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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.
This paper presents further results on the age group <65s, complementing Paper TMLC08 which was presented at the last subgroup meeting in November.
Choice of Needs Indices
In paper TMLC08 two choices of needs indices were presented: firstly, the overall Scottish Index of Multiple Deprivation (SIMD), and secondly, a set of indices comprising all components of the SIMD plus data on mortality and unemployment. As the second set of indices contains additional data to that in the first index, the overall fit is (unsurprisingly) a little better. Also, in rural areas the second model seems to perform somewhat better. 
Further analysis revealed that the better performance in rural areas comes from the fact that the second model allows for different impacts of employment deprivation and income deprivation. While it predicts an increase of Mental Health utilization with rising employment deprivation, it predicts a decrease with rising income deprivation. Thus, in this model the income deprivation index serves as a correction for the impact of the employment deprivation. Regression on separate parts of Scotland revealed further that this pattern is not uniform: For remote small towns and for remote rural areas positive signs are obtained for both employment and income deprivation. As a result, the second set of indices cannot be considered further. 
However, regression on employment deprivation alone performs equally well than regression on the overall SIMD index and can be considered as a needs index.
Thus, we recommend choosing the needs index amongst the following: overall deprivation (SIMD), employment deprivation, or the updated mental health index.

More details on components of indices and analysis can be found in Annex A.

Transformations
The current model aims to predict log transformed cost ratios instead of the plain cost ratios. As the data restricted for the under 65s might look different, it makes sense to examine whether the log transformation should be upheld or dropped.
Although the goodness of fit looks higher after log transformations, this is not the case any more when the predicted values are mapped back into the “real world”. Moreover, there is the more general concern that the interpretation of a predicted value after mapping back is not clear. 
Thus, we recommend strongly dropping the log transformation for the data at hand. More details can be found in Annex B.
Urban rural markers
In order to better capture differences between urban and rural areas it was considered to add a fourfold marker for rurality (urban/accessible rural/remote small towns/remote rural). However, as can be seen in Annex C, adding those markers does not improve the fit – neither Scotland wide nor within rural areas. Moreover, their impact on the slope of the needs index is quite small.
Thus, the models under consideration should not contain urban/rural markers.

Variables of Access
Similar to urban rural markers the supply variables inpatient access (all health programmes) and outpatient access (all health programmes) have a very modest impact (see Annex C). It needs to be discussed by the subgroup whether these are simply not the right access variables and whether it is reasonable to drop any access variables for the Mental Health and Learning Difficulties programme. One could think about developing more specific access variables; however this would mean that the whole project would be prolonged. 
Here we don’t have a clear recommendation and a discussion by the subgroup is required. Generally, the use of supply variables provides consistency in the treatment of access across care programmes. On the other hand, the tested supply variables don’t seem to be the right ones, although they don’t appear to be harmful either.
Time Span of Model

In order to decrease the number of geographies with no activity all previous analysis has been carried out using 3 years’ data. When producing values based on one year’s data only one can see that from 2007 to 2009 the slope of the needs index is increasing (see Annex D). While the values for 2008 and 2009 are quite close together (for both datazones and intermediate geographies data), the value for 2007 is around 10% below the level for the year 2009. In recent years there has been a shift of delivering Mental Health & Learning Difficulties services in a community health care setting which could explain this trend. Switching to 3 years’ data would imply a loss of responsiveness. As values for 2008 and 2009 are very close together one can consider a model based on one year’s data for both datazones and intermediate geographies.
We recommend choosing the one year time span as basis for the calculation.
Intermediate Geographies versus Datazones
The data for both datazones and intermediate geographies all agree on tendencies concerning the impact of urban/rural markers, supply variables and the choice of the time span. As expected, the model fit on intermediate geographies is better as there is less noise. The better fit should not be a criterion to choose intermediate geographies over datazones.
The advantage of datazones is that they are more homogeneous. This leads to a clearer picture of the relation of the needs index and health care utilization. Also, all other parts of the NRAC formula are calculated on datazone level. Thus, a change to datazones would fit nicely into the general framework of the formula.
As it seems, for the over 65s the choice of geography has to be the intermediate geography level (see paper TMLC09). A choice for datazones for the under 65s would lead to different geographies for different ages. However, as needs indices are different for different ages, there won’t be a unified model for both ages together anyway.
Thus, we recommend using datazones as basis for the calculation.

More on needs indices

We propose to consider three sets of needs indices – the updated MHLD index in the “reference model”, the overall deprivation score in the “overall SIMD model” and the employment deprivation rate in the “Employment model”. The components of these models can be found in Annex D.
The reference model is the most sensitive model for differentiation between datazones and intermediate geographies. This is due to the fact that the components of the needs index for the reference model are calculated separately on both types of geographies – thus potentially hiding pockets of deprivation within intermediate datazones. The needs indices of both the overall deprivation model and the employment deprivation model are calculated on datazone level and then aggregated with population weight to intermediate geography level.
One component of the index (social rented housing) comes from the 2001 census which is quite old by now. The second of the three components relies on benefits which are subject to frequent changes. Only the third component (single adult discount) is readily updateable and probably not likely to change in terms of eligibility. The strength of this needs index is the fact that mental illness is currently (as of May 2011) the most common reason for people to receive incapacity benefit.
The overall SIMD model bears the chance that this index might be usable for most other health care programmes for the under 65s, leading to a simplified approach on the MLC adjustment. Note that the SIMD index also contains an access component - as well as hospital admission data where there is some impact of access to be expected. Some components of the SIMD index will certainly change over time – however these changes will only be gradual as there will be other components without any changes.
The Employment deprivation index relies on people receiving job seeker’s allowance and a range of benefits similar to those included in the reference model. Of all three proposed models this model is arguably most influenced by political changes. On the other hand, the model fit is best although it is not much better than the other two models. Also, it explains a little more of the accessible rural activity. But here again values are very low. Similar to the reference model the strength of this index is the fact that many people living on incapacity benefits receive this financial help because of mental illness.
Summary and recommendations for discussions

Keeping NRAC’s core criteria in mind (see Annex F), the TAGRA MLC subgroup is asked to discuss our recommendations
· To drop the current log transformations;

· Not to include urban/rural markers;

· To restrict data to one year;

· To select datazones as the small geography unit for calculations.
Also, again with reference to NRAC’s core criteria the TAGRA MLC subgroup is asked to discuss

· Which needs index is to be preferred;
· Whether to include access variables.
Health Finance Information Team
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Annex A
We display the goodness of fit (measured as adjusted R2 – values range from 0 to 1 where 1 denotes a perfect fit and 0 denotes no fit at all) for different models on Scotland level and on different urban/rural regions. All values are calculated for datazones.
We use the following sets of indices:

Index set 1: overall SIMD scores 2009

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; average of z-scores of job seeker’s allowance rates for 2007-2009

Index set 3: SIMD scores 2009 for the domains employment and income

Index set 4: SIMD scores 2009 for the employment domain

We combine the above index sets with the following supply set:

ipacx (measure of inpatient access); opacx (measure of outpatient access); health board dummies

Note: Employment deprivation takes into account people of working age who claim jobseeker’s allowance, receive Incapacity Benefit, Severe Disablement Allowance, or participate in the New Deal programme. 
In the table below “Model X” stands for the model with index set X. 
The linear reference model uses the same supply set, but uses the updated MHLD index (combining information on social rented housing, single adult discount and claiming benefits such as severe disability allowance, income benefit and employment and support allowance). To make numbers comparable, the linear reference model does not aim to predict log transformed utilization, but untransformed utilization.
Table A1 – goodness of fit for different models by rurality; datazones
	model
	Scotland
	urban areas
	accessible rural areas
	remote small towns
	remote rural areas

	 
	Adjus-ted R2
	added explana-tory power
	adjus-ted R2
	added explana-tory power
	Adjus-ted R2
	added explana-tory power
	Adjus-ted R2
	added explana-tory power
	Adjus-ted R2
	added explana-tory power

	linear re-ference model
	0.160
	0.109
	0.166
	0.116
	0.014
	0.010
	0.202
	0.112
	0.040
	0.025

	 
	 
	 
	
	 
	
	 
	
	 
	
	 

	model 1
	0.161
	0.111
	0.170
	0.120
	0.016
	0.012
	0.221
	0.130
	0.016
	0.002

	model 2
	0.204
	0.153
	0.207
	0.157
	0.147
	0.143
	0.242
	0.151
	0.066
	0.051

	model 3
	0.189
	0.138
	0.193
	0.143
	0.118
	0.114
	0.223
	0.133
	0.027
	0.012

	model 4
	0.182
	0.132
	0.189
	0.139
	0.042
	0.038
	0.226
	0.135
	0.029
	0.014


In the next table information on the sign of the slopes for employment deprivation and income deprivation are displayed for model 3.
Table A2 – signs of slopes for needs indices in model 3; datazones
	model 3
	employment deprivation
	income deprivation

	Scotland
	+
	-

	urban areas
	+
	-

	accessible rural areas
	+
	-

	remote small towns
	+
	+

	remote rural areas
	+
	+


The better fit of both model 2 and model 3 in accessible rural areas comes from the fact that income deprivation is allowed to correct the influence of employment deprivation. When the analysis in Table A2 is repeated at the intermediate geography level the results show the same signs of slopes.
Annex B
In order to compare the performance of models with and without log transformations data and plots have been produced for the following two models:

Model 1: overall SIMD scores 2009 as needs index; health board dummies and inpatient/outpatient access as supply variables; prediction of cost ratios without transformation
Model 2: same needs index and supply variables as Model 1; prediction of log transformed cost ratios
The goodness of fit for both models (measured as adjusted R2 – values range from 0 to 1 where 1 denotes a perfect fit and 0 denotes no fit at all) is as follows: Model 1 (linear model) has an adjusted R2 of 0.16, while Model 2 (log model) has an adjusted R2 of 0.29. However, the higher value for Model 2 is on a transformed scale. When mapping back the values of the log model we cannot use the adjusted R2 any more as measure.
The next plots show the mapping of residuals versus fitted values. For Model 2 (log model) two versions of residuals and fitted values are produced: one in the transformed log scale and one in the “real world” (i.e. the log values are mapped back with the exponential function and the difference of this new value to the untransformed actual cost ratio is taken as residual).
Figure B1 – residuals versus fitted values for Model 1 (linear model); datazones

[image: image1]
Figure B2– residuals versus fitted values, log values, Model 2 (log model); datazones

[image: image2]
Figure B3 – residuals versus fitted values, real world, Model 2 (log model); datazones

[image: image3]
Within Model 1 (linear model) outliers happen all over the place. There is an increase in variance as the predicted values grow; however, the values look spread more evenly around the zero line as the values of the log model.

Within Model 2 (log model, Figure B3) after mapping back the log values the majority of neighbourhoods with low predicted health care need are underestimated, while at the high needs end almost all neighbourhoods receive more than they actually consumed. Thus, this model is not fit for the purpose of budget allocations.
Similar pictures can be obtained on intermediate geography level:
Figure B4 – residuals versus fitted values for Model 1 (linear model); intermediate geographies
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Figure B5– residuals versus fitted values, log values, Model 2 (log model); intermediate geographies


[image: image5]
Figure B6– residuals versus fitted values, real world, Model 2 (log model); intermediate geographies
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Annex C

The following figures and data were produced in order to examine the impact of urban/rural markers and inpatient/outpatient supply in different models. Three linear models have been examined:
Linear reference model: needs index composed of information on social rented housing, single adult discount and benefits including severe disability allowance, income benefit and employment and support allowance
Allsimd model: needs index is the overall SIMD scores 2009

Employ model: needs index is the SIMD employment rate 2009 (part of the overall SIMD scores)

All models contain health board dummies. Variations of these models were produced in using or removing additional urban/rural markers as follows:

Urban: settlements of at least 10k people or at least 3k people within 30 min drive to a settlement of at least 10k people.

Accessible rural: settlements of less than 3,000 people and within a 30 minute drive time of a settlement of 10,000 or more.
Remote small towns: settlements of between 3,000 and 10,000 people and with a drive time of over 30 minutes to a settlement of 10,000 or more.

Remote rural: settlements of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.

Moreover, inpatient and outpatient supply variables have been used or removed.

In order to obtain the added explanatory power of needs variables a “noneed” model has been produced which consists of all health board dummies and may also contain urban/rural markers or inpatient and outpatient supply variables.

The data shown below refer to the whole model. For example, if the correlation of fitted value to actual value in accessible rural areas is 0.14, then this is not obtained by running a separate regression on accessible rural areas, but it is the correlation of the fitted Scotland model values restricted to datazones in accessible rural areas.
Table C1
	no urban/rural markers, no inpatient/outpatient supply; datazones 
	 

	 
	
	
	
	
	 

	correlations of fitted values and actual values
	
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.3996
	0.4052
	0.1383
	0.4353
	0.2536

	allsimd
	0.4021
	0.4092
	0.1413
	0.4753
	0.1804

	employ
	0.4267
	0.4317
	0.2138
	0.4778
	0.2172

	noneed
	0.2268
	0.2200
	0.0807
	0.2397
	0.1888

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1082
	0.1158
	0.0126
	0.1320
	0.0287

	allsimd
	0.1102
	0.1190
	0.0135
	0.1685
	-0.0031

	employ
	0.1306
	0.1380
	0.0392
	0.1708
	0.0115

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	-7.03E-10
	0.0117
	-0.0272
	-0.0232
	-0.0830

	allsimd
	-1.29E-10
	0.0288
	-0.1181
	0.0724
	-0.1800

	employ
	-3.20E-10
	0.0193
	-0.0587
	0.0054
	-0.1344


Table C2
	no urban/rural markers, but inpatient/outpatient supply; datazones
	 

	 
	
	
	
	
	 

	correlations of fitted values and actual values
	
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.4020
	0.4084
	0.1401
	0.4249
	0.2547

	allsimd
	0.4042
	0.4121
	0.1397
	0.4688
	0.1793

	employ
	0.4290
	0.4347
	0.2116
	0.4696
	0.2161

	noneed
	0.2298
	0.2214
	0.0752
	0.2518
	0.1920

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1088
	0.1178
	0.0140
	0.1171
	0.0280

	allsimd
	0.1106
	0.1208
	0.0139
	0.1564
	-0.0047

	employ
	0.1312
	0.1399
	0.0391
	0.1571
	0.0098

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	-2.60E-10
	0.0163
	-0.0404
	-0.0492
	-0.1001

	allsimd
	6.74E-11
	0.0303
	-0.1208
	0.0611
	-0.1875

	employ
	1.69E-10
	0.0197
	-0.0573
	-0.0027
	-0.1383


Table C3
	urban/rural markers, inpatient/outpatient supply; datazones
	 

	 
	
	
	
	
	 

	correlations of fitted values and actual values
	
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.4032
	0.4091
	0.1374
	0.4230
	0.2497

	allsimd
	0.4080
	0.4138
	0.1324
	0.4682
	0.1689

	employ
	0.4306
	0.4357
	0.2064
	0.4705
	0.2074

	noneed
	0.2459
	0.2265
	0.0665
	0.2592
	0.1851

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1021
	0.1161
	0.0145
	0.1117
	0.0281

	allsimd
	0.1060
	0.1199
	0.0131
	0.1520
	-0.0057

	employ
	0.1249
	0.1385
	0.0382
	0.1542
	0.0088

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)
	
	 

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	2.53E-10
	4.57E-10
	-3.94E-10
	-5.04E-10
	-6.42E-10

	allsimd
	2.94E-10
	1.84E-10
	1.76E-09
	6.66E-10
	-1.32E-09

	employ
	6.71E-10
	9.16E-10
	-8.08E-11
	-5.05E-10
	-3.06E-10


Table C4
	Different variables of access; no urban/rural markers; datazones

	 
	
	
	
	
	 

	correlations of fitted values and actual values with no supply variables

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.3996
	0.4052
	0.1383
	0.4353
	0.2536

	allsimd
	0.4021
	0.4092
	0.1413
	0.4753
	0.1804

	employ
	0.4267
	0.4317
	0.2138
	0.4778
	0.2172

	noneed
	0.2268
	0.2200
	0.0807
	0.2397
	0.1888

	 
	
	
	
	
	 

	correlations of fitted values and actual values with inpatient/outpatient access as supply variables

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.4020
	0.4084
	0.1401
	0.4249
	0.2547

	allsimd
	0.4042
	0.4121
	0.1397
	0.4688
	0.1793

	employ
	0.4290
	0.4347
	0.2116
	0.4696
	0.2161

	noneed
	0.2298
	0.2214
	0.0752
	0.2518
	0.1920

	 
	
	
	
	
	 

	correlations of fitted values and actual values with drivetime to a GP practice as supply variable

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.4101
	0.4126
	0.1401
	0.4304
	0.2372

	allsimd
	0.4168
	0.4199
	0.1340
	0.4843
	0.2065

	employ
	0.4374
	0.4395
	0.1967
	0.4901
	0.2189

	noneed
	0.2417
	0.2306
	0.0767
	0.2364
	0.2067

	 
	
	
	
	
	 

	correlations of fitted values and actual values with access deprivation as supply variable

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.4101
	0.4127
	0.1405
	0.4305
	0.2336

	allsimd
	0.4186
	0.4205
	0.1275
	0.4814
	0.2323

	employ
	0.4375
	0.4395
	0.1914
	0.4876
	0.2230

	noneed
	0.2619
	0.2465
	0.0673
	0.2381
	0.2657

	 
	
	
	
	
	 

	p values (statistical significance; ideally values should be 0.05 or smaller)

	As the erros terms are heteroskedastic, robust errors have been calculated.

	 
	
	
	
	
	 

	 
	ipacx/opacx (max)
	drivetime GP
	access deprivation
	 

	linear reference
	0.002
	0.671
	0.995
	
	 

	allsimd
	0.002
	0.000
	0.000
	
	 

	employ
	0.001
	0.009
	0.031
	 
	 


Table C5
	Urban/rural  markers; datazones

	 
	
	
	 

	statistical significance (models include inpatient/outpatient supply)

	ideally values should be 0.05 or smaller
	 

	robust standard errors have been used to calculate statistical significance

	 
	
	
	 

	 
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.194
	0.036
	<0.001

	allsimd
	0.002
	0.200
	<0.001

	employ
	0.095
	0.090
	<0.001


Table C6
	Differences of slopes; datazones

	 
	
	
	
	
	 

	Impact of inpatient/outpatient supply and urban/rural markers on the slope of the needs index

	Values are based on robust standard errors; all models contain health board dummies.

	 
	
	
	
	
	 

	Difference of slope for various models to the model without supply variables and without urban/rural markers

	Difference is given relative to the robust standard error of the model without supply variables and without urban/rural markers.

	Absolute values (i.e. without sign) are shown.

	 
	
	
	
	
	 

	 
	
	
	reference model
	allsimd
	employ

	inpatient/outpatient supply, no urban/rural markers
	0.4405
	0.2072
	0.1906

	inpatient/outpatient supply, urban/rural markers
	0.1286
	0.1636
	0.1241

	 
	
	drivetime GP, no urban/rural markers
	0.0543
	0.2655
	0.2185

	 
	
	drivetime GP, urban/rural markers
	0.2438
	0.5066
	0.3978

	 
	
	access deprivation, no urban/rural markers
	0.0031
	0.9630
	0.5944

	 
	
	access deprivation, urban/rural markers
	0.0660
	0.9372
	0.6388

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	Difference of slope for various models to the model without supply variables and urban/rural markers

	Difference is given relative to the slope of the model without supply variables and urban/rural markers.

	Absolute values (i.e. without sign) are shown.

	 
	
	
	
	
	 

	 
	
	
	reference model
	allsimd
	employ

	inpatient/outpatient supply, no urban/rural markers
	0.0163
	0.0083
	0.0070

	inpatient/outpatient supply, urban/rural markers
	0.0048
	0.0065
	0.0046

	 
	
	drivetime GP, no urban/rural markers
	0.0020
	0.0106
	0.0080

	 
	
	drivetime GP, urban/rural markers
	0.0090
	0.0203
	0.0147

	 
	
	access deprivation, no urban/rural markers
	0.0001
	0.0385
	0.0219

	 
	 
	access deprivation, urban/rural markers
	0.0024
	0.0375
	0.0235


From the above tables one can see that both urban/rural markers and inpatient/outpatient supply variables hardly have any impact on the slope of the needs index for the reference model. As access deprivation (and as part of it, drive time to the nearest GP practice) is a component of the overall deprivation index SIMD, it has a modest impact on the slope of the allsimd model. Within the employ model the access deprivation has still a little influence on the slope, although it is even more modest than in the allsimd model.
In all three variations of markers and supply it is the case that the added power of the needs index for remote rural areas is slightly negative, although it is very close to zero. In the two other models it is just above zero. This means that adding needs indices to health board dummies and supply variables does not improve the fit. The same holds true for accessible rural areas. Recall that these measures of fit were obtained from models which were calculated for all of Scotland, not just rural areas.

Remote small towns show lots of similarities to urban areas. Although people with mental health problems might be more likely to move out of a remote small town into settlements with mental heath facilities, it seems that those who stay are picked up reasonably well by the proposed needs indices.

All the above mentioned patterns can be observed on intermediate geographies as well:

Table C7
	no urban/rural markers, no inpatient/outpatient supply; intermediate geographies

	 
	
	
	
	
	 

	correlations of fitted values and actual values

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5881
	0.5904
	0.2162
	0.6000
	0.3917

	allsimd
	0.5827
	0.5908
	0.1556
	0.6429
	0.3484

	employ
	0.6028
	0.6088
	0.2092
	0.6438
	0.3630

	noneed
	0.3858
	0.3771
	0.1407
	0.4378
	0.3359

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1970
	0.2064
	0.0269
	0.1683
	0.0406

	allsimd
	0.1907
	0.2068
	0.0044
	0.2217
	0.0086

	employ
	0.2145
	0.2284
	0.0240
	0.2228
	0.0189

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	2.55E-11
	0.0104
	-0.0254
	-0.0220
	-0.0775

	allsimd
	-6.47E-10
	0.0268
	-0.1141
	0.0696
	-0.1843

	employ
	6.55E-10
	0.0192
	-0.0630
	0.0105
	-0.1441


Table C8
	no urban/rural markers, but inpatient/outpatient supply; intermediate geographies

	 
	
	
	
	
	 

	correlations of fitted values and actual values

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5923
	0.5954
	0.2252
	0.5738
	0.3951

	allsimd
	0.5860
	0.5953
	0.1530
	0.6289
	0.3454

	employ
	0.6063
	0.6136
	0.2036
	0.6264
	0.3594

	noneed
	0.3905
	0.3805
	0.1249
	0.4592
	0.3384

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1983
	0.2097
	0.0351
	0.1184
	0.0416

	allsimd
	0.1909
	0.2096
	0.0078
	0.1847
	0.0048

	employ
	0.2151
	0.2317
	0.0259
	0.1815
	0.0147

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	-3.21E-10
	0.0142
	-0.0350
	-0.0471
	-0.0939

	allsimd
	-9.01E-11
	0.0281
	-0.1163
	0.0605
	-0.1915

	employ
	-3.10E-10
	0.0196
	-0.0617
	0.0049
	-0.1475


Table C9
	urban/rural markers, inpatient/outpatient supply; intermediate geographies

	 
	
	
	
	
	 

	correlations of fitted values and actual values

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5941
	0.5969
	0.2174
	0.5698
	0.3809

	allsimd
	0.5934
	0.5987
	0.1372
	0.6317
	0.3248

	employ
	0.6099
	0.6158
	0.1914
	0.6319
	0.3381

	noneed
	0.4151
	0.3889
	0.1077
	0.476
	0.3177

	 
	
	
	
	
	 

	added power (unadjusted R2 - difference of squared correlations to the noneed model from above)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.1806
	0.2050
	0.0357
	0.0981
	0.0442

	allsimd
	0.1798
	0.2072
	0.0072
	0.1725
	0.0046

	employ
	0.1997
	0.2280
	0.0250
	0.1727
	0.0134

	 
	
	
	
	
	 

	mean of residuals (i.e. actual value minus fitted value)

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	2.94E-10
	2.91E-10
	7.91E-10
	8.24E-10
	-9.85E-10

	allsimd
	-2.44E-11
	1.24E-10
	-7.88E-10
	-1.45E-09
	3.66E-10

	employ
	6.33E-10
	2.91E-10
	3.11E-09
	2.05E-09
	-4.79E-10


Table C10
	Different variables of access; no urban/rural markers; Intermediate Geographies

	 
	
	
	
	
	 

	correlations of fitted values and actual values with no supply variables

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5881
	0.5904
	0.2162
	0.6000
	0.3917

	allsimd
	0.5827
	0.5908
	0.1556
	0.6429
	0.3484

	employ
	0.6028
	0.6088
	0.2092
	0.6438
	0.3630

	noneed
	0.3858
	0.3771
	0.1407
	0.4378
	0.3359

	 
	
	
	
	
	 

	correlations of fitted values and actual values with inpatient/outpatient access as supply variables

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5923
	0.5954
	0.2252
	0.5738
	0.3951

	allsimd
	0.5860
	0.5953
	0.1530
	0.6289
	0.3454

	employ
	0.6063
	0.6136
	0.2036
	0.6264
	0.3594

	noneed
	0.3905
	0.3805
	0.1249
	0.4592
	0.3384

	 
	
	
	
	
	 

	correlations of fitted values and actual values with drivetime to a GP practice as supply variable

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5882
	0.5904
	0.2162
	0.5989
	0.3949

	allsimd
	0.5873
	0.5929
	0.1662
	0.6464
	0.3466

	employ
	0.6043
	0.6097
	0.2114
	0.6491
	0.3634

	noneed
	
	
	
	
	 

	 
	
	
	
	
	 

	correlations of fitted values and actual values with access deprivation as supply variable

	 
	
	
	
	
	 

	 
	Scotland
	urban
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.5883
	0.5905
	0.2160
	0.5967
	0.3967

	allsimd
	0.5917
	0.5953
	0.1707
	0.6340
	0.4044

	employ
	0.6063
	0.6110
	0.2127
	0.6378
	0.3901

	noneed
	
	
	
	
	 

	 
	
	
	
	
	 

	p values (statistical significance; ideally values should be 0.05 or smaller)

	As the erros terms are heteroskedastic, robust errors have been calculated.

	 
	
	
	
	
	 

	 
	ipacx/opacx (max)
	drivetime GP
	access deprivation
	 

	linear reference
	0.016
	0.600
	0.554
	
	 

	allsimd
	0.021
	0.001
	<0.001
	
	 

	employ
	0.017
	0.030
	0.009
	 
	 


Table C11
	Urban/rural markers; intermediate geographies

	 
	
	
	 

	statistical significance (models include inpatient/outpatient supply)

	ideally values should be 0.05 or smaller
	
	 

	robust standard errors have been used to calculate statistical significance

	 
	
	
	 

	 
	accessible rural
	remote small towns
	remote rural

	linear reference
	0.329
	0.115
	0.004

	allsimd
	0.015
	0.301
	<0.001

	employ
	0.132
	0.179
	<0.001


Table C12
	Differences of slopes; intermediate geographies

	 
	
	
	
	
	 

	Impact of inpatient/outpatient supply and urban/rural markers on the slope of the needs index

	Values are based on robust standard errors; all models contain health board dummies.

	 
	
	
	
	
	 

	Difference of slope for various models to the model without supply variables and without urban/rural markers

	Difference is given relative to the robust standard error of the model without supply variables and without urban/rural markers.

	Absolute values (i.e. without sign) are shown.

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	 
	
	
	reference model
	allsimd
	employ

	inpatient/outpatient supply, no urban/rural markers
	0.3948
	0.1527
	0.1299

	inpatient/outpatient supply, urban/rural markers
	0.1109
	0.1844
	0.1949

	 
	
	drivetime GP, no urban/rural markers
	0.1072
	0.3142
	0.2856

	 
	
	drivetime GP, urban/rural markers
	0.2370
	0.4705
	0.4099

	 
	
	access deprivation, no urban/rural markers
	0.2937
	0.9227
	0.7749

	 
	
	access deprivation, urban/rural markers
	0.2196
	0.8690
	0.7086

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	Difference of slope for various models to the model without supply variables and urban/rural markers

	Difference is given relative to the slope of the model without supply variables and urban/rural markers.

	Absolute values (i.e. without sign) are shown.

	 
	
	
	
	
	 

	 
	
	
	reference model
	allsimd
	employ

	inpatient/outpatient supply, no urban/rural markers
	0.0229
	0.0097
	0.0077

	inpatient/outpatient supply, urban/rural markers
	0.0064
	0.0117
	0.0115

	 
	
	drivetime GP, no urban/rural markers
	0.0062
	0.0200
	0.0169

	 
	
	drivetime GP, urban/rural markers
	0.0137
	0.0299
	0.0243

	 
	
	access deprivation, no urban/rural markers
	0.0170
	0.0586
	0.0459

	 
	 
	access deprivation, urban/rural markers
	0.0127
	0.0552
	0.0419


Annex D

In order to decrease the number of geographies with no activity all previous analysis has been carried out using 3 years’ data. The following tables show a comparison of slopes of the needs indices when the model uses only one year’s data. As previously three different needs indices have been examined:

Linear reference model: needs index composed of information on social rented housing, single adult discount and benefits including severe disability allowance, income benefit and employment and support allowance
Allsimd model: needs index is the overall SIMD scores 2009

Employ model: needs index is the SIMD employment rate 2009 (part of the overall SIMD scores)

All models use linear regression without transformations. Also, they all contain health board dummies and variables for inpatient/outpatient supply.

Table D1
	Datazones
	 
	 
	 
	 

	 
	
	
	
	 

	slope of needs index (relative difference to 3 year average in %)
	 

	 
	2007
	2008
	2009
	 

	linear reference
	-3.36
	0.13
	1.65
	 

	allsimd
	-6.69
	2.51
	3.91
	 

	employ
	-5.98
	2.77
	2.98
	 

	 
	
	
	
	 

	slope of needs index (relative difference to 2009 value in %)
	 

	 
	2007
	2008
	
	 

	linear reference
	-4.93
	-1.50
	
	 

	allsimd
	-10.20
	-1.35
	
	 

	employ
	-8.70
	-0.21
	
	 

	 
	
	
	
	 

	difference of needs index to 2009 value, relative to 2009 robust standard error

	 
	2007
	2008
	
	 

	linear reference
	-0.867
	-0.263
	
	 

	allsimd
	-2.336
	-0.309
	
	 

	employ
	-2.146
	-0.052
	 
	 


Table D2
	Intermediate Geographies
	 
	 
	 

	 
	
	
	
	 

	slope of needs index (relative difference to 3 year average in %)
	 

	 
	2007
	2008
	2009
	 

	linear reference
	-7.13
	3.22
	4.22
	 

	allsimd
	-6.79
	2.68
	3.89
	 

	employ
	-6.44
	3.00
	3.24
	 

	 
	
	
	
	 

	slope of needs index (relative difference to 2009 value in %)
	 

	 
	2007
	2008
	
	 

	linear reference
	-10.89
	-0.96
	
	 

	allsimd
	-10.27
	-1.16
	
	 

	employ
	-9.38
	-0.23
	
	 

	 
	
	
	
	 

	difference of needs index to 2009 value, relative to 2009 robust standard error

	 
	2007
	2008
	
	 

	linear reference
	-1.621
	-0.143
	
	 

	allsimd
	-1.436
	-0.162
	
	 

	employ
	-1.413
	-0.035
	 
	 


There is a clear trend towards steeper slopes of the needs indices. This is in line with what one should expect to see from the move to delivering more services in a community setting – the more costly cases remain within the hospital setting, leading to a stronger link to deprivation. In order to keep the model as responsive as possible one should switch back to the one year’s data – for both datazones and intermediate geographies this is possible.
Annex E

The following data was produced in order to compare the models for two different geographies: datazones and intermediate geographies. All models contain health board dummies and inpatient/outpatient access variables. The needs indices are as follows:

Linear reference model: needs index composed of information on social rented housing, single adult discount and benefits including severe disability allowance, income benefit and employment and support allowance
Allsimd model: needs index is the overall SIMD scores 2009

Employ model: needs index is the SIMD employment rate 2009 (part of the overall SIMD scores)

Table E1 – unadjusted R2
	 
	Intermediate Geography
	Datazone

	 
	unadjusted R2
	additional explanatory power of needs index
	unadjusted R2
	additional explanatory power of needs index

	linear reference
	0.3508
	0.1983
	 
	0.1616
	0.1090
	 

	allsimd
	0.3434
	0.1909
	 
	0.1634
	0.1107
	 

	employ
	0.3676
	0.2151
	 
	0.1841
	0.1315
	 


Table E2 – difference of slopes for needs indices

	Difference is given relative to robust standard errors for both datazone and intermediate geography values and also relative to smaller slope.

	Values are given in absolute numbers (i.e. without sign).

	 
	
	
	
	 

	 
	difference relative to datazone error
	difference relative to intermediate geography error
	difference  relative to smaller slope

	linear reference
	5.598
	4.206
	0.2743
	 

	allsimd
	1.643
	1.063
	0.0729
	 

	employ
	2.123
	1.385
	0.0875
	 


Annex F – 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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