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A1.1 Operationalising the impact inventory for healthcare- a stylized example 
In a simple example, each patient who receives the new healthcare intervention benefits from 2 additional QALYs at a cost to the healthcare system of £13,000. At the margin it is known that one QALY will be forgone for every £13,000 pounds spent in healthcare(21). The health opportunity cost can be calculated by dividing the direct healthcare costs (£13,000) by the marginal productivity of the healthcare sector for health (£13,000 per QALY). 
Assume two patients (1 & 2) would receive the new intervention, whilst two other unknown individuals (X & Y) would forgo interventions[footnoteRef:1]. The impact inventory can be represented as shown in Figure A1. [1:  It should be noted, that these could potentially be patients 1 and 2] 

	 
	 
	Health (QALYs)

	 
	 
	Direct Effects
	Opportunity costs

	Individuals
	P1
	2 QALYs
	0 QALYs

	
	P2
	2 QALYs
	0 QALYs

	
	Px
	0 QALYs
	1 QALYs

	
	Py
	0 QALYs
	1 QALYs


Figure A1: Stylized example of impact inventory for healthcare sector
The decision maker must decide whether the introduction of the intervention is worthwhile. This requires comparing the health gained against the health forgone by each patient. The within-patient aggregation function is simply the net gain in health which is the direct effect less the opportunity cost[footnoteRef:2]. Using a within-dimension aggregation function whereby the health of each individual is valued equally[footnoteRef:3] , the net health benefit (NHB) from the new intervention is given by: [2:  This could be expanded to a function also considering characteristics of the individuals who gain and lose health, the initial level of health of each individual, with different weights attached to each individual (22)]  [3: This is the method used by the National Institute of Health and Care Excellence (NICE) (14)] 

(1) 
If health is the decision maker’s only dimension of interest and the aggregation method is acceptable then, as the intervention improves overall health (i.e. has a positive NHB), it should be approved. 
A1.2 Operationalising the impact inventory for healthcare and consumption- a stylized example 
Expanding the previous example, the healthcare intervention is evaluated using a two-dimension impact inventory that considers both health and consumption[footnoteRef:4]. The direct effect of the intervention is to increase the consumption of each individual treated by £10,000.  The consumption opportunity costs from healthcare interventions forgone could be estimated using the marginal productivity of the healthcare sector for consumption.  In this example it is assumed that £2 of consumption is forgone for every £1 of healthcare expenditure. The consumption opportunity costs are then calculated based on the direct healthcare costs (£13,000) and the marginal productivity of the healthcare sector for consumption (£2 of consumption for £1 of healthcare expenditure).    [4:  Independence between the two measures is assumed. In general, care should be taken to avoid possible double counting if both dimensions capture some of the same benefits] 

The two patients (1 & 2) who receive the new intervention experience health gain of 2 QALYs and consumption benefits of £10,000 each, whilst two other individuals (X & Y) would forgo health of 1 QALY and consumption of £26,000 each. The corresponding impact inventory is shown in Figure A2.
	 
	 
	Health (QALYs)
	Consumption

	 
	 
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs

	Individuals
	P1
	2 QALYs
	0 QALYs
	£10,000
	£0

	
	P2
	2 QALYs
	0 QALYs
	£10,000
	£0

	
	Px
	0 QALYs
	1 QALYs
	£0
	£26,000

	
	Py
	0 QALYs
	1 QALYs
	£0
	£26,000


Figure A2: Stylized example of impact inventory for consumption
Whether the introduction of the intervention is worthwhile requires consideration of the objectives of the healthcare decision maker (who has jurisdiction over whether to introduce the intervention). 
Consider aggregation based on a within-dimension approach[footnoteRef:5].  For an explicit trade-off between health and consumption, it is necessary to define the value of a unit of health relative to consumption ()[footnoteRef:6].  For example, this could be based on the willingness to pay for health of a sample of the general population, or each individual’s willingness to pay. In the UK, a widely used value, including by the Department of Health, is that a QALY is worth £60,000 of consumption (13). If health and consumption are valued equally across individuals, then the net benefit function can be estimated as shown below.  [5:  This may be considered more appropriate if the decision maker’s main, or even only, concern is the impact on health and impacts on consumption are secondary (13)]  [6:  This gives the value of a unit of health in terms of units of consumption. Consumption is simply being used as the common numeraire; it is equally possible to convert consumption into health, or both dimensions into another measure of outcome. For simplicity this is assumed to be constant and unrelated to the size of the change in health.] 

(1) 
(2) 
The first part of this equation reflects the impact on health and the second the impact on consumption. As the net benefit is positive, the introduction of the intervention maybe considered appropriate. However, this will only be the case if the decision maker accepts this reflection of net benefit.  They may only care about health, as such only the net health benefit is important to them (i.e. 2 QALYs).  Alternatively, they may not accept the value of  used. It may be useful to present results based on a range of values of  or, alternatively, to present the threshold of  at which the net benefit changes from negative to positive (£16,000 of consumption per QALY in this case). 
A1.3 Operationalising the impact inventory for healthcare, education and consumption- a stylized example 
Expanding upon the example, the new intervention now impacts on an individual’s health, education and consumption and involves two decision makers (health sector and education sector)[footnoteRef:7]. Costs are incurred by both the health and education sector and, as such, the decision makers responsible for each sector are both involved in the decision.  We define the education outcome in terms of the individual graduating high school[footnoteRef:8]. [7:  With the introduction of more outcomes, the risk of double or treble counting of benefits needs to be considered carefully]  [8:  This is captured as a binary indicator] 

The new intervention has a direct impact on health (2 QALYs), education (allows the individual to graduate), healthcare costs (£13,000), education costs (£20,000) and consumption (£10,000). The health, education and consumption that will be forgone due to the resources not being available for other health and education interventions can again be estimated.  These would be based on the costs to each sector and the marginal productivities of each sector for each outcome. It is assumed that for every £10,000 of education costs, one student elsewhere will not graduate ( and will forgo £30,000 of consumption. For simplicity we assume that the healthcare sector does not impact on education directly and the education sector does not impact on health directly[footnoteRef:9]. [9:  It is possible to capture the effects of health expenditure on education or of education expenditure on health (for example, using the marginal productivity of healthcare expenditure on a student graduating). The possibility of cross-sectoral impacts has been discussed elsewhere (23) and notation for capturing these effects is presented in the technical appendix.   ] 

Now the two patients (1 & 2) receive the new intervention and experience health gain (2 QALYs), educational benefits (graduate) and consumption benefits (£10,000). Two other unknown individuals (X & Y) would not receive other healthcare interventions and, consequently, would forgo the associated benefits in terms of health (1 QALY) and consumption (£26,000). It is not necessarily the case that any forgone education interventions would impact those same individuals who forgo healthcare interventions. Therefore, in this example, four other unknown individuals (A,B, C and D) have opportunity costs resulting from forgone education interventions (not graduating and forgoing £30,000 of consumption). The impact inventory can, therefore, be represented as shown in Figure A3. 
	
	 
	Health (QALYs)
	Education
	Consumption

	 
	 
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs

	Individuals
	P1
	2 
	0
	1
	0
	£13,000
	0

	
	P2
	2
	0
	1
	0
	£13,000
	0

	
	PX
	0
	1
	0
	0
	0
	£26,000

	
	PY
	0
	1
	0
	0
	0
	£26,000

	
	PA
	0
	0
	0
	1
	0
	£30,000

	
	PB
	0
	0
	0
	1
	0
	£30,000

	
	PC
	0
	0
	0
	1
	0
	£30,000

	
	PD
	0
	0
	0
	1
	0
	£30,000


Figure A3: Stylized example of impact inventory for three sectors
Whether the introduction of the intervention is worthwhile requires consideration of the objectives of the two decision makers involved (the healthcare decision maker and the education decision maker).  If the decision makers only care about health and education, respectively, consumption could potentially be ignored. However, a means for valuing the health against education outcomes would still be required. If consumption is also considered important, then a method for valuing all three is required. As previously, a within-dimension or a within-individual approach could be taken for the aggregation. 
A within-dimension approach might be considered appropriate given each decision maker's remit to focus on a particular sector. Using such an approach and a simple aggregation function whereby all individuals are weighted equally, the net health benefit (NHB), net education benefit (NEB) and net consumption benefit (NCB) can be estimated.
(1) 
(2) 
(3)  
If all three net benefit functions are positive, and the simple aggregation function acceptable, then there would be no conflicts and decision makers in both health and education would consider the introduction of the intervention to be worthwhile regardless of weights for the different outcomes. However, in this case with improvement in health and losses in education and consumption a method for aggregating across health, education and consumption is required. 
Initially ignoring the impacts on consumption, it is worth considering whether it is possible for the healthcare decision maker to compensate the educational decision maker so that there are gains in both dimensions (23,24). Based on the marginal productivity of the healthcare sector (£13,000 per QALY), the healthcare decision maker could provide compensation of a maximum of £26,000 (2 QALYs) and still be at least as well off as before the introduction. Based on the marginal productivity of the education sector (£10,000 per graduation), there would be no reduction, and potentially a gain, in the number of students graduating if the education sector was provided with at least £20,000. Therefore, there is scope for healthcare to compensate education sector such that both gain (compensation of greater than £20,000 but less than £26,000). Implementing transfers may impose additional costs which could reduce the scope for mutual gains from compensation (24).
If consumption is also considered, a method for converting health and education into the common numeraire of consumption is required. Previously a value of £60,000 per QALY was used to convert health to consumption ().  If a consumption value for a student graduating is known (), it can be applied to the net effect on graduations in the same way as for health. If no consumption value is known for a student graduating then a reasonable proxy may be to consider that the allocation of the budgets in the public sector is such that the value of a pound spent in either education or consumption is the same in terms of its consumption value[footnoteRef:10]. On this basis, the consumption value of a student graduating is £46,154. The net benefit can then be estimated as shown below: [10:  Based on the assumption that public sector budgets are set efficiently such that the ratio of the consumption value of the unit of outcome and the marginal productivity of the sector for that unit is the same across sectors   ] 

(4) 
(5) 
Based on these values, it may be considered that the intervention should not be introduced.  However, there is no guarantee that it will be possible to get consensus between the different decision makers on the method for aggregation and the values used. When decision makers have different objectives or relative valuations of objectives, the NB may look different to each. However, by providing the evidence on the impacts on different outcomes, and presenting results based on different relative valuations, the analyst can help to inform any deliberations between decision makers.

Appendix 2- Algebraic notation for operationalising the impact inventory for health care

This appendix sets out algebraic notation for the use of the impact inventory framework for economic evaluation. 

A2.1 One sector: Health care only
It is assumed that each patient who receives the intervention benefits from  additional QALYs at a cost to the health care system of . At the margin it is known how much health will be forgone as a result of changes to spending in the health care system (one QALY will be lost as a result of every   pounds not spent). The health opportunity cost can, therefore, be calculated based on the direct health care costs () and the marginal productivity of the health care sector for health (). 
In a simple example where two patients (1 & 2) would receive the new intervention if it were introduced, and each receive health gain of , whilst two other unknown individuals (X & Y) would have their interventions displaced and lose health of each. The impact inventory can, therefore, be represented as shown in Figure A2.
	 
	 
	Health (QALYs)

	 
	 
	Direct Effects
	Opportunity costs

	Individuals
	P1
	
	0

	
	P2
	
	0

	
	Px
	0
	

	
	Py
	0
	


Figure A2: Impact inventory for health care sector

A2.2- Two sectors: Health care and consumption
For a two-dimension impact inventory capturing health and consumption, the impact of a new health care intervention can be split into its impact on these two outcomes.  The direct effects on consumption from the intervention for each individual treated can be estimated ().  If a new intervention is introduced, other interventions must be forgone and these interventions may also impact on consumption. As with health opportunity costs, these consumption opportunity costs can be estimated using the marginal productivity of the health care sector for consumption (). The consumption opportunity costs are then calculated based on the direct health care costs () and the marginal productivity of the health care sector for consumption ().  
Expanding upon the previous simple example, two patients (1 & 2) would receive the new intervention, and experience health gain of  and consumption benefits of  each, whilst two other individuals (X & Y) would have their treatment forgone and not receive health of   and consumption of  each. The impact inventory can, therefore, be represented as shown in Figure A2.
	 
	 
	Health (QALYs)
	Consumption
	

	 
	 
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs
	Net benefit

	Individuals
	P1
	
	0
	
	0
	

	
	P2
	
	0
	
	0
	

	
	Px
	0
	
	0
	
	

	
	Py
	0
	
	0
	
	

	
	Net benefit
	
	
	


Figure A2: Impact inventory for consumption

A2.3- Three sectors: Health care, education and consumption
For a three-dimension impact inventory capturing individual’s health, education and consumption; the new intervention has a direct impact on health (), education (), health care costs (), education costs () and consumption (). These impacts need to be compared with what is forgone. The health, education and consumption that will be forgone due to the resources not being available for other health and education interventions can again be estimated.  These would be based on the costs to each sector and the marginal productivities of each sector for each of the outcomes (for example, the marginal productivity of the health care sector to produce education is given by  ) (note these cross productivities are ignored in the main manuscript). 
Expanding upon the previous example, two patients (1 & 2) receive the new intervention and experience health gain, educational benefits and consumption benefits. Two other unknown individuals (X & Y) would not receive other health care interventions and, consequently, would forgo the associated benefits in terms of health and education outcomes and consumption. It is unlikely  that the costs that fall on the education sector would result in forgone education interventions impacting the same individuals who lose health because of forgone health care interventions. Therefore, in this simple example, two other unknown individuals (Z & W) have opportunity costs resulting from forgone education interventions. The impact inventory can, therefore, be represented as shown in Figure A3.
	 
	 
	Health (QALYs)
	Education
	Consumption

	 
	 
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs
	Direct Effects
	Opportunity costs

	Individuals
	P1
	
	0
	
	0
	
	0

	
	P2
	
	0
	
	0
	
	0

	
	PX
	0
	
	0
	
	0
	

	
	PY
	0
	
	0
	
	0
	

	
	Pz
	0
	
	0
	
	0
	

	
	Pw
	0
	
	0
	
	0
	


Figure A3: Impact inventory for three sectors

A2.4- N Sectors
The notation set out above is generalizable to N sectors and sets out the direct effects and methods for estimating the opportunity costs based on each sectors marginal productivity for each outcome.



