in '000, no discounting)  -737.0 81.5 -0.0 53.1 23.4 81.5 101.8 101.8 138.1 58.8 
 Years lived over lifetime (in '000, discounting at 3.5%)  -506.5 60.2 0.0 19.5 8.3 60.2 66.3 66.3 52.0 22.2 
 QALY over lifetime (in '000, no discounting)  -663.3 39.0 2.3 72.4 32.7 41.3 70.3 72.4 177.2 75.3 
 QALY over lifetime (in '000, discounting at 3.5%)  -473.6 29.1 1.9 35.8 16.2 31.0 44.2 46.0 85.0 36.1 

 As % of current BoD  6.1% 0.4% 7.6% 3.4% 6.5% 9.3% 9.7% 17.9% 7.6% 
 Costs 1st year            
 baseline cost (in £m)  £- £0 £0 £0 £0 £0 £0 £0 £0 £0 
 acute stroke care (in £m)  £751 -£7 -£2 -£58 -£28 -£9 -£35 -£37 -£116 -£49 
 thrombolysis (in £m)  £0.5 £- £5.1 -£0.01 -£0.00 £5.1 -£0.00 £4.9 -£0.02 -£0.01 
 extra spend on anti-hypertensive  £- £- £- £125 £54 £- £54 £54 £- £- 
 ongoing care (in £m, excluding informal care)  £183 -£3.6 -£3 -£14 -£7 -£6 -£10 -£13 -£28 -£12 
 total costs 1st year (in £m)  £935 -£11 £0.3 £53 £19 -£11 £9 £9 -£144 -£61 
            
 Costs over lifetime (discounting at 3.5%)            
 Baseline cost (in £m)  -£934 £119 £0 £75 £35 £119 £149 £149 £161 £68 
 Acute stroke care (in £m)  £868 £6 -£2 -£66 -£32 £3 -£27 -£29 -£134 -£56 
 Thrombolysis (in £m)  £0.5 £- £5.1 -£0.01 -£0.00 £5.1 -£0.00 £4.9 -£0.02 -£0.01 
 Incremental spend on anti-hypertensive  £- £- £- £125 £54 £- £54 £54 £- £- 
 Ongoing care (in £m, excluding informal care)  £1,759 £239 -£38 -£136 -£66 £201 £164 £128 -£274 -£116 
 Total costs over lifetime, excluding informal care (in 
£m)  £2,627 £245 -£35 -£77 -£44 £210 £191 £158 -£408 -£172 
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Appendix 7 Sensitivity analysis on quality of life weights 
 
The table below reports quality of life weights for different outcomes after stroke.  The disability weight is 
assumed to be the complement to 1 of the quality of life weight. 
 
Table A - 7 Quality of life scores 

Source Utilities (95% CI of the mean) 
Dorman et al. (Dorman, Dennis 
et al. 2000) 

Independent .74 (.69-.79) 
Dependent .38 (.29-.47) 

Dutch disability weights 
(Stouthard, Essink-Bot et al. 
1997) 

mild permanent impairment: .64 (.515-.761) 
moderate permanent impairment: .37 (.282-.457) 
severe permanent impairment: .08 (.006-.147) 

Dorman et al. (Dorman, Dennis 
et al. 2000) 

Independent .74 (.69-.79) 
Dependent .38 (.29-.47) 

Tengs and Lin (Tengs and Lin 
2003) 

Mild stroke: .87 
Moderate stroke: .68 
Severe stroke: .52 

Van Exel et al. (van Exel, 
Scholte op Reimer et al. 2004) 

Independent (BI 20): .78 (.77-.80) 
Mild (BI 15-19): .58 (.55-.61) 
Moderate (BI 10-14): .38 (.33-.44) 
Severe (BI 5-9): .08 (.02-.14) 
Very severe (BI 0-4): -.12 (-.17- -.07) 

Sturm et al. (Sturm, Donnan et 
al. 2004)  
(measured at 2 years) 

Independent (BI 20): .75 (.7-.8) 
Mild (BI 15-19): .40 (.34-.46) 
Moderate (BI 10-14): .16 (.10-.23) 
Severe (BI 5-9): .04 (.01-.07) 
Very severe (BI 0-4): .02 (-.01-.03) 
 
Institutionalized .11 
Non institutionalized .58 

 
These utility weights were used in sensitivity analysis as indicated in Table A - 8. The remaining of this 
Appendix reports results of the model run with these different sets of weights. The estimates of the 
current BoD vary between 386,000 and 521,000 QALY lost to stroke, but the relative scope to achieve 
health gains is similar to the base case.  
 
 
Table A - 8 Set of utility weights used for sensitivity analysis 

Source Independent 
At home but 

dependent for daily 
activities 

In institutional care 

Values used in model .74 .38 .38 
Dutch disability weights 
(Stouthard, Essink-Bot et 
al. 1997) 

1 .505 .08 

Tengs and Lin (Tengs 
and Lin 2003) 

.87 .68 .52 

Van Exel et al. (van Exel, 
Scholte op Reimer et al. 
2004) 

.78 .48 .11 

Sturm et al. (Sturm, 
Donnan et al. 2004)  
(measured at 2 years) 

.75 .23 .11 
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Current BoD from stroke and expected health 
gains by intervention scenario
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Figure A - 11 Current BoD and expected health gains. Sensitivity analysis assuming quality of life weights from 
(Stouthard, Essink-Bot et al. 1997) 
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Figure A - 12 Current BoD and expected health gains. Sensitivity analysis assuming quality of life weights from 
(Tengs and Lin 2003) 
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Current BoD from stroke and expected health 
gains by intervention scenario
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Figure A - 13 Current BoD and expected health gains. Sensitivity analysis assuming quality of life weights from (van 
Exel, Scholte op Reimer et al. 2004) 
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Figure A - 14 Current BoD and expected health gains. Sensitivity analysis assuming quality of life weights from 
(Sturm, Donnan et al. 2004) 
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Appendix 8 Sensitivity analysis on costs and value of a QALY 
 
 
We run a sensitivity analysis using lower- and upper-bound estimates of costs (see Table 8 in main body 
of the report). Figure A - 15 and Figure A - 16 show the estimates in monetary value of net output (details 
of items of cost can be found in Table A - 9 and Table A - 10). 
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Figure A - 15 Estimates of net monetary output assuming lower-bound unitary costs 
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Figure A - 16 Estimates of net monetary output assuming higher-bound unitary costs 
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Table A - 9 Estimates of costs assuming lower-bound unit costs. 

Costs 1st year  

Current additional 
cost compared to non 

stroke pop 
SU T BPall BPhig

h SU+T 
SU+ 

BPhig
h 

SU+T+ 
Bphig

h 
Na5 Na2 

 baseline cost (in £m)  £- £0 £0 £0 £0 £0 £0 £0 £0 £0 
 acute stroke care (in £m)  £657 -£5 -£2 -£91 -£44 -£7 -£49 -£51 -£101 -£43 
 thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 extra spend on anti-hypertensive  £- £- £- £144 £63 £- £63 £63 £- £- 
 ongoing care (in £m, excluding informal care)  £158 -£4.0 -£3 -£22 -£11 -£7 -£14 -£17 -£24 -£10 
 total costs 1st year (in £m)  £815 -£9 £0.5 £32 £8 -£9 -£1 -£0 -£126 -£53 
            
 Costs over lifetime (discounting at 3.5%)            
 baseline cost (in £m)  -£934 £119 £0 £135 £63 £119 £173 £173 £161 £68 
 acute stroke care (in £m)  £758 £6 -£2 -£105 -£51 £4 -£45 -£47 -£117 -£49 
 thrombolysis (in £m)  £0.5 £- £5.1 -£0.02 -£0.01 £5.1 -£0.01 £4.8 -£0.02 -£0.01 
 extra spend on anti-hypertensive  £- £- £- £144 £63 £- £63 £63 £- £- 
 ongoing care (in £m, excluding informal care)  £1,602 £211 -£35 -£222 -£108 £176 £89 £56 -£250 -£105 
 total costs over lifetime, excluding informal care (in £m)  £2,361 £218 -£32 -£182 -£96 £186 £107 £77 -£367 -£155 
 
 

Table A - 10 Estimates of costs assuming upper-bound unit costs. 

Costs 1st year  

Current additional 
cost compared to non 

stroke pop 
SU T BPall BPhig

h 
SU+T 

SU+ 
BPhig

h 

SU+T+ 
Bphig

h 
Na5 Na2 

 baseline cost (in £m)  £- £0 £0 £0 £0 £0 £0 £0 £0 £0 
 acute stroke care (in £m)  £901 £20 -£2 -£124 -£60 £18 -£42 -£44 -£139 -£59 
 thrombolysis (in £m)  £1 £- £10.7 -£0.03 -£0.02 £10.7 -£0.02 £10.0 -£0.04 -£0.02 
 extra spend on anti-hypertensive  £- £- £- £304 £132 £- £132 £132 £- £- 
 ongoing care (in £m, excluding informal care)  £237 -£4.2 -£4 -£33 -£16 -£8 -£20 -£23 -£37 -£15 
 total costs 1st year (in £m)  £1,139 £16 £5.1 £147 £56 £21 £70 £75 -£176 -£74 
            
 Costs over lifetime (discounting at 3.5%)            
 baseline cost (in £m)  -£933 £119 £0 £135 £63 £119 £173 £173 £161 £68 
 acute stroke care (in £m)  £1,041 £79 -£2 -£144 -£70 £76 £4 £1 -£161 -£68 
 thrombolysis (in £m)  £1 £- £10.7 -£0.03 -£0.02 £10.7 -£0.02 £10.0 -£0.04 -£0.02 
 extra spend on anti-hypertensive  £- £- £- £304 £132 £- £132 £132 £- £- 
 ongoing care (in £m, excluding informal care)  £2,238 £307 -£48 -£310 -£151 £259 £135 £90 -£349 -£147 
 total costs over lifetime, excluding informal care (in £m)  £3,280 £386 -£40 -£150 -£89 £346 £271 £234 -£509 -£215 
 


