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1. Introduction:
1. The MLC analysis uses regression to estimate the parameters of the relationship between the need for health care services and the indicators of need.  That regression analysis uses costed acute activity (or utilisation data) as a proxy for the need for health care services: however, it is possible that that the level of service utilisation and activity may be lower than appropriate for the underlying need for health services in areas of socio-economic deprivation.  That putative gap between the underlying need and observed health care activity is referred to as unmet need.  (Research has also explored the possibility that there may be excessive levels of activity in relatively affluent areas.)  The issue is illustrated in the following figure, which provides highly stylised representations of graphs of the MLC utilisation observations by data zone, plotted against deprivation or indicators of need.  
Figure 1: Illustrating the Concept of Unmet Need
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2. The chart on the left represents the situation where the actual health care utilisation continues to rise (allowing for the observed random variation) across the full range of the values of the indicators of need (ION).  The line represents the linear function (and predicted values) estimated to account for the relationship between need and the ION.  In contrast, the chart on the right represents the situation where the marginal increase in utilisation tails off at the right hand side of the range of ION.  Here the estimated function, the dashed line, has a lower gradient and the predicted relationship between need and ION is weaker.

3. This note provides a summary overview of previous work which has explored the potential existence and scope of unmet need in the context of resource allocation.  Section 2 lists techniques used in the NRAC research; Section 3 summarises the findings of the research on unmet need for the NRAC report; Section 4; notes the work of the Robertson Centre for Biostatistics; Section 5 lists the techniques which have been used in the context of health resource allocation in England; Section 6 raises some issues around the determinants and policy response to unmet need; Section 7 concludes with some questions for discussion.  

2. Approaches NRAC used to test for unmet need:
4. The research undertaken for the NRAC report deployed a number of techniques to test for the existence of unmet need, building on the work undertaken by McConnachie and Sutton (2004) for the Standing Committee on Resource Allocation.
  These techniques are outlined below in two broad categories: first, analysis using only the utilisation data; second, analysis using the health survey as an independent source of information on morbidity.  
2.1 Approaches based on utilisation data:

i) Examination of residuals:

5. The regression residuals represent the difference between the actual utilisation and the predicted utilisation for each data zone.  They represent the part of the variation in utilisation across data zones which the ION do not ‘explain’.  
6. The residuals can be analysed to attempt to discern whether there are patterns in the residuals which are suggestive of unmet need. 

ii) Variations Method:

7. Health Boards may differ in the extent to which they are able to reduce the incidence of unmet need in their more deprived data zones.  Any reduction in unmet need, relative to other boards, would imply a steeper gradient in the estimated regression of utilisation on ION in those boards.  
8. The variations method therefore estimates the regressions separately for different health boards and compares the estimated parameters for different boards.  If these parameters differ then, in principle, an adjustment for unmet need could be based on the difference in these gradients between boards.  

iii) Simple shortfall method:
9. The shortfall method allows for the possibility that utilisation may not have a linear relationship with ION across the entire range of need.  In particular it allows for the relationship between utilisation and deprivation to have a different slope at the more deprived end of the range (and/or at the more affluent end of the range).  The shortfall method tests whether the relationship is fully linear by introducing spline functions at the more (and/or less) deprived ends of the distribution and testing whether these are statistically significant.  This method has also used to test for the effect of rurality and ethnicity by allowing the slope to differ near the extremes of rurality/ethnicity.  
10. This is illustrated in the following chart.  The thick blue line is the simple linear relationship (equivalent to the solid lines in figure 1).  The shortfall (splined) regression is estimated with splines at the cut-off points at appropriate points towards the lower and higher ends of the deprivation (or rurality/ethnicity) spectrum.  This regression yields something like the solid line (supposing that the slopes do actually differ).  
Figure 2: Illustrating the Shortfall Regression
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2.2. Approaches using health survey data:

11. The issue of unmet need arises from the fact that we do not have a measure of the (true) underlying need for health services and so use utilisation data as a proxy.  The techniques listed above assume that there is a linear relationship between underlying (true) need and the ION.  And that deviations from a linear relationship between utilisation and ION are the result of unmet need driving a wedge between true need and utilisation.  

12. The Scottish Health Survey (SHeS) provides an independent measure of morbidity, as this reports long-term illnesses classified by ICD codes, and this has been used as an alternative proxy for the need for health services.  This work is described below.

i) Comparing SHeS Morbidity and Utilisation
13. The most direct approach is simply to compare the relationship between SHeS disease prevalence and deprivation/ION with the relationship between utilisation data and deprivation/ION.  This exercise provides evidence of any deviation between the increase in morbidity and the increase in activity towards the higher/lower levels of deprivation/ION.  However, given the relatively small sample of the SHeS this comparison has to be quite high level. 
ii) Creating a Synthetic Measure of Morbidity
14. The SHeS data has also been used to construct a variable representing predicted incidence of morbidity across data zones, which is then used as an explanatory variable in a regression of utilisation, in a two-step process.  

15. The first step is to regress the SHeS morbidity prevalence data (for specific conditions) on indicators of need (i.e. estimate the relationship between prevalence and ION) and thereby calculate predicted prevalence for all data zones.  In the second step the utilisation data are regressed on the predicted prevalence along with upper and lower splines for deprivation.  The spline parameters can then be used to test for under or over utilisation at both ends of the deprivation spectrum.  
16. The key benefit of this approach is that it allows for the splines to text for unmet need by comparing utilisation, not with an assumed linear relationship with respect to ION, but with the morbidity proxy derived from SHeS.  This is illustrated in the figure below.  
Figure 3: Morbidity as a Proxy for Need
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17. Figure 3 illustrates a couple of alternative example possibilities (the dashed lines) for the estimated relationship between morbidity and ION which could arise using the SHeS data.  The spline functions are then tested against that benchmark, rather than the assumed linear relationship represented by the solid line.  
3. NRAC findings and adjustment for unmet need:

18. Earlier analysis using the Arbuthott index (McConnachie and Sutton, 2004) had found evidence of shortfall effects in deprived areas for circulatory, cancer and respiratory; shortfall in affluent areas for cancer and respiratory; excess utilisation in deprived areas for digestive; and, excess utilisation for circulatory in affluent areas.  
19. Extensive analysis for the NRAC using all of the above techniques and covering potential unmet need arising from deprivation, rurality and ethnicity, concluded that there was only sufficient evidence for unmet need in deprived areas in the case of circulatory disease.  The lack of evidence for unmet need was attributed, in part, to  improvements in service delivery and the more detailed activity and geographical data which was then available. 
20. The NRAC formula therefore incorporates an unmet need adjustment only for the circulatory diagnostic group.  The adjustment uses the shortfall approach: specifically the parameters for the relationship between activity and the ION are estimated using the 75% less deprived data zones and, for the predicted need, that relationship is assumed to hold across the entire set of data zones.  This is illustrated in Figure 3 by linear function described by the dashed lines connected to the solid line between the cut-off points. 
4. Robertson Centre for Biostatistics (RCB) Report for NHS GG&C
21. In 2010 NHS Greater Glasgow & Clyde (NHS GG&C) decided to commission research from the RCB to review the MLC indices of the NRAC formula.  The substantial body of work, undertaken by the RCB, to explore and assess the various aspects of the formula was written up in Barry, S. and McConnachie, A. (2013) ‘GG&C NRAC: Final Report’.  

22. The RCB research project considered the adjustment for unmet need.   It did not undertake any new analysis of the existence of extent of unmet need or of the extent to which the NRAC correction for unmet need was appropriate or sufficient.  However, they did make an assessment of the potential effect on the board target shares of extending the NRAC unmet need adjustment to all the diagnostic groups.  
23. They found that if the adjustment described above in para. 20 above were applied across all diagnostic groups (except injuries; and with a quadratic function for maternity) it would increase the target share of NHS GG&C by 0.1 percentage points.  
5. Analysis of Unmet Need for the Resource Allocation Formula in England

24. This section reports the most recent relevant published research on unmet need for the health allocation formula in England.  Further research into unmet need is being undertaken at present, but it is not clear if that will report in time to be considered by the AMLC sub-group.  

25. It is important to note that there are differences between the formula used in England and the NRAC formula.  In particular in England there is a specific objective relating to health inequalities - the resource allocation committee is mandated to develop a formula which:

· Ensures equal opportunity of access to health care for people of equal risk; and, 

· Contributes to the reduction in avoidable health inequalities.

26. The second (inequalities) objective has been pursued through the allocation of a proportion of health funding on the basis of relative health-related outcomes.  The current - interim - approach relies on disability free life expectancy as the measure of health inequalities.  The measure is applied by comparing individual PCT performance to the best performing PCT (i.e. the one with the highest disability free life expectancy).  
i) Counter-intuitive signs:

27. A number of variables are included in the regression of utilisation on ION to control for the influence of other factors such as the availability of health services (the supply variables) and factors associated with health boards per se, rather than the data zone characteristics (the health board dummy variables).  In this technique a variable or variables are added which might be expected to have a positive relationship (or at least not a negative relationship) with utilisation, such as markers for non-white ethnicity or employment deprivation.  If those variables are found to have a negative (i.e. counter-intuitive) sign this can be interpreted as a measure of unmet need.  The rational would be that the negative sign is suggesting that utilisation is lower, all else equal, in the presence of higher levels of non-white ethnicity or employment: whereas our a priori expectation would be that it should either be the same or higher.  
28. The way in which the technique would be implemented would be simply to include these variables in the regressions to establish the size of the coefficients for the relationship between utilisation and ION, but not include them when estimating the predicted values for the allocations.  That is, use them in the same way as the supply control variables.  
ii) Variations between PCT
29. This technique is similar to the health board variation analysis (see para. 7 above) in that it seeks to identify the PCTs within which the allocation of resources across data zones is responsive to the needs of high-need population groups.  The regression coefficients may then be estimated on the sub-set of PCT which are held to be more responsive to high-need populations, but then applied across the formula. 
30. The approach taken to identifying the responsive PCT marked a departure from earlier work which used the allocation of resources as the basis for assessing responsiveness.  In this analysis criteria were derived using competency levels from the World Class Commissioning Framework, which were then used to identify the responsive PCT.  
iii) Differences in Input Quantities:

31. This approach considers the suitability of the use of the national unit costs to cost activity and, in particular, whether it allows for the differential cost of treating in patients from different socio-economic environments.  In the time frame of the research project it was not possible to apply local HRG costs and so an attempt was made to explore this issue using length of stay as a proxy.
iii) Funding and health outcomes:
32. This strand of the research attempted to assess the impact of variations in health funding on health outcomes.  Due to the endogeneity between health outcomes and funding the study used instrumental variables techniques in a series of regression models.  A large number of models were used to explore the magnitude of the effect of funding on outcomes and, despite, variation in the size of the effects across models, time periods and health measures, the qualitative findings were robust.  
6. Determinants of unmet need:
33. The NRAC analysis does not address the determinants of unmet need in the acute sector.  However, the appropriate policy response may depend on the specific reasons which give rise to unmet need.  The determinants might be broadly characterised as demand or supply side effects, that is arising from the characteristics of the patient population in that socio-economic environment or from the capacity and location of the service infrastructure (though there may be interaction between these two categories).
34. A better understanding of the underlying drivers of unmet need, to the extent that we find evidence for it in the acute sector, would help inform the decisions about how best to tackle it.  For example, whether the NRAC formula or the SAF formula would be better vehicles for this purpose, or whether specific targeted measures might be more appropriate.  
7. Questions:

•
What other research is relevant to this issue and should be taken into account;

•
What priority should be given to these alternative approaches to assessing the extent of unmet need;

•
How relevant is the question of the determinants of unmet need and the issue of the optimal policy response;

•
If relevant, what research is available to inform our work?
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� This section draws on NRAC Technical Report D ‘Review of the Resource Allocation Adjustment for Healthcare Needs Due to Morbidity and Life Circumstances and Other Factors (and Addendum to Technical Report D) and McConnachie and Sutton (2004) ‘Derivation of an Adjustment to the Arbuthnott Formula for Socio-economic Inequities in Health Care’.


� This section is based on on Morris, S. et al (2010) ‘Research on the Health Inequalities Elements of the NHS Weighted Capitation Formula’.  
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