Overview of research on the marginal productivity of NHS, PH and ASC expenditure
The overall aim of this programme of research has been to strengthen and update estimates of the marginal productivity of NHS expenditure and extend this type of analysis to include other categories of public expenditure, including public health (PH) and adult social care (ASC).  The broad purpose is to provide a more complete picture of the benefits of public expenditure and to estimate the marginal value of public funds within and across these sectors.   
[bookmark: _GoBack]Below we present a brief annotated bibliography of publications, draft papers and ongoing research.  The order reflects how the reasoning and evidence builds upon each other rather than by publication date.  Although this is organised in three sections: NHS expenditure, Public Health and Adult Social Care, the overall aim is to understand the value of public expenditure within and across these sectors, while accounting for the impact that one sector may have on another.  
The following CHE Research Summaries of different aspects of this work also provide brief accessible background:
Claxton (2023). Estimating the health effects of changes in NHS expenditure. Centre for Health Economics Research Summary 9. https://www.york.ac.uk/media/che/documents/papers/researchsummaries/Summary%209.pdf
Longo and Claxton (2023). Is extending eligibility for Adult Social Care better than spending more on people who already use services? Centre for Health Economics Research Summary 14. https://www.york.ac.uk/media/che/documents/papers/researchsummaries/Summary%2014.pdf
Claxton (2024) How should we reward pharmaceutical innovation.  Centre for Health Economics Research Summary 18. https://www.york.ac.uk/media/che/documents/papers/researchsummaries/How_should_we_reward_pharmaceutical_innovation.pdf

NHS expenditure
Publication: Claxton, K., Martin, S., Soares, M., Rice, N., Spackman, E., Hinde, S., Devlin, N., Smith, P. C., & Sculpher, M. (2015). Methods for the estimation of the National Institute for Health and Care Excellence cost-effectiveness threshold. Health technology assessment, 19(14), 1-542. https://doi.org/10.3310/hta19140 
First published as CHE research report in 2013. Claxton, K. P., Martin, S., Soares, M. O., Rice, N., Spackman, E., Hinde, S., Devlin, N., Smith, P. C., & Sculpher, M. (2013). Methods for the estimation of the NICE cost effectiveness threshold. (CHE Research Paper; No. 81). Centre for Health Economics, University of York. https://www.york.ac.uk/media/che/documents/papers/researchpapers/CHERP81_methods_estimation_NICE_costeffectiveness_threshold_(Nov2013).pdf
Research: the original research funded by the MRC estimating the marginal cost per QALY for three waves of expenditure data (06/07 to 08/09) (not EEPRU funded).  
Findings: the cost per QALY was significantly lower than the NICE ‘threshold range’ and is likely to be lower than £15,000 per QALY

Publication: Claxton, K., Sculpher, M., Palmer, S., & Culyer, A. J. (2015). Causes for concern: is nice failing to uphold its responsibilities to all NHS patients? Health Economics, 24(1), 1-7. https://doi.org/10.1002/hec.3130 
Research: the original research was used to show that opportunity costs fall on health in areas of high disease severity and also impact wider social benefits (not EEPRU funded).
Findings:  failure to account of the full range of opportunity costs when considering disease severity of wider social benefits is counterproductive.

Publication: Love-Koh, J., Cookson, R., Claxton, K., & Griffin, S. (2020). Estimating Social Variation in the Health Effects of Changes in Health Care Expenditure. Medical Decision Making, 40(2), 170-182. Article 272989X20904360. https://doi.org/10.1177/0272989X20904360
Research: the original research was combined with estimates of the distribution of health across equity characteristics (not EEPRU funded).
Findings:  marginal changes in NHS expenditure reduce health inequalities.

Publication: Claxton, K. P. (2016). Pharmaceutical Pricing: Early Access, The Cancer Drugs Fund and the Role of NICE. (Policy & Research Briefing). Centre for Health Economics, University of York. https://www.york.ac.uk/media/che/documents/policybriefing/Drug_prices.pdf
Research: this accessible policy briefing was based on a presentation to the Westminster health Forum (not funded by EEPRU).
Findings: The evidence of health and other opportunity costs associated with NHS expenditure was used to critique NICE, pharmaceutical pricing mechanisms, the cancer drugs fund and early access proposals from the Office and life Sciences.

Publication: Lomas, J., Claxton, K., Martin, S., & Soares, M. (2018). Resolving the ‘cost-effective but unaffordable’ ‘paradox’: estimating the health opportunity costs of non-marginal budget impacts: Estimating the Health Opportunity Costs of Non Marginal Budget Impacts. Value in Health, 21(3), 266-275. Advance online publication. https://doi.org/10.1016/j.jval.2017.10.006
Research: extended the original research to examine non marginal budget impacts. 
Findings: evidence of diminishing marginal returns. Non marginal budget impacts are likely to incur greater health opportunity costs, i.e., the cost per QALY is lower. 

Publication: Soares, M. O., Sculpher, M. J., & Claxton, K. (2020). Health Opportunity Costs: Assessing the Implications of Uncertainty Using Elicitation Methods with Experts. Medical Decision Making, 40(4), 448-459. https://doi.org/10.1177/0272989X20916450
Soares, M. O., Sculpher, M. J., & Claxton, K. (2021). Authors' Response to: "Health Opportunity Costs and Expert Elicitation: A Comment on Soares et al." by Sampson, Firth, and Towse. Medical Decision Making, Article 272989X20987222. https://doi.org/10.1177/0272989X20987222
Research: structured elicitation was used to examine the plausibility of the assumptions required to link mortality effects to QALY effects based on estimates of the QALY burden of disease.  
Findings: the assumptions used in the original and subsequent research are likely to be conservative with respect to health outcomes (the marginal cost per QALY is likely to be lower).

Publication: Soares, M. O., Sculpher, M. J., & Claxton, K. (2021). Authors' Response to: "Health Opportunity Costs and Expert Elicitation: A Comment on Soares et al." by Sampson, Firth, and Towse. Medical Decision Making, 41(3), Article 272989X20987222. https://doi.org/10.1177/0272989X20987222
Research: a response to a critical commentary, by members of the Office of Health Economics, on Soares et al 2020. 
Findings: this was an opportunity to provide a concise accessible summary of this research with a comprehensive rebuttal of the criticisms made. 

Publication:  Lomas, J. R. S., Martin, S., & Claxton, K. P. (2019). Estimating the marginal productivity of the English National Health Service from 2003 to 2012. Value in Health, 22(9), 995-1002.  https://doi.org/10.1016/j.jval.2019.04.1926
Research: the original research was extended to the analysis to 10 waves of PCT expenditure data (03/04 to 12/13) using the original approach to identification. This required changing the geographic unit of analysis to Local Authorities, which is the geographical unit of analysis used in all subsequent research.   
Findings: confirmed the findings of the original research and suggested that cost per QALY was likely to be less than £15,000 per QALY.

Publication: Claxton, K., Lomas, J., & Martin, S. (2018). The impact of NHS expenditure on health outcomes in England: Alternative approaches to identification in all-cause and disease specific models of mortality. Health Economics, 27(6), 1017-1023. https://doi.org/10.1002/hec.3650
Research: evaluation of an alternative and more theoretically secure method of identification based on elements of the funding allocation mechanism.  This approach to identification was used in all subsequent research.
Findings:  this approach to identification was more secure and broadly replicated the results when using the original approach to identification.

Publication: Martin, S., Lomas, J., Claxton, K., & Longo, F. (2021). How Effective is Marginal Healthcare Expenditure? New Evidence from England for 2003/04 to 2012/13. Applied Health Economics and Health Policy, 19, 885–903. https://doi.org/10.1007/s40258-021-00663-3
Research: the new approach to identification was used to reanalyse the 10 waves of PCT expenditure data and explore panel data estimation as well as estimates from repeated cross sectional data.
Findings: estimates (both panel and cross section) were consistent with previously work and suggest that the cost per QALY which reflects health opportunity costs in the NHS is likely to be lower than £15,000 per QALY.  There was no evidence of over fitting when using repeated cross sectional analysis.

Publication: Claxton, K., Lomas, J., Longo, F., & Salas Ortiz, A. (2024). Apples and oranges. Health policy (Amsterdam, Netherlands), 143, 105041. Advance online publication. https://doi.org/10.1016/j.healthpol.2024.105041
Research: a response to a critical commentary, on Martin et al 2021 suggesting that time series association could question the validity of these findings.
Findings: this was an opportunity to explain the distinction between time series associations, and why they are unhelpful, and causal estimates of exogenous changes in expenditure, which is wat is needed for policy choice. 

Publication: Martin, S., Claxton, K., Lomas, J., & Longo, F. (2022). How Responsive is Mortality to Locally Administered Healthcare Expenditure? Estimates for England for 2014/15. Applied Health Economics and Health Policy, 20, 557–572. https://doi.org/10.1007/s40258-022-00723-2
Research:  analysis of CCG expenditure (65% of total spend) using different approaches to covariate selection and how the health effects differ across the mortality distribution. 
Findings: The marginal cost per QALY of CCG expenditure was lower (less than £7,000 per QALY) and was insensitive to different approaches to covariate selection and heterogeneity across the mortality distribution.  Health effects of expenditure are greater in areas of higher mortality.    

Publication: Martin, S., Claxton, K. P., Lomas, J., & Longo, F. (2023). The impact of different types of NHS expenditure on health: Marginal cost per QALY estimates for England for 2016/17. Health Policy, 132, 104800. Article 104800. https://doi.org/10.1016/j.healthpol.2023.104800, https://doi.org/10.1016/j.healthpol.2023.104800
Research: analysis of total NHS expenditure and joint analysis of CCG, primary care and specialised commissioning expenditure.
Findings: the marginal cost per QALY for total NHS expenditure was consistent with previous research (less than £6,000 per QALY).  The marginal cost per QALY was low for primary care (less than £2,000 per QALY) and for CCG expenditure (less than £8,000 per QALY). It was highest for specialised commissioning (greater than £30,000 per QALY).  Results were insensitive to covariate section.

Publication: Claxton, K. P., Lomas, J., Longo, F., & Salas Ortiz, A. (2024). Sampson and Cookson’s commentary: what is it good for? Health Policy, 146, 105100. Article 105100. https://doi.org/10.1016/j.healthpol.2024.105100
Research: a response to a critical commentary, by members of the Office of Health Economics, on Martin et al 2023, but also questioning the quality and relevance of the earlier related research.
Findings: this was an opportunity to provide a concise accessible summary of this body of research dealing with the robustness of this body of evidence as well as its relevance to policy decisions. 

Publication: Rashmin, R, Lomas, J. (2025) Are funding rule instrumental variables plausibly exogenous for estimating the health effects of English NHS expenditure? Policy Research Unit in Economic Evaluation of Health and Social Care Interventions. Universities of Sheffield and York. Report 78 https://doi.org/10.15131/shef.data.30724211 and https://eepru.sites.sheffield.ac.uk/reports-publications/reports
Research: Sensitivity analysis and an examination of the inevitable uncertainty surrounding the validity of the instruments used to estimate the health effects of changes in health expenditure since Claxton et al 2018. 
Findings: the published estimate of marginal cost per QALY are robust to the ‘structural uncertainty in the validity of instruments used in all recent publications.  A similar sensitivity analysis in Claxton et al 2015 showed similar results for the instruments used in earlier publications.

Publication: Lomas J, Longo F, Salas-Ortiz A, Claxton K (2025). Estimating the health benefits of increasing and reallocating expenditure on the National Health Service in England. Policy Research Unit in Economic Evaluation of Health and Social Care Interventions. Universities of Sheffield and York. Report 077 https://doi.org/10.15131/shef.data.30719684  and https://eepru.sites.sheffield.ac.uk/reports-publications/reports Submitted to Health Economics, Policy and Law. 
Research: Re-estimate the health effects of NHS expenditure using alternative functional forms to identify the effects of non-marginal changes in expenditure and apply estimated elasticities to measures of burden of disease that are more representative of local geographies.  
Findings: the marginal cost per QALY differs across local geographies. We show how a re-allocation of NHS resources could improve health outcomes and reduce health inequalities.  We also show that that (based on UK Treasury values) there is a strong case of an increase in public expenditure on the NHS.
  
Ongoing EEPRU III research on NHS expenditure
Estimating the marginal value of public expenditure on health and social care
This project will fill the remaining gaps in the current evidence of the beneficial effects of NHS expenditure: 
1. Estimate of the marginal and non-marginal effects of NHS expenditure on carer related quality of life (CrQL).  This will include an examination of the possible channels and identification of beneficial effects which may not be fully captured in CrQL.
2. Estimate of the effect of NHS expenditure on measures of paid production (gross value added - GVA)  
3. Examine the feasibility of extending the analysis of distributional impacts beyond the mortality distribution to other equity bearing characteristics. 

Estimating the health benefits of reducing technical inefficiency in the NHS: a scoping study.
The aim is to understand the relationship between marginal productivity and technical efficiency, and the health benefits of reducing inefficiencies. This scoping study will inform proposed empirical strategies, which can combine estimates of marginal productivity with measures of technical efficiency and, in doing so, estimate the potential health benefits of reducing technical inefficiency.   

Public health (PH) expenditure
Publication: Martin, S., Lomas, J., & Claxton, K. (2020). Is an ounce of prevention worth a pound of cure? A cross-sectional study of the impact of English public health grant on mortality and morbidity. BMJ Open, 10(10), Article e036411. https://doi.org/10.1136/bmjopen-2019-036411
Research:  analysis of the mortality and QALY effects of marginal changes in PH and NHS expenditure jointly using 2013/14 expenditure data. 
Findings:  The marginal cost per QALY of public health expenditure was lower than for NHS expenditure, so  an additional £1 billion spent on public health will generate 206 398 QALYs and an additional £1 billion spent on healthcare will generate 67 060 QALYs. 

Adult social care (ASC) expenditure
Publication: Martin, S., Longo, F., Lomas, J., & Claxton, K. (2021). The causal impact of social care, public health and healthcare expenditure on mortality in England: cross-sectional evidence for 2013/14. BMJ Open, 11(10), Article e046417. https://doi.org/10.1136/bmjopen-2020-046417
Research: analysis of the joint effect of changes in ASC, PH and NHS expenditure on mortality using a similar approach to identification as used in previous work. 
Findings: All three forms of public healthcare-related expenditure reduce mortality and there is evidence that additional social care expenditure is more than twice as productive as additional healthcare expenditure.

Publication: Longo, F., Claxton, K. P., Martin, S., & Lomas, J. (2023). More long-term care for better health care and vice versa: investigating the mortality effects of interactions between these public sectors. Fiscal Studies.  https://doi.org/10.1111/1475-5890.12322
Research: analysis of the interaction between ASC and NHS expenditure to identify the direct and indirect effects of ASC expenditure on mortality.
Findings: the effect of ASC expenditure on mortality is indirect by changing the composition and effectiveness of NHS expenditure.  NHS expenditure also reduces demand for ASC and saves resources that could be reinvested in ASC, generating additional mortality and quality of life effects.   

Publication: Longo, F., Claxton, K., Lomas, J., & Martin, S. (2021). Does public long-term care expenditure improve care-related quality of life of service users in England? Health Economics, 30(10), 2561-2581. https://doi.org/10.1002/hec.4396
Research: analysis of the effects of ASC expenditure on the care related quality of life of service users using 2017/18 data and a novel identification strategy exploiting variability in the council tax base across local authorities.
Findings: ASC expenditure has a statistically significant but modest effect on care related quality of life for all recipients and for all subgroups of recipients.

Publication: Longo, F., Claxton, K., Lomas, J., & Martin, S. (2023). Is extending eligibility for adult social care better than investing more in existing users in England? A cross-sectional evidence for multiple financial years. BMJ Open, 13(9). https://doi.org/10.1136/bmjopen-2022-070833
Research: analysis of the marginal and non-marginal effects of ASC expenditure on the care related quality of life of service users using 2017/18 to 19/20 data (separate cross-sections) and using the council tax base for identification.
Findings: ASC expenditure improves care related quality of life with diminishing marginal returns.  Therefore, extending ASC eligibility to new users is likely to be more cost-effective compared with using the same resources to increase expenditure for existing users.

Publication: Salas Ortiz, A., Longo, F., Claxton, K. P., & Lomas, J. (2024). Unpacking the care‐related quality of life effect of England's publicly funded adult social care. A panel data analysis. Health Economics, Article hec.4907. Advance online publication. https://doi.org/10.1002/hec.4907
Research: panel data analysis of the marginal and non-marginal effects and the short and long run effects of ASC expenditure on care related quality of life and other beneficial outcomes using a novel instrument based on the council tax freeze grant scheme.
Findings: ASC expenditure improves care related quality of life with diminishing marginal returns and has larger long run effects.  There is evidence of additional benefits (e.g. anxiety and depression) which may not be fully captured in measures of care related quality of life.   

Publication: Longo, F., Claxton, K., Salas-Ortiz, A., Lomas, J., & Martin, S. (2025). Does publicly-funded Adult Social Care impact informal and unpaid carers’ quality of life in England? Health Economics. Advance online publication. https://doi.org/10.1002/hec.4957
Research: analysis of the marginal and non-marginal effects of ASC expenditure on carers’ quality of life using panel data (2014/15 to 21/22) and a novel instrument based on the council tax freeze grant scheme. 
Findings: ASC expenditure improves carer quality of life with diminishing marginal returns.  There is evidence of additional benefits (e.g. on anxiety and depression) which may not be fully captured in measures of carer quality of life.   

Publication: Longo, F., Claxton, K. P., Mason, A. R., Salas Ortiz, A., & Villasenor-Lopez, A. (2025). Is Caring Productive? The Effect of Adult Social Care on Paid Production in England. Health Economics. Advance online publication. https://doi.org/10.1002/hec.70026
Research: dynamic panel data analysis of the effect of ASC expenditure on paid production (GVA), controlling for council tax base and using a novel instrument based on the council tax freeze grant scheme.
Findings: ASC expenditure has a significant positive effects on paid production through a range of different channels. This analysis suggests a short run multiplier of 5.5 and a long run multiplier of 21.5.

Submission: Longo, F., Salas-Ortiz, A., Claxton, K., & Lomas, J. (2025) What is the impact of fiscal devolution on Adult Social Care in England? Evidence from a quasi-natural experiment. Submitted to the Journal of Economic Behaviour and Organization.
Research: A synthetic difference-in-differences approach to estimate the effect of the business rate retention scheme on pilot local authorities. The analysis spans 2013/14 to 2019/20 and accounts for staggered adoption and non-random selection into the policy.
Findings: the scheme increased net income, which was partly allocated to higher ASC expenditure per capita. This was associated with improvements in user and carer quality of life, reduced mortality, and lower anxiety levels. There was also decline in the proportion of individuals receiving carer allowance.

Publication: Longo, F., Claxton, K. P., Griffin, S., Mason, A. R., Walker, S. M., & Weatherly, H. L. A. (2024). Social Decision-Making Analysis: A General Approach to Inform Decisions on Resources in the Public Sector. Accepted for publication, Value in Health. https://doi.org/10.1016/j.jval.2024.01.015
Research: development of a general theoretical framework for economic evaluation that addresses whether a proposed investment is likely to be worthwhile, given existing levels of public expenditure, and whether the overall level and allocation of public expenditure is appropriate. 
Findings: this paper provides the framework we will use to marshal the evidence (described above) to estimate the marginal value of public funds across health and social care.

Ongoing EEPRU III research on ASC expenditure
Estimating the marginal value of public expenditure on health and social care
This project will fill the remaining gaps in the current evidence of the beneficial effects of ASC expenditure:
1. A feasibility study of extending the analysis of ASC to include the distributional impacts across a range of equity bearing characteristics.  
2. Once all the remaining pieces of evidence are available, an EEPRU report and journal paper will estimate the marginal value of public funds (MVPF) across and within health and social care using the framework published in Value in Health (Longo et. al., 2024). This paper will also act as a purposeful policy relevant summary of the breadth of evidence on the marginal and non-marginal benefits of public expenditure. It will also offer a more complete picture of the opportunity costs of decisions in health and social care.
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