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Background

At the last meeting of the MLC subgroup, it was agreed to separately progress work on the under 65 population and the over 65 population for the review of MLC. This would allow an investigation of whether these different population groups had different need drivers, or different need relationships. The subgroup also agreed to conduct the analysis at data zone level, rather than the previous intermediate geography level.
Summary

When restricting the analysis to the over 65 population, it has not been possible to produce well performing models at the data zone level, with the best adjusted R2 being 10.4%, compared to 24.6% for analysis conducted at the intermediate geography level.
A clear difference appears to be emerging between the best performing indicators for the two age groups. SIMD, which appears to perform well as an indicator for the under 65s, performs less well for the over 65s, particularly in rural areas.

A number of different functional forms have been tested. At this stage, there does not appear to be a clearly preferable form, although it appears that a simple linear model does not perform well.

A number of rurality indicators have been tested. The performance of these indicators is variable. Where they are significant, they tend to suggest that rurality is associated with lower need for over 65s mental health & learning difficulties services.

The results are presented in more detail below.

The reference model
This work has focussed on the over 65s population. Work on estimating a regression for the under 65 population is reported separately in TMLC08.

A reference model was constructed based on the approach set out in the TRIBAL Secta report. The TRIBAL Secta approach was for all ages and based on intermediate geographies, with an index 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%. 
In order to investigate possible models at the data zone level for the over 65 population, a reference model has been produced for over 65s, based on data zones and a new set of indicators. As this first part of the analysis is done on data zone level, we expect to see a worse fit. In order to approximate the old index as closely as possible, a new index has been created using the sum of the z-scores of the following:

· % claiming benefits (average 2007-2009) including severe disability allowance, income benefit and employment and support allowance

· % receiving single adult discount (average 2007-2009)

· % social rented housing (census 2001) 

The current model uses log-transformed cost ratios, as does the reference model. NHS Board dummy variables and inpatient and outpatient supply variables are also used.
The results of the reference model are very poor. An adjusted R2 of 4.8%, with the added explanatory power of the needs index 0.9%.
Other indicators
A number of alternative indicators have been assessed as potential explanatory variables in the model:

· SIMD
· Attendance allowance (high rate);

· Attendance allowance (all);

· Guaranteed pension credit;

· Pension credit;

· Standardized mortality ratios  (all cause) under 75s

· Long term limiting illness;

· Acute index.

Using these indicators, it was still not possible to generate an adjusted R2 better than 10.4%.
Part of the difficulty in obtaining improved adjusted R2 may be due to the number of empty zones for the over 65 population at the data zone level. 3.3% of data zones have zero activity in the over 65 age group, compared to just 0.1% in the 0-64 population.
By way of comparison, the reference model was run at the intermediate geography level, where there are no empty zones. This provided an overall adjusted R2 of 21.5%, with an additional explanatory power of the needs index of 5.0%. Tests with the other indicators suggest that improved adjusted R2 in excess of 25% could be obtained at the intermediate geography level.

Therefore, it is proposed that for the over 65s, further testing is carried out at the intermediate geography level. This is the case for the analysis shown below. However, it can easily be reproduced at the date zone level.
Potential new models
The selection process of the new model began by testing whether the other indicators could improve upon the reference model. Indicators are discussed briefly below, purely in terms of their impact on the adjusted R2 for an all Scotland model.
Acute index

Use of the acute index offered slight improvement in the fit, at 22.3%. Splitting the acute index into its two constituent parts, the all-cause under 75s SMR and the rate of limiting long term illness, revealed that the coefficient on the latter was close to insignificant (p‑value = 0.098) and counter-intuitively signed. This is a census variable and therefore may no longer be reflecting population need. Removing this variable and using only the under 75s SMR resulted in a further slight improvement in goodness of fit to 23.2%.

SIMD

The SIMD total score was found to be a significant indicator of need, although slightly less successful than the reference model, with an adjusted R2 of 20.3%.

Pension data

There is almost perfect correlation (r = 0.99) between the rate of Guaranteed Pension Credit (an additional allowance payable to those on low incomes) and the rate of overall Pension Credit. With a greater focus on low-incomes, the Guaranteed Pension Credit in theory seems more appealing, and also performs slightly better, with an adjusted R2 of 22.1%

Attendance allowance
Correlation between these two indicators is also very high (r = 0.96). The high rate of attendance allowance is for those who require attention both day and night, as opposed to just during the day. The two indicators again perform similarly, although the overall rate is slightly higher. It has a goodness of fit of 22.8%.
Alternative indicator set
As a set of alternative indicators, the under 75 all cause SMR, SIMD, guaranteed pension credit, and attendance allowance are taken together to form indicator set O1. Together these increase the goodness of fit to 24.6%.
The GPC indicator was found to be insignificant, and was removed. This had a marginal impact on the goodness of fit only noticeable at two decimal places.

The models tested tend to perform better overall in rural areas than in urban areas. However, it is noticeable that this is driven by the performance of supply variables, with the added explanatory power of the need indicators tending to be less in rural areas compared to urban ones. 

Table B1 – Adjusted R2 from different model functional forms across geographies
	Model
	Scotland
	urban areas
	rural areas

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

	1.Reference
	21.5%
	5.0%
	16.6%
	5.6%
	23.7%
	0.5%

	
	
	
	
	
	
	

	2.No trans
	11.7%
	5.2%
	11.3%
	5.4%
	7.6%
	6.3%

	3.SQRT
	20.4%
	8.0%
	18.7%
	8.6%
	14.8%
	4.5%

	4.Log
	24.6%
	8.1%
	20.4%
	9.3%
	24.7%
	1.6%

	5.Log-log
	24.6%
	8.1%
	20.4%
	9.3%
	24.7%
	1.6%


Residuals and normality box-plots from the different functional forms are reproduced in Annexes A and B respectively. In contrast to the results for the under 65 population, there does not appear to be a tendency for any of the functional forms to systematically return errors of a particular sign in with the cost ratios. However, there is a clearer difference in the normality plots for the different functional forms, with the log-transformed forms having more linear plots. However, this is only at the extreme end of the distribution, and relevant only for a small number of zones. 

With the exception of the observation that a simple linear model does not appear to perform as well as the transformed models, there does not appear to be a clearly preferred functional form. Although the log-transformed models perform slightly better than the square-root model, this is mainly due to improved performance of the supply variables, with the difference between the added explanatory power of the need variables being smaller. Indeed, in rural areas, although the overall adjusted R2 is better for the log-transformations, the need variables perform better in the square root model.
Rurality
As well as splitting the analysis between urban and rural areas
, it is also possible to include indicators of urbanity or rurality within the specification. Possible indicators for rurality include:

· Population density;

· Proportion of business in primary industries
;

· Urban-rural classification.

The results of using these indicators (separately) is shown in the table below.

Table B2 – Performance of models with different rurality indicators
	Model
	Scotland
	urban areas
	rural areas

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

	1.Reference
	21.5%
	5.0%
	16.6%
	5.6%
	23.7%
	0.5%

	Population density

	2.No trans
	11.8%
	5.3%
	11.3%
	5.4%
	7.2%
	5.9%

	3.SQRT
	20.4%
	8.0%
	18.6%
	8.6%
	14.3%
	4.1%

	4.Log
	24.6%
	8.0%
	20.3%
	9.3%
	24.3%
	1.2%

	5.Log-log
	24.6%
	8.1%
	20.3%
	9.3%
	24.4%
	1.3%

	Proportion of business in primary industries

	2.No trans
	11.6%
	5.1%
	11.4%
	5.5%
	7.9%
	6.6%

	3.SQRT
	20.4%
	8.0%
	19.0%
	8.9%
	15.2%
	4.9%

	4.Log
	24.8%
	8.2%
	21.1%
	10.1%
	24.9%
	1.8%

	5.Log-log
	24.6%
	8.1%
	21.1%
	10.0%
	24.8%
	1.7%

	Urban rural classification

	2.No trans
	11.8%
	5.3%
	

	3.SQRT
	20.4%
	8.0%
	

	4.Log
	24.6%
	8.0%
	

	5.Log-log
	24.5%
	8.0%
	


In general, across all model specifications and indicator types, the rural indicators tend to be insignificant, with coefficients which are either close to zero or negative. The best performing indicator is the proportion of businesses in primary industries, which is negatively significant across several specifications.

It is to be expected that these measures will be correlated with one another. This is indeed the case; however, of greater interest may be the correlation with other supply variables.

Table B3 - Correlation matrix
	
	Cost ratio
	Sq root cost ratio
	Log cost ratio
	Log log cost ratio
	% bus. Pri. ind.
	Pop density
	IPACX
	OPACX
	AA
	SIMD
	SMR <75

	Cost ratio
	1
	
	
	
	
	
	
	
	
	
	

	Sq root cost ratio
	0.95
	1
	
	
	
	
	
	
	
	
	

	Log cost ratio
	0.82
	0.95
	1
	
	
	
	
	
	
	
	

	Log log cost ratio
	0.84
	0.96
	0.99
	1
	
	
	
	
	
	
	

	% bus. Pri. Ind
	-0.44
	-0.43
	-0.40
	-0.41
	1
	
	
	
	
	
	

	Pop density
	0.19
	0.18
	0.15
	0.16
	-0.38
	1
	
	
	
	
	

	IPACX
	0.44
	0.42
	0.35
	0.36
	-0.45
	0.19
	1
	
	
	
	

	OPACX
	0.44
	0.42
	0.35
	0.36
	-0.46
	0.19
	1.00
	1
	
	
	

	AA
	0.54
	0.46
	0.30
	0.36
	-0.14
	0.12
	0.30
	0.29
	1
	
	

	SIMD
	0.31
	0.27
	0.18
	0.22
	0.06
	0.06
	0.05
	0.04
	0.61
	1
	

	SMR <75
	0.63
	0.47
	0.29
	0.35
	-0.24
	0.16
	0.30
	0.29
	0.61
	0.70
	1


The main interest is the relatively strong correlations between the supply variables IPAX and OPAX and the rurality variables. There does not appear to be any strong correlations between the rurality and need variables. Initial tests suggest that removing the IPAX and OPAX variables from the model does not appear to improve the performance of the rurality indicators. This is an area that could be investigated further.
Comparison with under 65s

By way of comparison with the work undertaken for the under 65s, models have been run using SIMD score 2009 and a two-fold urban rural marker. This compares directly with the results for model 11 in paper TMLC08.
Table B4 – Results using under 65 age group indicators
	Model
	Scotland
	urban areas
	rural areas

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

	1.Reference
	21.5%
	5.0%
	16.6%
	5.6%
	23.7%
	0.5%

	
	
	
	
	
	
	

	6.No trans
	20.5%
	4.0%
	15.6%
	4.6%
	22.9%
	-0.2%

	7.SQRT
	16.0%
	3.6%
	14.2%
	4.1%
	10.2%
	-0.0%

	8.Log
	20.5%
	4.0%
	15.6%
	4.6%
	22.9%
	-0.2%

	9.Log-log
	21.1%
	4.6%
	16.6%
	5.5%
	22.8%
	-0.4%


There is a clear difference between the performance of SIMD as an indicator in urban and rural areas. SIMD has no significant explanatory power for the over 65 age group in rural areas, and its inclusion simply adds noise to the model, reducing the adjusted R2.
Discussion for the subgroup

At this stage, the analysis on the over 65 age group is not as advanced as that of the under 65 age group. However, some differences between the two groups are beginning to emerge.

· Geography – it is not proving possible to produce well performing models at the data zone level for the over 65 age group;

· Indicators – the types of indicators being considered between the age groups beginning to diverge, with SIMD appearing to perform poorly in rural areas for the over 65s.

The subgroup is asked to provide its views on:

· The acceptability of using different geographies between the different age groups;

· Whether to continue with analysis at the intermediate geography level;

· The choice of need indicators and rurality indicators, and whether there are other indicators it would like to see considered;

· Whether it has a preferred functional form at this stage.

Iain Pearce

Health Analytical Services

November 2011
ANNEX A - Model transformation analyses
The residual plots for the different model transformations are shown below, at the Scotland level.
[image: image1.emf]Residual versus fitted values, no transformation, Scotland
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[image: image2.emf]Model 3, Residual versus fitted value, square root transformation, Scotland
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[image: image3.emf]Model 4, Residual versus fitted values, log transformation, Scotland
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[image: image4.emf]Model 5, Residual versus fitted value, Log-log transformation, Scotland
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ANNEX B – Normality box-plots
The normality plots for the different functional forms are shown below, at the Scotland level.
Figure B1 - Normality plot for model 2
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Figure B2 - Normality plot for SQRT
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Figure B3 - Normality plot for model 4, log
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Figure B4 - Normality plot for model 5, log-log
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� As defined by the Scottish Government Urban Rural Classification, a rural area is one with settlements with a population of fewer than 3,000 people.


� Primary industries cover: agriculture, forestry and fishing; mining and quarrying; and electricity, gas, and water supply.
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