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Aim of this paper

The NRAC formula aims to allocate funds on a fair and equitable basis between the territorial NHS boards by determining health care need for each population characteristics within a geographical area.  The current focus is on adjusting hospital activity for the Mental Health & Learning Difficulties Programme for morbidity and life circumstances (MLC), which includes numbers of episodes, bed days and new outpatient appointments.  The aim is to identify the indicators that are required to predict hospital activity after taking into account the age/sex profile of a neighbourhood.  These indicators are influenced by deprivation, geography, service availability and other factors.  The hospital activity which needs to be predicted is expressed as cost ratio – actual activity summed up with national average costs as weights divided by expected costs, where the expected costs are derived from costs per head by age and sex. Using linear regression, this cost ratio will be predicted.
Since the first meeting of the TAGRA MLC subgroup in June work has been undertaken to identify new indicators for the MLC adjustment for the Mental Health & Learning Difficulties programme. The aim of this paper is to report on the findings and identify potential future work. The analyses focussed on the following:
· cost ratios from 2007/08, 2008/09 and 2009/10 combined

· population aged under 65 

· geography at datazone level
Technical Challenges

The data used in the analyses is from hospital activity where there is national recording.  A significant amount of activity is given in non hospital settings where national recording is limited.  There may be a risk of bias using hospital data where there is variation between neighbourhoods in the range of community care services available.

Another difficulty is to determine true need based on utilisation information as there is a risk of bias due to supply as reported in TMLC06.  Other datasets could be used as proxies for need to better estimate effects of supply. New datasets will have their biases; also, one needs to be aware of the danger of corrupting the integrity of datasets if they are used for budget allocation. 
QOF data can be used to obtain crude prevalence rates by GP practice – not by datazone.  The prevalence rates cannot be age/sex standardised, but it covers 98% of the Scottish population and is generally accepted as proxies for prevalence.  

Prescribing data is available on datazone level.  Prescribing data for patients receiving at least one drug within specific BNF chapters relating to mental health drugs are available. This data could create age/sex standardised prevalence rates. This will not include information on patients with learning difficulties. 

Another data set which could be explored is Substance Misuse Data held by ISD.  Drug misuse data are available from hospital admissions and community drug services, alcohol data are available from hospital admissions. In 2009/10 there were 10,325 new individuals reported to the Scottish Drug Misuse Database, and 5,705 general acute hospital discharges with a diagnosis of drug misuse. In the same year the number of alcohol-related discharges in Scotland amounted to 39,278.
In all three cases, resources would be required to explore the potential of these data sources and whether they would be useful to the model.

Reference Model: derived from current model

The current model is based on intermediate geographies, combines all ages and is based on one year of utilisation data. The index is comprised of 
· % social rented housing (census 2001)

· % people in one person households (census 2001)

· % claiming severe disability allowance (discontinued)
The goodness of fit, measured as adjusted R2, is 46.4%, the added explanatory power of the needs index is 23.6%. One criticism of intermediate geographies is that they might not adequately reflect pockets of deprivation. For this reason the first part of the analysis is done on datazone level. As regression on smaller areas very likely produces a worse fit, we cannot compare our results with the fit of the current model. Thus, we need to create a reference model reflecting both the current model and the differences in the choices of geography, age restriction and time span.
The reference model uses more up to date data, using 3 years of utilisation data instead of one year, population and activity restricted to age under 65 and the geography changed to datazone. The indices used were similar to the current model and contained
· % social rented housing (census 2001) 
· % receiving single adult discount (average 2007-2009)
· % claiming benefits (average 2007-2009) including severe disability allowance, income benefit and employment and support allowance
The current model uses log-transformed cost ratios, as does the reference model.  Measures of inpatient access and outpatient access as well as health board dummies are used to model supply effects.
The new models

All considered models share the same structure: they contain an index set which is interpreted as creating activity based on need, and they contain a supply set which is interpreted as creating activity based on available services. Indices comprise measures of deprivation as defined in the Scottish Index of Multiple Deprivation (SIMD) and an urban/rural marker. The supply sets all contain health board dummies to account for differences in service delivery across NHS Boards. Details of indices are given in Annex F.
The index options are:
Index set 1: overall deprivation; urban/rural marker
Index set 2: Individual components of deprivation; urban/rural marker; standardized mortality ratios for ages 0-64 with mental health as cause of death as average for 2007-2009; job seeker’s allowance rates for 2007-2009
The supply options are:

Supply set 1: inpatient access; outpatient access; health board dummies
Supply set 2: access deprivation; health board dummies
This gives 4 models:
Model 11: index set 1 with supply set 1

Model 12: index set 1 with supply set 2

Model 21: index set 2 with supply set 1

Model 22: index set 2 (without access deprivation) with supply set 2
Each of the models has 3 sub models using

· cost ratios 
· square root transformed cost ratios 
· log transformed cost ratios 
The purpose of supply set 2 is to estimate whether it is worthwhile trying to extract a needs index based on deprivation components and a few other indices rather than simply using overall deprivation. As overall deprivation contains access deprivation, it is included in index set 2 for initial investigations. In Model 22 access deprivation had to be removed from the index set as it was already contained in the supply set.

As there are some concerns that the log transformed models are appropriate (see Annex H), a “log-log” model has been created in addition to the above models. It uses log transformed deprivation scores (SIMD) with the two fold urban/rural marker as index set, log transformed access deprivation and health board dummies as supply set, and log transformed cost ratios as predicted variable (response variable).
The usage of SIMD scores and their sub domains as indices is discussed in Annex G. Other indices like alcohol and drugs were briefly considered, but not yet pursued (see Annex F).
Preliminary results
In terms of best fit and normality assumptions the log transformed models work best (see Annexes A and C).  However, as can be seen in Annex C, the residuals of the most deprived neighbourhoods are all negative, meaning that the model predicts much higher activity than the actual activity. It is not clear whether the magnitude is credible. More on transformations is discussed in Annex H. Also, all square root and log transformed models exceed the adjusted R2 values for the reference model (best value 35%, reference model 25%), while the untransformed models stay below (worst value 16%, best value 20% - see Annex A).
As expected, the models with components of deprivation as needs indices (index set 2) perform better than the models just using overall deprivation. However, their performance is not much better, and the question arises whether one should spend time at all in trying to select a smaller subset instead of simply considering the overall deprivation as needs index.
In terms of supply it seems that for rural areas the accessibility of a GP practice might be considered (see Annex I, Figure I7), although access deprivation shows the highest negative correlation to the cost ratios (see Annex I, Table I1 to Table I3; components of access deprivation can be found in Annex E). For urban areas the accessibility of a GP practice does not seem to be a credible measure of supply, as most datazones have a driving time of at most 4 min to the nearest GP practice. Like rural areas, access deprivation shows the highest negative correlation to the cost ratios within urban areas. It still remains to be decided how much of this correlation is due to supply structures only. Also, the impact of the inclusion of access deprivation within overall deprivation on supply is not yet clear.
Recommendations for discussions

TAGRA MLC subgroup is asked to discuss whether 
· To examine the possibility of using other data sets as proxy for need;
· To explore other indices or to focus on the examined indices;
· To drop the current log transformations;

· To explore further sources for measuring supply  (see Annex I for details);
· To treat urban and rural areas separately in the model (see Annexes A, B and I for details).
Health Finance Information Team

Information Services Division (ISD)

October 2011
Annex A
The table below displays the goodness of fit for various models, expressed as adjusted R2. The adjusted R2 is measured on a scale from 0 to 1, where 0 stands for no fit and 1 stands for perfect fit. The first column (adjusted R2) refers to the overall fit of the model, the second column (added explanatory power) refers to the contribution of index variables above health board and supply variables to the goodness of fit. 
Sets of indices and supply which are considered for various models are defined as follows. Note that deprivation refers to definitions of the Scottish Index of Multiple Deprivation (SIMD).
Index set 1: SIMD score 2009, two fold urban/rural marker

Index set 2: SIMD scores 2009 for the domains health, employment, access, crime, income, education, housing; standardized mortality ratios for ages 0-64 with mental health as cause of death as average for 2007-2009; job seeker’s allowance rates as average of z-scores for 2007-2009, two fold urban/rural marker

Supply set 1: ipacx (measure of inpatient access); opacx (measure of outpatient access); health board dummies

Supply set 2: SIMD score 2009 for access; health board dummies

In the table below “Model XY” stands for the model with index set X and supply set Y. The last model in the table (“log-log” model) uses log transformed cost ratios, log transformed SIMD scores and log transformed SIMD access scores.
Table A1 – Goodness of fit of SIMD models against reference model
	model
	Scotland
	urban areas
	rural areas

	 
	adjusted R2
	added explanatory power
	adjusted R2
	added explanatory power
	adjusted R2
	added explanatory power

	reference
	0.2499
	0.1857
	0.2646
	0.2076
	0.1295
	0.0632

	
	
	
	
	
	
	

	model 11, no transformation
	0.1635
	0.1129
	0.1699
	0.1199
	0.0472
	0.031

	model 11, square root
	0.2613
	0.1936
	0.2689
	0.2064
	0.1092
	0.063

	model 11, log 
	0.2893
	0.2251
	0.3055
	0.2485
	0.1487
	0.0824

	model 12, no transformation
	0.1637
	0.098
	0.1689
	0.1078
	0.053
	0.0259

	model 12, square root
	0.268
	0.1643
	0.2726
	0.1817
	0.1318
	0.0487

	model 12, log 
	0.3044
	0.1898
	0.3166
	0.2151
	0.1794
	0.0632

	model 21, no transformation
	0.2041
	0.1535
	0.2069
	0.1569
	0.1235
	0.1073

	model 21, square root
	0.3096
	0.2419
	0.3153
	0.2528
	0.1734
	0.1272

	model 21, log 
	0.3487
	0.2845
	0.3644
	0.3074
	0.2125
	0.1462

	model 22, no transformation
	0.2017
	0.136
	0.2042
	0.1133
	0.1244
	0.0973

	model 22, square root
	0.3063
	0.2026
	0.3115
	0.21
	0.1738
	0.0907

	model 22, log 
	0.345
	0.2304
	0.3598
	0.2691
	0.2123
	0.0961

	log-log model
	0.3313
	0.2237
	0.3488
	0.2581
	0.1889
	0.0815


For all models from Table A1 the values for the unadjusted R2 are very close to the values for the adjusted R2 – the difference always being less than 1.5%. This means that for Index set 2 we cannot hope to achieve a much better fit (as measured with the adjusted R2) in removing index variables.
The next table shows values for the adjusted R2 for models using age/sex standardized rates of alcohol and of drug related hospital episodes as indicators.
Index set 3: rate of alcohol related hospital episodes, rate of drug related episodes, two fold urban/rural marker

Supply set 1: ipacx (measure of inpatient access); opacx (measure of outpatient access); health board dummies

Supply set 2: SIMD score 2009 for access; health board dummies

Model 31 uses index set 3 and support set 1, while Model 32 uses index set 3 and supply set 2.

Table A2 – Goodness of fit of alcohol and drug models against reference model
	model
	Scotland
	urban areas
	rural areas

	 
	adjusted R2
	added explanatory power
	adjusted R2
	added explanatory power
	adjusted R2
	added explanatory power

	reference
	0.2499
	0.1857
	0.2646
	0.2076
	0.1295
	0.0632

	 
	 
	 
	
	 
	
	 

	model 31, no transformation
	0.1411
	0.0905
	0.147
	0.097
	0.0328
	0.0166

	model 31, square root
	0.2195
	0.1518
	0.2232
	0.1607
	0.0918
	0.0456

	model 31, log 
	0.2348
	0.1706
	0.2428
	0.1858
	0.1265
	0.0602

	model 32, no transformation
	0.1399
	0.0742
	0.146
	0.0551
	0.0355
	0.0084

	model 32, square root
	0.2229
	0.1192
	0.2271
	0.1256
	0.1033
	0.0202

	model 32, log 
	0.2451
	0.1305
	0.254
	0.1633
	0.1424
	0.0262


Annex B

The following tables and figures show more information on the drug and alcohol model. 

Table B1- correlations of indices with cost ratios by transformation method and area

	transformation of cost ratios
	area
	alcohol
	drugs
	deprivation

	no transformation
	Scotland
	0.33
	0.26
	0.38

	no transformation
	urban
	0.35
	0.26
	0.39

	no transformation
	rural
	0.15
	0.12
	0.23

	square root transformation
	Scotland
	0.41
	0.31
	0.48

	square root transformation
	urban
	0.42
	0.31
	0.49

	square root transformation
	rural
	0.21
	0.17
	0.29

	log transformation
	Scotland
	0.42
	0.31
	0.50

	log transformation
	urban
	0.44
	0.32
	0.52

	log transformation
	rural
	0.23
	0.17
	0.30


Table B2 – correlations of indices by area

	 
	Scotland
	urban
	rural

	 
	deprivation
	deprivation
	deprivation

	alcohol (Scotland/urban/rural)
	0.7588
	0.77
	0.6255

	drugs (Scotland/urban/rural)
	0.5979
	0.5948
	0.4375


Figure B1 – plot of deprivation versus cost ratios, rural areas, ratios restricted to <5
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Figure B2 – plot of alcohol episodes versus cost ratios, rural areas, ratios restricted to <5
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Annex C
The following plots show residuals versus fitted values, where the residual is simply the difference between the actual value and the fitted value.  As all models show a similar pattern, we only show plots from model 12: SIMD score as needs index; SIMD access score and health board dummies as supply variables. We have 6505 datazones, which cannot be displayed without overlapping. Thus, one should not read too much into the pictures. Still, it is quite useful to concentrate on residuals for high fitted values.
Figure C1 - Model 12, no transformation, Scotland, residuals versus fitted values
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Figure C2 – Model 12, square root transformation, Scotland, residuals versus fitted values
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Figure C3 – Model 12, log transformation, Scotland, residuals versus fitted values
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As alternative to the log transformed Model 12 we also display the log-log Model, where the needs index is the log-transformed SIMD score, the supply variables are the log-transformed SIMD access score and health board dummies, and the cost ratios are log-transformed, too.
Figure C4 – log-log model, Scotland, residuals versus fitted values
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Annex D
The following plots show the normal probability plots of the residuals for all three variants of Model 12 and for the log-log model (see Annex A for definitions).
The closer the plot resembles a straight line, the more reliable the computed standard errors and confidence intervals are.
Figure D1 – Model 12, no transformation, normal probability plot, residuals
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Figure D2 – Model 12, square root transformation, normal probability plot, residuals
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Figure D3 – Model 12, log transformation, normal probability plot, residuals
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Figure D4 – log-log Model, normal probability plot, residuals
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Annex E 
The following table shows correlation coefficients of all the considered variables for the SIMD models.

Table E1 – correlations of variables

	Mental Health & Leaning Difficulties correlations
	cost ratio
	square root cost ratio
	log cost ratio
	SIMD score
	SIMD access score
	SIMD crime score
	SIMD employ-ment score
	SIMD health score
	SIMD income score
	SIMD educa-tion score
	SIMD housing score
	mortality ratio Mental Health, ages <65
	job seekers' allow-ance
	ipacx (in-patient supply)
	opacx (out-patient supply)

	cost ratio
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	square root cost ratio
	0.92
	1
	
	
	
	
	
	
	
	
	
	
	
	
	 

	log cost ratio
	0.74
	0.93
	1
	
	
	
	
	
	
	
	
	
	
	
	 

	SIMD score
	0.38
	0.48
	0.50
	1
	
	
	
	
	
	
	
	
	
	
	 

	SIMD access score
	-0.15
	-0.21
	-0.24
	-0.21
	1
	
	
	
	
	
	
	
	
	
	 

	SIMD crime score
	0.24
	0.30
	0.32
	0.49
	-0.31
	1
	
	
	
	
	
	
	
	
	 

	SIMD employment score
	0.41
	0.50
	0.52
	0.97
	-0.29
	0.47
	1
	
	
	
	
	
	
	
	 

	SIMD health score
	0.36
	0.47
	0.52
	0.89
	-0.32
	0.47
	0.89
	1
	
	
	
	
	
	
	 

	SIMD income score
	0.37
	0.47
	0.50
	0.98
	-0.29
	0.46
	0.94
	0.88
	1
	
	
	
	
	
	 

	SIMD education score
	0.28
	0.39
	0.45
	0.86
	-0.27
	0.42
	0.83
	0.84
	0.85
	1
	
	
	
	
	 

	SIMD housing score
	0.26
	0.34
	0.37
	0.59
	-0.31
	0.36
	0.54
	0.55
	0.59
	0.59
	1
	
	
	
	 

	mortality ratio Mental Health, ages <65
	0.24
	0.29
	0.30
	0.49
	-0.18
	0.32
	0.49
	0.46
	0.47
	0.40
	0.33
	1
	
	
	 

	job seekers' allowance
	0.35
	0.44
	0.46
	0.90
	-0.27
	0.48
	0.91
	0.79
	0.89
	0.78
	0.50
	0.47
	1
	
	 

	ipacx (inpatient supply)
	0.14
	0.16
	0.13
	0.25
	-0.46
	0.17
	0.25
	0.25
	0.27
	0.17
	0.51
	0.15
	0.21
	1
	 

	opacx (outpatient supply)
	0.14
	0.16
	0.13
	0.24
	-0.46
	0.17
	0.24
	0.24
	0.26
	0.17
	0.52
	0.14
	0.21
	1.00
	1


The following table shows correlations of alcohol and drug related episodes and supply variables. A high value for ipacx or opacx means that a neighbourhood has good access, while a high score for SIMD access means the opposite (composed of driving times to key facilities – GP practice, school, chemist, post office, petrol station, shopping). Note that for rural areas the alcohol related episodes are negatively correlated to ipacx and opacx – meaning that the further away you are from hospital, the more episodes you might create. On the other hand, it is also negatively correlated to the SIMD access score – meaning that the further away you are from key facilities, the fewer episodes you create. It is not clear how to reconcile these two statements. The SIMD access score has a correlation of about 0.7 to GP driving times – rural neighbourhoods with high Mental Health activity might be those who have an easy access to a GP, but are still further away from hospitals.
Table E2 – correlations of selected variables with supply variables

	supply variable
	Area
	drug related episodes
	alcohol related episodes
	SIMD score

	ipacx
	Scotland
	0.1466
	0.2347
	0.2459

	opacx
	Scotland
	0.1457
	0.2279
	0.2394

	simdaccess_score
	Scotland
	-0.1983
	-0.2525
	-0.2137

	ipacx
	urban
	0.0745
	0.2182
	0.1937

	opacx
	urban
	0.0731
	0.2096
	0.1856

	simdaccess_score
	urban
	-0.1213
	-0.2148
	-0.1686

	ipacx
	rural
	0.0814
	-0.1265
	0.0251

	opacx
	rural
	0.084
	-0.1298
	0.0233

	simdaccess_score
	rural
	-0.2737
	-0.2773
	-0.1362


Annex F – Indicators

The following sets of indicators were considered:

· SIMD scores 2009; twofold urban/rural marker (Scottish Government Urban Rural Category 2009; twofold)
· SIMD scores 2009 for the domains health, employment, access, crime, income, education, housing; standardized mortality ratios for ages 0-64 with mental health as cause of death as average for 2007-2009; job seeker’s allowance rates as average of z-scores for 2007-2009, twofold urban/rural marker (Scottish Government Urban Rural Category 2009; twofold)
The following sets of indicators were briefly considered and not pursued further:

· Age/sex standardized rate of drug related hospital episodes and of alcohol related hospital episodes; twofold urban/rural marker

This set is currently not further pursued for three reasons: Firstly, this model has a roughly comparable, though slightly worse goodness of fit (in terms of adjusted R2) than the SIMD models (see Annex A). Secondly, this set of indices has the disadvantage that it needs to be properly assessed whether perverse incentives might be created. And thirdly, these episodes are part of the SIMD score, thus recognized there. However, as can be seen in Annex E, Table E2, the alcohol related episodes show some surprising correlations when restricted to rural areas, and it is not clear how to interpret this.
· Acute index, consisting of limiting long term illness and standardized mortality ratio of ages <75

The usage of this index has the advantage of simplifying the overall MLC models, as less separate indices for different care programmes are used. However, an MLC review of the Acute Programme might lead to a new acute index, and it is not clear whether a new acute index would perform well for the Mental Health & Learning Difficulties Programme as well. Moreover, in their initial work on needs indices TRIBAL SECTA examined and dismissed the acute index as the fit was not good (see Technical Report D, page 52; available at http://www.nrac.scot.nhs.uk/research.htm). As we have restricted our data currently to ages under 65, things might change. As resources are constraint, and as in addition one of the acute index components (limiting long term illness) is based on 2001 census data, this option has not been pursued so far.
Other sources of indices might be explored as well, such as the substance misuse register. An examination would mean longer timescales for delivery of the work. At this stage it needs to be weighed whether possible benefits make this worthwhile – whether one can expect to have a better fit than the current preliminary results.

Annex G - Discussion of the Scottish Index of Multiple Deprivation as index for health care need

The Scottish Index of Multiple Deprivation consists of 7 Domains with the following weights:

Table G1 – SIMD components

	SIMD 2009 Domains
	overall weight in %

	Income
	28

	Employment
	28

	Health
	14

	Education
	14

	Housing
	2

	Access
	9

	Crime
	5


Each domain is given a separate score. When looking at the correlation between the overall SIMD score and the separate domain scores (see Annex E, Table E1), one can see that the access domain is the only one which shows a negative correlation (-0.214), while all other domains show a positive correlation in the range of 0.48 to 0.97.

This poses the question how far support effects are already accounted for within the overall SIMD score – whether one should consider dropping explicit support variables. We have not yet undertaken any analysis on this, but we aim to address this question at some point later.

One concern about using SIMD is that over time its definition might change. This is happened but so far changes have not been dramatic. Also, whenever there was a change in definition, it was done in order to improve measuring deprivation which may benefit the regression model as well. Lastly, let us recall that the current review was made necessary because one of the chosen indicators (the benefit of severe disability allowance) is discontinued. The same might happen to some census indicators in the future. There are lots of things we cannot foresee; we believe that if we can expect a reasonable stability and availability of data within the next ten to fifteen years, then this should be good enough. 

The second set of indicators comprises all SIMD domain scores, together with mortality ratios and data on job seeker’s allowance. The latter two components are already somewhat accounted for in some of the domain scores. However we have added them as the data was readily available. If there is a wish to rather consider the second set of indicators instead of the overall SIMD score, some analysis will follow in order to reduce the set of indicators.

One advantage of using the overall SIMD score as single indicator is simplicity – only one index has to be updated, and implications of change in the overall SIMD score to budget allocations are immediate. Also, there might be the chance that the overall SIMD score might also work for other care programmes. The disadvantage is that the SIMD score also contains an access component, and the implications of this fact have to be examined.

Annex H - Discussion: transformations of the cost ratios

The current model uses log transformed cost ratios in order to predict health care need. The reason for this is described in Technical Report D, page 52 (available at http://www.nrac.scot.nhs.uk/research.htm): a good model explaining some of the variations was simply not found with the data at hand, only log transformed data improved the explanatory power considerably and overall goodness of fit. The data is different from the original research in several ways as it aggregates all Mental Health and Learning Difficulty data, and is restricted to the 0-64 years old. Thus, it makes sense to revisit the question of transformation.

For each model three variations were examined: no transformation of the cost ratios, square root transformation and log transformation. The explanatory power increases with the strength of the transformation. While there is some difference between the models of the untransformed and the square root transformed cost ratios of around 0.08 on average, the difference between the square root and log transformations are smaller with around 0.03. While these values also broadly apply for urban areas, within rural areas the differences are even much smaller. Thus, if our decision was solely based on the adjusted R2, there does not seem to be any justification any more for applying the rather strong log transformation. The overall benefits of a square root transformation are still unclear, given that a gain in explanatory power here might be offset by the fact that after all we have this gain in a transformed world, and not the “real” world.

Annex C displays plots of residuals versus fitted values, where residuals are simply the difference between the actual cost ratios and fitted values. Note that the fitted values also contain effects from health board and supply variables. As there are 6505 datazones within Scotland, one cannot read too much into the plots as points overlap. However, it becomes clear that the log transformation is indeed too strong. It is quite striking that the vast majority of residuals for values with high SIMD score (which are all urban areas) are negative. This would only be acceptable if we believed in unmet need of a certain magnitude. If, for example, proportionately more activity takes place in a community setting for more deprived areas than for less deprived areas, one might consider the log transformation again. However, as long as we cannot explain and quantify unmet need, we strongly recommend dropping the log transformed model.

As an alternative a log-log model was considered, i.e. both the cost ratios and the indicators are transformed. As a quick check we have transformed the SIMD score and the SIMD access score with the logarithm and run a regression analysis. Values for the goodness of fit (adjusted R2) and a plot of residuals versus fitted values can be found in Annexes A and B. This kind of transformation indeed seems to perform better on the most deprived areas, meaning that positive and negative residuals are more evenly spread out. As the overall added explanatory power of the indices is comparable to the square root transformed model, there does not seem to be a huge benefit in considering this model. However, as we can see in Annex D, the residuals of the log-log model resemble more a normal distribution than the square root or even the not transformed Model 12. A normal distribution here is more desirable as it makes the analysis on errors and confidence intervals more reliable. While this is certainly very useful, it is not the most important aspect of modelling.

Annex I
The following graphs show relationship of supply variables with each other and with Mental Health and Learning Difficulties cost ratios.
Figure I1 – relationship of inpatient supply and cost ratios, urban areas (part of current model)
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Figure I2 – relationship of inpatient supply and cost ratios, rural areas (part of current model)
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Figure I3 - relationship of access deprivation and cost ratios, urban areas
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Figure I4 – relationship of access deprivation and cost ratios, rural areas
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Figure I5 – relationship of driving time to a GP practice and cost ratios, urban areas
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Figure I6 – relationship of driving time to a GP practice and cost ratios, rural areas
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Figure I7 – relationship of driving time to a GP practice (restricted to <20min) and cost ratios (restricted to <6), rural areas
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Table I1 – correlations with cost ratios for Mental Health & Learning Difficulties, ages 0-64

	 
	Scotland
	urban
	rural

	Drive time GP
	-0.09
	-0.03
	-0.09

	access deprivation
	-0.15
	-0.10
	-0.13

	inpatient access
	0.14
	0.10
	0.04

	outpatient access
	0.14
	0.10
	0.05


Table I2 - correlations with square root transformed cost ratios for Mental Health & Learning Difficulties, ages 0-64

	 
	Scotland
	urban
	rural

	Drive time GP
	-0.13
	-0.06
	-0.14

	access deprivation
	-0.21
	-0.16
	-0.20

	inpatient access
	0.16
	0.11
	0.03

	outpatient access
	0.16
	0.11
	0.03


Table I3- correlations with log transformed cost ratios for Mental Health & Learning Difficulties, ages 0-64

	 
	Scotland
	urban
	rural

	Drive time GP
	-0.14
	-0.09
	-0.16

	access deprivation
	-0.24
	-0.20
	-0.23

	inpatient access
	0.13
	0.08
	0.01

	outpatient access
	0.13
	0.08
	0.01


Annex J – TAGRA Core Criteria

	Equity
	The primary consideration should be to achieve the greatest possible accuracy in capturing the cost implications of variations in need across the country, in order to develop a formula that delivers the greatest possible equity of access to health services.

	Practicality
	Use should be made of good-quality, routinely-collected data, in order to produce an administratively feasible formula that can be readily updated.

	Transparency
	The rationale informing the formula’s methodology should be explicable and any judgements should be made explicit, although this should not lead to over-simplification of details which might add precision to the methods.

	Objectivity
	The formula should as far as possible be evidence-based, using as necessary the full range of available robust data. 

	Avoiding perverse incentives
	The formula should guard against perverse incentives and any negative consequences which might threaten the integrity of the data.

	Relevance
	There is a need to avoid the dangers of extrapolation and to make explicit where hard information is being used about one aspect of a service to make some assumption about an area where information is less good or absent.

	Stability
	There should be a reasonable degree of year-to-year stability in the data sources feeding in to the formula.

	Responsiveness
	The formula should result in shifts in the allocation of resources in response to changes in the need for healthcare services.

	Face validity
	The outcome of any changes to the formula should be subjected to a 'common-sense' check.
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