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Abstract
Cardiac Rehabilitation (CR) has become an established intervention to support patient recovery after a cardiac event, with evidence supporting its effectiveness and cost-effectiveness in improving patient health and reducing future burden on healthcare systems. However, this evidence has focussed on the national value case for CR rather than at the point at which it is commissioned. This analysis uses the UK as a case-study to explore variation in current CR engagement and disassemble the value case from a commissioner perspective.
Using data collected by the National Audit of CR (NACR), and an existing model of cost-effectiveness, we present details on the current level of CR uptake by commissioning region (Specialist Clinical Networks) in light of the current UK target of achieving 85% uptake. We then interrogate the value case for achieving the target at a commissioner level, highlighting the expected profile of health benefits and healthcare system costs over the long-term. Importantly we consider where this may differ from the national value case. 
Each commissioning region has a unique level of CR uptake and sociodemographic profile. Concurrently, the value case for commissioning CR relies on the upfront cost of the service being offset by long-term healthcare savings, and health improvements.
The shift in the UK and internationally to more localised commissioning necessitates evidence of cost-effectiveness that better reflects the realities of those decision makers. This paper provides vital additional data to facilitate such commissioners to understand the value case in increasing CR uptake in line with national policy. 



1. Introduction
In recent decades cardiac rehabilitation (CR) has become an established treatment component in the global struggle to reduce the rate of cardiovascular disease [1], which is responsible for 32% of all global deaths [2]. However, despite extensive evidence of its effectiveness in reducing repeat cardiac events rates of uptake have remained low [3].
In 2019 the UK’s NHS Long Term Plan [4] highlighted cardiovascular disease as one of eight major health conditions to be targeted by subsequent policy intervention, primarily due to its status as the biggest cause of premature mortality [5].  Key to the proposed range of policy interventions was the extension of (CR programmes, with the target of 85% of eligible patients with acute coronary syndrome (e.g. post heart attack patients) accessing care by 2028, up from 52% in 2017 [4, 6].  Concurrently, literature has identified that both patient and provider factors need to be addressed to achieve these uptake targets [7].
Within England there are currently 13 Strategic Clinical Networks (SCN), working across key NHS priority areas one of which is cardiovascular disease. SCNs are responsible for overseeing the delivery, quality, and innovation of care throughout the patient journey including CR programmes across their respect networks. 
Employing internationally relevant methods of Health Technology Assessment (HTA) [8], CR has been shown to be a cost-effective use of the limited public healthcare budget, both in a UK and international setting [9]. More recently, a decision analytical model by Hinde et al. [10] supported this finding but found CR not to be cost-saving as indicated in a number of previous studies. Furthermore, this and a subsequent study [11] explored the impact of CR by socioeconomic status, finding that more deprived individuals were less likely to take up, complete, and benefit from CR programmes, suggesting some inequality issues to be addressed. 
However, recent research has highlighted that there are a number of aspects where HTA economic evaluation methodology  is not sufficient for decentralised commissioners of health, such as SCNs [12-14], bringing into question the appropriateness of applying such methods to decisions faced by such commissioners. Furthermore, commissioning of services such as CR is more complicated than the simplistic binary assessment of cost-effectiveness that HTA based analysis typically indicates, with issues such as equality of provision and poor programme uptake or completion of equal importance. [7]
In this paper we seek to produce meaningful, commissioner-level, evidence on the current provision of CR programmes and the health and cost-effectiveness case for extending the level of CR engagement to meet the ambitious targets laid out in the NHS Long Term Plan [4], with an aim of supporting local level commissioning decisions. To achieve this, we firstly summarise the existing landscape of CR provision and uptake across England using the most recent data from the National Audit of CR [6]. We apply this to an existing mathematical model of the long-term health implications of CR uptake [10] to estimate the potential health gains of achieving the NHS Long Term Plan targets. In the second part of the paper, we interrogate the aspects of the existing literature around the cost-effectiveness of CR which, while representing best practice from a national HTA economic evaluation perspective, have been shown to need additional consideration at local levels [12, 13]. Through doing so we seek to provide the relevant stakeholders with additional information with which to inform commissioning decisions. 

2. Methods
To achieve the aims of this paper we draw on the data for the National Audit of Cardiac Rehabilitation (NACR) covering the period 2016 to 2020 (the latest year the data was available at the time of analysis) [6] and utilise an existing decision analytical model of the cost-effectiveness of CR [10] which we have extended to provide more relevant information to the local context. An overview of the decision analytical model is provided in the Supplementary Appendix with more extensive details available from the original publications [10, 11]. These resources are used to conduct three analyses. 
Firstly, we explore the system and patient level impacts from a national perspective of achieving or moving towards the NHS Long Term Plan’s target of achieving a CR uptake rate of 85%. This analysis re-examines the results of the original decision analytical model to estimate the impact of increases in the national uptake rate on hospital admissions, deaths (cardio-vascular related and all cause), quality adjusted life years (QALYs), and costs to the NHS.  We also provide an estimate of the justifiable expenditure to achieve uptakes in CR, which uses publishes estimates of the marginal productivity of the English NHS [15] to determine the additional NHS budget that could be spent to achieve the health gains that result from increasing CR uptake, while remaining a cost-effective use of limited NHS funding. 
Secondly, we use the latest NACR data to explore variations in the level of CR uptake across the thirteen SCNs contrasted against the average levels for England. In addition to reporting the level of uptake in each area we present the uptake by socio-economic group, using the index of multiple deprivation (IMD) to show the impact of deprivation on uptake but also explore the variation in this relationship across different SCNs. For the purpose of this analysis the SCNs have been anonymised.
Finally, we consider how the differences in the commissioning reality faced by SCNs compared to national decision makers impacts the value case for CR. This approach builds on previous work which has identified five areas where the conventional framework used to construct economic evaluations to inform national deliberations differs from the reality faced by those commissioning local services [12, 13]. 

3. Results 
3.1. What is the impact of increasing CR to move closer to the long term plan uptake target? 
[bookmark: _Hlk109738405]In Table 1 we explore the impact on cardiovascular and all cause deaths, quality adjusted life years (QALYs), as well as total costs both including and excluding the upfront cost of the CR. Additionally, an estimate of the justifiable expenditure to achieve the shift in CR uptake is reported, based on a marginal productivity estimate of the NHS of £12,936/QALY [15]. Table 1 additionally presents these incremental values for a range of other targets from the baseline of 50% uptake (the English CR uptake rate over the period 2016-2020). Finally, estimates are presented for any 1% change in uptake and any 1% change per individual eligible for CR in the annual cohort, these are provided to facilitate individual commissioner calculation. All of the results presented in Table 1 assume an annual eligible cohort of 118,544 [6] with a time horizon of 10 years.   A 10 year time horizon was selected for these results as the time period indicated of most relevance by NHS England to inform the NHS Long Term Plan [4].

[bookmark: _Ref109723721]Table 1: Incremental values for national cohort (118544 eligible people per year) over 10 years
	Scenario
	new admissions
	deaths - CV
	deaths - all
	QALYs*
	Costs – all*
	Costs- after CR*,**
	Justifiable expenditure***

	50% to 85%
	-48,683
	-23,769
	-19,610
	59,479
	£220,356,718
	-£89,855,917
	£549,058,659

	50% to 65%
	-20,864
	-10,187
	-8,404
	25,491
	£94,438,594
	-£38,509,679
	£156,873,903

	50% to 60%
	-13,909
	-6,791
	-5,603
	16,994
	£62,959,062
	-£25,673,119
	£235,310,854

	50% to 70%
	-27,819
	-13,582
	-11,206
	33,988
	£125,918,125
	-£51,346,238
	£313,747,805

	Any 1% change
	-1,391
	-679
	-560
	1,699
	£6,295,906
	-£2,567,312
	£15,687,390

	any 1% increase per N in annual cohort
	-0.012
	-0.006
	-0.005
	0.014
	£53
	-£22
	£132


*All costs and QALYs represent undiscounted values
**This is excluding the cost of CR
***Justifiable expenditure is estimated as the additional cost that could be borne before the scenario no longer a cost-effective use of NHS resources


The scenario outlined in the NHS Long Term Plan [4](50% to 85%) highlights significant potential benefits of achieving the target, at both system and patient level. From a system level, hospital admissions would be expected to fall by 48,683 for the 10 year period and while total costs would increase, by £220mn, this is all the result of the additional upfront cost of CR, with costs over the 10 years falling by £90mn when the upfront cost of CR is excluded. It is important to note here that the cost of CR applied in the model, £748 per person who starts CR, may be more than applied elsewhere, for example the most recent national costing guide estimates of cost of £477 [16], for further details regarding the calculation of the higher cost see Hinde et al. [10]. The table further shows a justifiable expenditure of £549mn to achieve the 85% target for a 10 year period. This implies that if that level of NHS funding were allocated to successfully achieving the target, CR would still represent a cost-effective use of finite NHS resources. However, by extension this implies that if more were spent or the 85% target were not achieved it would not represent value for money.

3.2. What does CR uptake look like across the different local areas?
Figure 1 shows CR uptake rates and the eligible populations for the whole of England as well as for each SCN. Each area has their average uptake reported (the ‘X’ on the figure) as well as the distribution of uptake by IMD (reported through the bar charts), alongside the eligible annual population (the ‘-’). The values presented were provided by the NACR and are averages across 2016-2020.
The figure highlights several important elements of CR uptake. Firstly, looking at the values for England the average CR uptake of 50% is accompanied by a large variation in uptake by IMD, with the more deprived having progressively lower level of uptake ranging from 44% to 55%. However, this level of CR uptake and pattern of inequality is of limited generalisability across the different SCNs.   
For example, SCN13 has a similar distribution of inequality in uptake to the national level but at a much lower overall level of uptake, with an average level of 38% (32% to 44%). In contrast, SCN1 has a much higher level of uptake (64%) but a different distribution by IMD, with the third and fourth groups having the highest uptake. Finally, both SCN2 and SCN8 have inequality gradients that are the inverse of the national distribution, with increasing deprivation being consistently associated with an increase in CR uptake.



[bookmark: _Ref109727686]Figure 1: uptake (mean and by IMD) and eligible annual population by anonymised SCN area, 2016-20 averages
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IMD – index of multiple deprivation, IMD1 is the most deprived, IMD5 the least
3.3. Making the economic case at a local level for achieving these targets
In Sections 3.1 and 3.2 we have highlighted that there is a substantial need and potential benefit to increasing the uptake of CR to achieve the ambitious target of 85% uptake in those who are eligible. However, Section 3.2 further demonstrated how the current blanket ambition fails to account for the large variation in current uptake level both between geographic areas and across socio-economic deprivation. In this section we explore how the economic case can address some of the challenges faced at a local level, in making the business case for commissioning interventions to increase CR uptake.
Previous literature has made the case that, at a local level, there are elements of the framework used to inform national cost effectiveness that are not necessarily relevant or are in need of additional consideration to be most informative to the needs of local commissioning [10, 13]. In this section we explore five elements in turn, reflecting on the relevance of each in a CR setting and presenting additional analyses to inform commissioning decisions. 

3.3.1 Valuation of future costs and benefits
Under conventional HTA decision frameworks, a lifetime perspective is recommended [17], with both costs and outcomes discounted at a rate of 3.5% per year. However, the budgetary reality faced by many local commissioners makes the application of such a perspective challenging if not untenable as budgets may be required to be balanced within a financial cycle or targets set with a less than lifetime horizon. Therefore, while it might be the optimal solution for the NHS as a whole to take such a long perspective regarding the accumulation of costs and benefits, individual commissioners may by necessity deviate from such an approach. 
From a health outcome perspective Figure 2A shows that the benefits of CR, measured here in terms of incremental QALYs gained over time, are relatively slow to accumulate, reaching a maximum undiscounted value of 0.6 QALYs. This slow but constant accumulation of patient benefit over their remaining lifetime is the result of CR acting to reduce the individual’s risk of future cardiac events at a modest but constant rate over the long term [3]. 
From a cost perspective the high upfront cost, that of the CR programme itself, is offset to some extent by medium term reductions in patient care need due to improved cardiac health. In the longer term this total cost saving is then in turn offset by patients who completed CR living longer lives and therefore being associated with additional healthcare costs later in life. This relationship is shown through the ‘U-shaped’ trend in Figure 2B. Importantly, in contrast to some previous studies of CR [9, 18] it is not expected to be cost-saving at any point in time, therefore implying some opportunity cost of the investment in CR whatever the time horizon considered. 
Combining the health benefit and cost perspectives, Figure 2C presents the incremental cost-effectiveness ratio (ICER) of CR over time, which presents an estimate of the incremental cost per QALY gain which then requires a comparison to a cost-effectiveness threshold [19]. In the case of CR, the figures show that the upfront cost of CR implies that it is not expected to be cost-effective for the first few years after it is delivered but over the longer term it would be considered cost-effective.

3.3.2 Cost- effectiveness threshold
In cost-effectiveness analysis the threshold value is conventionally defined as the maximum a decision maker is willing to pay for an additional unit of health gain (e.g. a QALY) [20]. In a budget constrained system where health maximisation is the primary focus, the most appropriate cost-effectiveness threshold selected would be informed by the level of health that is displaced from any disinvestment necessary to fund the additional health improving intervention, i.e. the opportunity cost of the intervention. 
In their methods guide for conducting economic evaluation NICE consider a threshold value of between £20,000 and £30,000 per QALY gain to be most appropriate [17]. NICE have further clarified that they consider this threshold value to not be a reflection of the opportunity cost of expenditure in the NHS alone, arguing that it includes a range of other unquantified factors, primarily relating to stimulating investment in the UK health sector [21]. This is supported by research which has estimated that the opportunity cost alone is significantly lower than the threshold applied by NICE, approximately to £13,000/QALY at a national level [15], or closer to £7,000/QALY for locally commissioned services [22]. 
Therefore, while the NICE threshold is conventionally used in economic evaluations to determine cost-effectiveness of healthcare interventions in a UK setting its appropriateness to local commissioners has been brought into question both in terms of what it signifies [12] and the value applied [15].
In the CR context, exploring the ICER over time (Figure 2C) demonstrates that the high upfront cost of the programme, but long-term health gains, results in the ICER value reducing quickly from over £100,000/QALY to within the NICE threshold range within a few years. This finding underpins the cost-effectiveness of providing CR programmes even at low thresholds and short time horizons but has implications for the estimated justifiable expenditure to increase CR uptake. 

3.3.3 Budget and decision uncertainty
Under the NICE economic evaluation framework, the reporting of decision uncertainty, generated both through the potential cost and health benefits of completing interventions, is encouraged using a range of methodologies [17]. However, aversion to decision uncertainty is likely to be different at a local level than nationally [23]. 
All three graphs presented in Figure 2 include estimates of the uncertainty associated with each element of the cost effectiveness of CR, represented through 95% confidence intervals around the expected value. 25 years was selected as the maximum time period on the x-axis for these graphs as it is the time at which the respective curves flatten, i.e. all of the cohort being modelled has died. 
Importantly, the increased cost and QALY uncertainty over time has no impact on the overall profile of cost-effectiveness, with Figure 2C indicating CR remains cost-effective at all point within the 95% confidence interval. 
While these analyses show that decision uncertainty does not impact the overall assessment of the cost-effectiveness of CR in this analysis, it is important to note that the final decision about what is considered a reasonable level of uncertainty and the implications of worse outcomes should be made at the commissioner level. For example, the approach to uncertainty taken here assumes symmetry of preference, such that the potential for better than expected outweigh the risk of worse than expected outcomes. However, a commissioner may have asymmetries of preference, for example a strong aversion to avoiding CR costs that exceed some level that are not offset by the chance that CR is cost-saving in the long term. Issues such as this are discussed elsewhere in the literature [23, 24]. 
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[bookmark: _Ref109737498]Figure 2: graphs of the undiscounted incremental QALYs (A), incremental costs (B), cost per QALY (C), and Net Monetary Benefit (D) over time of CR versus no CR with associated uncertainty















NB. costs (figure A) and QALY (B) are undiscounted over time, the ICER (C) are discounted at a rate of 3.5% consistent with the NICE methods guide


3.3.4 Scope of included costs and outcomes
Conventionally only the costs borne by the NHS and personal social services (PSS) and the QALY-based health impact on the individual are considered the primary focus of economic evaluation [25]. While NICE does support the inclusion of wider cost and outcomes implications [17], there is currently no agreed method on how best to incorporate these, primarily due to challenges in the accounting for different opportunity costs in different sectors [26]. However, estimates of such burden, be it positive or negative, remain an important consideration for commissioners. 
In the case of CR these wider costs and outcomes can be conceptualised in three groups:
1. Economic productivity. Existing evidence has demonstrated the significant economic burden of CV disease has been reported to be significant [27]. However, in terms of CR this is difficult to quantify currently as there is limited research directly linking CR engagement and economic productivity. 
2. Carer impact. Due to the mobility impact of cardiovascular disease it is associated with a significant burden on the close social network who bare much more the responsibility for providing support to the patient both in term of their own physical and mental health in addition to impacts on their own economic productivity [28]. The potential of CR to reduce future CV events implies a potential benefit to carers that is not currently incorporated into this analysis. 
3. Out of pocket costs. Prior to the covid-19 pandemic the majority of CR programmes consisted of group-based activities at fixed times, entailing a cost to the patient both in terms of travel costs and the opportunity cost of attending, for example time off work. However, since then there has been a shift to home-based or hybrid programmes which are expected to entail smaller patient out of pocket burden [29]. Additionally, CR’s reduction of future cardiovascular events is likely to have an impact on patient out of pocket costs. 

3.3.5 Inequality
As reflected in Figure 1, socioeconomic inequality is a significant factor in the uptake of CR across all the SCNs, but to varying extent. Furthermore, previous research has highlighted how inequality impacts individual engagement with CR completion [11] as well as the propensity to benefit from it [10] with the most deprived gaining 0.1 QALY less from engaging with CR per person while costing the NHS more over their lifetime than the least deprived. Therefore, any programme to improve uptake in CR programmes must explicitly consider the socioeconomic implications.

Discussion
The role of health and social care analysis, including economic evaluation, must always be to inform and hold accountable decisions made by appointed decision makers [30]. It is therefore necessary for the evidence generated by such analyses to reflect differences between national commissioning and priority setting and that at a local level [12]. To date the economic evaluation literature related to the cost-effectiveness of CR has taken the conventional HTA framework, supported by NICE among others, which focusses on the lifetime cost-effectiveness of competing alternatives with a national level commissioner in mind [9]. 
However, the commissioning of CR primarily occurs at a regional level through the SCNs. As our analysis has shown, each SCN faces a unique landscape relative to each other and the national setting in terms of existing provision, patient need, and available funding, and therefore each has different requirements from an economic evaluation of CR. In addition to identifying this challenge we have sought to provide a broader overview of the implications of increasing CR uptake than is currently available in the literature. To achieve this we have explored the distinct elements which make up the case for cost-effectiveness of CR and the associated increase in uptake to achieve the NHS Long Term Plan’s target [4]. 
The strength of this paper is through increasing the accessibility and availability of evidence necessary to inform decision making at the point of commissioning. For CR this is a vital step if the NHS Long Term Plan uptake target is to be achieved, especially if it is to be achieved in a cost-effective way. By employing the decision model used to inform the NHS Long Term Plan this analysis also provides commissioners with additional understanding of how the national policy was informed by the evidence, and how it relates to their own area. 
There are, however, a number of weaknesses associated with this analysis. While we have attempted to make the informing of decision making based on cost-effectiveness more relevant to local commissioners, there remain a number of area where this analysis is limited. For example, are analysis assumes that all costs relevant to the analysis are variable, and all budgets soft, with limited consideration of the issue of affordability. While these assumptions are routine in HTA economic evaluation they may play an important part when translating evidence to local commissioners, for further discussion read Howdon et al. [23]. 
The analysis was also forced to make a number of simplifying assumptions regarding the differences between the commissioning landscape faced by each SCN. The analysis presented only considers variation in socioeconomic characteristics (measured by IMD) and current CR uptake between the regions. When making commissioning decisions there are likely to be a number of other factors which impact the case for cost-effectiveness. These might include the cost of care such as hospitalisation, the local cost and existing supply of commissioning CR programmes, long term commissioning arrangements, as well as population characteristics such as the level of urbanisation of the population, ethnographic features, and levels of co-morbidities. These are all areas that require further research, such as the potential non-linearity between increasing CR uptake from currently levels and propensity to benefit, or analysis at a regional level prior to commissioning.
Furthermore, the analysis has assumed the effectiveness of CR at a local level matches the conclusions of an international meta-analysis [3], which informs the decision model. While this is appropriate given a lack of alternative evidence, the wide variation in current services offered by SCNs demonstrated in this paper, is likely to be associated with variation in effectiveness. 
This study has also identified a number of areas where additional empirical and methodological work is required if commissioning decisions made at a local or regional level are to be well informed by economic evaluation research both in CR and more generally. Specific to CR, while this study has identified the variations in how far SCNs must go to achieve the 85% uptake target and the cost and health outcome implications of doing so, there is little research relating to the best way to achieve these increases, and to do so in an equitably way. Any interventions developed or subject to evaluation going forward would achieve greater policy impact through a clearer interrogation of the drivers of cost-effectiveness and the impact on inequality as we have reflected in this paper. Examples of such interventions include the rollout of home-based CR, such as the REACH-HF programme [29]. While such programmes may be effective in increasing total uptake by providing additional modalities of CR, carful recording is needed to ensure there are no detrimental impacts to more deprived groups. 
From a more general perspective more research is required in understanding how economic evaluation methodology can best inform local commission decisions. While attempts have been made to interact with local processes [14], and to create appropriate frameworks to apply economic evaluation [12], these are in their relative infancy. Additionally methodological research is required about the most appropriate means of incorporating the additional considerations covered in Section 3.3.4 of this paper, relating to the scope of included costs and outcomes. 
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