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TAGRA Mental Health MLC: under 65s modelling – initial results
This paper presents preliminary results from stage two of the modelling process as defined in the MLC ‘work programme’.

1. Background
The NRAC formula allocates around 70% of the healthcare budget in Scotland to the 14 territorial health boards.  The formula starts with the raw population and then adjusts the share according to the age-sex demographic, additional needs due to morbidity and life circumstances (MLC) and finally excess costs to obtain the final recommended share for each board.  A review of the needs index for the Mental Health and Learning Difficulties care programme for the MLC adjustment was previously conducted with an aim to determine which indicators are required to predict healthcare need after adjusting for the age-sex profile of a neighbourhood.  Healthcare need is expressed as a cost ratio of actual costs incurred / expected costs given the age-sex demographic of the neighbourhood.  These costs were then predicted using linear regression, but the output showed a number of outliers, a great proportion of which were found to be attributed to long-stay patients having identical hospital datazones and patient datazones.  This is thought to be due to different coding practices between institutions and so the decision was made to remove long-stay patients from the analysis.  

This paper aims to determine the indicators required to predict healthcare need for Mental Health and Learning Difficulties short-stay patients under 65 years of age, where short-stay is defined as a length of stay less than or equal to 182 days (6 months).
2. Data
2.1 Current Model

The current model is based on intermediate geographies, combines all ages and is based on one year of utilisation data.  The needs index is comprised of

· % living in social rented housing (census 2001)

· % living in one person households (census 2001)

· % claiming severe disablement allowance (discontinued)
The goodness of fit, measured by adjusted R2 is 46.4% with the needs index having added explanatory power of 23.6%.  However, intermediate geographies may not adequately reflect pockets of deprivation and so the first part of the analysis is being carried out at the datazone level with the intention to revisit aggregation over geography at a later stage.  Since regression on smaller areas is likely to produce a worse fit, a reference model was created which aimed to reflect both the current model and the differences in age restriction and aggregation over time and geography.
2.2 Reference model

The reference model is based on datazones with three years of utilisation data, considers only patients under 65 years of age with length of stay less than or equal to 182 days and is comprised of

· % living in social rented housing (census 2001)

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

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

It has been decided previously by the MLC subgroup not to transform cost ratios based on the transparency criteria of TAGRA, resource constraints and predictive power equalling that of transformed models.  So while the current model uses log transformed cost ratios, the reference model is untransformed to make numbers in this analysis comparable.
Health board (dummy) variables and measures of inpatient and outpatient access are used to model supply effects.
2.3 Models proposed by work programme

The models proposed by the work programme for analysis are:
Model 1) SIMD 2009 score for overall deprivation, urban-rural marker.

Model 2) Individual SIMD components (2009 scores), standardised mortality ratios (SMR) for under 65s with mental health as cause of death, job seekers allowance (JSA) rates, urban-rural marker.
Model 3) Hospital episodes due to alcohol (06/07-09/10), hospital episodes due to drugs (06/07-09/10), urban-rural marker.

Model 4) Hospital episodes due to alcohol (06/07-09/10), hospital episodes due to drugs (06/07-09/10), SIMD 2009 score for overall deprivation, urban-rural marker.
The urban-rural marker present in all models is the fourfold urban-rural classification devised by Highland where the categories are urban, accessible rural, remote small towns and remote rural.  See Annex A for more detail.
3. Methods / Results
Linear regression was performed on all four models proposed by the work programme.  Table 1 includes the results at Scotland level and across all urban/rural regions – see Table A2 in Annex A for full version of Table 1.
Table 1: Goodness of fit of proposed models against reference model.

	Model 
	Adjusted R2

	
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	Reference (linear)
	0.3881
	0.4042
	0.2184
	0.2999
	0.2290

	SIMD (1)
	0.3778
	0.3912
	0.1882
	0.3514
	0.1743

	SIMD Domains, SMR, JSA (2)
	0.4360
	0.4529
	0.2474
	0.3780
	0.2427

	Alcohol and Drugs (3)
	0.3494
	0.3593
	0.1960
	0.2970
	0.1962

	Alcohol, Drugs, SIMD (4)
	0.3964
	0.4092
	0.2088
	0.3646
	0.1990


Note: values in bold are those which exceed the corresponding value of the reference model.
3.1 Summary of findings
SIMD overall deprivation scores (model 1) exceed the reference model in only one region – remote small towns.  From model 2’s performance in remote small towns, the beta coefficients show the employment SIMD domain to be a strong predictor and this is mirrored in model 1 since the SIMD overall score gives great weight to the employment domain.
Alcohol and drugs do not exceed the reference model at all and drugs is in fact not significant in the model in accessible rural and remote rural regions.
Model 4 exceeds the reference model Scotland wide and in urban and remote small towns.  However, the addition of alcohol and drugs to SIMD does not show a great increase in fit (less than 2% higher than model 1) and drugs is now not significant in the model across all three rural regions.  SIMD is also not significant in remote rural areas.
Model 2 exceeds the reference model in all urban/rural regions. However the beta coefficients of some variables in the model change sign across urban/rural regions highlighting a possible issue with collinearity of the explanatory variables (see Annex B).  Added to this is the issue that not all variables are significant in the model, with different variables achieving significance across different regions.  From a practical viewpoint, nine needs indicators are quite a large number to work with and so further analysis was performed with an aim to find an optimal subset of the variables in model 2.
3.2 Further Analysis
Beta coefficients from a model containing SIMD domains, SMR, JSA and alcohol (model 2 + alcohol) were examined and it was found that only four variables were stable across urban/rural regions: the employment, crime and education SIMD domains and alcohol (see Annex B, Table B1).  These four indicators form model 5 and were found to exceed the reference model across all regions except remote rural areas (see Table 2).  However, the education domain was found to be non significant in all three rural areas and the crime domain was found to be non significant (just) in remote rural areas (p=0.06).  Based on these results model 6 was formed and is comprised of only alcohol and the crime and employment SIMD domains (see Table 2).
Table 2: Goodness of fit of further models against reference model.

	 
	Adjusted R2

	Model
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	linear reference
	0.3881
	0.4042
	0.2184
	0.2999
	0.2290

	crime, employment, education, alcohol (5)
	0.4361
	0.4472
	0.2347
	0.3811
	0.2218

	crime, employment, alcohol (6)
	0.4275
	0.4426
	0.2320
	0.3834
	0.2233


Note: values in bold are those which exceed the corresponding value of the reference model.
Further models comprising of different combinations of the four indicators in model 5 can be found in Annex B, Table B2.
Model 4, considered in the main analysis, is comprised of SIMD overall index, alcohol and drugs, but drugs was found to be a non significant predictor across all three rural regions.  As SIMD overall index is more desirable from a practical viewpoint than its seven domains, for completeness, model 7 was formed which is comprised of only SIMD overall index and alcohol.
Table 3: Goodness of fit of model 7 against reference model and model 4
	 
	Adjusted R2

	Model
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	reference (linear)
	0.3881
	0.4042
	0.2184
	0.2999
	0.2290

	SIMD, alcohol (7)
	0.3953
	0.4081
	0.2086
	0.3617
	0.2006

	SIMD, alcohol, drugs (4)
	0.3964
	0.4092
	0.2088
	0.3646
	0.1990


Note: values in bold are those which exceed the corresponding value of the reference model.
Model 7 exceeds the reference model in the same regions as model 4 (Scotland wide, urban and accessible rural) with a slightly higher R2 for remote rural areas and a slight drop in R2 in all other regions (Table3).  Also like model 4, SIMD overall index is not significant in remote rural areas. 
4. Discussion
More up to date data on hospital episodes due to alcohol/drug use was used for this analysis than was used previously in the analysis of both short stay and long stay patients together.  It is also more up to date than the alcohol/drugs data used in the health domain of the SIMD index.  However, drugs was found not to be significant in rural areas when included in any model.  On this basis it is our recommendation to drop drugs from the analysis.
The SIMD overall deprivation index has the advantage of being easier to update since it is only one index (model 1), but unfortunately it fails to outperform the reference model, except in the remote small towns category.

From the four models proposed by the work programme, model 2 is the top performer in terms of R2, exceeding the reference model across all regions.  However, it contains nine needs indicators (7 SIMD domains, JSA, SMR) and so from a practical point of view it is desirable to explore subsets of these variables to predict healthcare need as updating nine indicators can prove difficult.  Also, the variables are not all significant in the model with different combinations achieving significance in different urban/rural regions. Many also fail to maintain the same sign of their beta coefficient across these regions.  From these results it is our recommendation to consider a subset of the variables from model 2.
Model 5 is comprised of the four needs indicators which showed stability of beta coefficients across urban/rural regions – alcohol and the employment, crime and education SIMD domains.  This model exceeded the reference model in all regions except remote rural, but not all of the variables were significant.  Education was not a significant predictor in all three rural areas; crime was not significant in only remote rural areas.  

Variations of model 5 were considered forming model 6 which is comprised of three needs indicators – alcohol and the employment and crime SIMD domains.  These variables were chosen for their stability in the sign of their beta coefficients and their significance in the model across urban/rural regions. This model outperforms the reference model across all regions with the exception of remote rural areas where it stays less than 0.6% below in terms of R2.
Model 7 was a further attempt to reduce the seven SIMD domains by simply using the overall SIMD index and alcohol.  This model exceeded the reference model in urban and remote small towns, but did not offer the level of predictive power achieved by other models in the analysis.  It is our recommendation to use the SIMD domains (or a subset of them) and not SIMD overall index.
4.1. Recommendations for discussions
TAGRA MLC subgroup is invited to discuss:

· Dropping drugs from further analysis.
· Dropping SIMD overall index in favour of the SIMD domains, or a subset of these.

· Which model is to be preferred.
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Annex A
Urban Rural Classification definition
Urban – settlements of over 3,000 and if population of area is less than 10,000, has a drive time of within 30 minutes to a settlement of 10,000 or more.

Accessible rural – areas with a population of less than 3,000 and with a drive time of within 30 minutes to a settlement of 10,000 or more.

Remote small town – settlements of between 3,000 -10,000 with a drive time of more than 30 minutes to a settlement of 10,000 or more

Remote rural – areas with a population of less than 3,000 and with a drive time of more than 30 minutes to a settlement of 10,000 or more 

Table A1: Distribution of data across urban-rural categories
	Urban-Rural Category
	No. of observations
	Percent of total observations
	Population (average 07/08-09/10)
	Percentage of total population

	Urban
	5066
	77.89
	3379202.00
	78.37

	Accessible Rural
	739
	11.36
	510838.70
	11.85

	Remote Small Towns
	264
	4.06
	154468.00
	3.58

	Remote Rural
	435
	6.69
	267502.30
	6.20


Table A2: Goodness of fit of proposed models against reference model (full table).

	 
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	Model 
	R2
	Added explanatory power
	R2
	Added explanatory power
	R2
	Added explanatory power
	R2
	Added explanatory power
	R2
	Added explanatory power

	Reference (linear)
	0.3881
	0.3101
	0.4042
	0.3165
	0.2184
	0.1087
	0.2999
	0.1557
	0.2290
	0.0817

	SIMD (1)
	0.3778
	0.2998
	0.3912
	0.3035
	0.1882
	0.0785
	0.3514
	0.2072
	0.1743
	0.0270

	SIMD Domains, SMR, JSA (2)
	0.4360
	0.3580
	0.4529
	0.3652
	0.2474
	0.1377
	0.3780
	0.2338
	0.2427
	0.0954

	Alcohol and Drugs (3)
	0.3494
	0.2714
	0.3593
	0.2716
	0.1960
	0.0863
	0.2970
	0.1528
	0.1962
	0.0489

	Alcohol, Drugs, SIMD (4)
	0.3964
	0.3184
	0.4092
	0.3215
	0.2088
	0.0991
	0.3646
	0.2204
	0.1990
	0.0517


Note: values in bold are those which exceed the corresponding value of the reference model.

Annex B
Table B1: Beta coefficient sign across urban-rural categories.
	Variable
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	SMR
	+
	+
	+
	-
	+

	SIMD access
	-
	-
	-
	+
	-

	SIMD crime
	+
	+
	+
	+
	+

	SIMD employ
	+
	+
	+
	+
	+

	SIMD health
	+
	+
	+
	-
	-

	SIMD income
	-
	-
	+
	+
	+

	SIMD education
	-
	-
	-
	-
	-

	SIMD housing
	+
	+
	+
	+
	-

	JSA
	+
	+
	-
	-
	-

	Alcohol
	+
	+
	+
	+
	+


Table B2: Assessing goodness of fit and significance of variations of model 5.
	 
	Adjusted R2
	 

	Model
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural
	Comments on variable significance

	linear reference
	0.3881
	0.4042
	0.2184
	0.2999
	0.2290
	-

	crime, employment, education, alcohol (5)
	0.4316
	0.4472
	0.2347
	0.3811
	0.2218
	education and health not significant in remote rural and remote small towns, alcohol not significant in remote rural

	crime, employment, alcohol (6)
	0.4275
	0.4426
	0.2320
	0.3834
	0.2233
	Crime just non significant at 5% level in remote rural areas only (p=0.06).

	Crime, Employment, Education
	0.4242
	0.4411
	0.2222
	0.3696
	0.2141
	education not significant in accessible rural, remote small towns and remote rural

	crime, employment
	0.4203
	0.4365
	0.2208
	0.3720
	0.2159
	all variables significant


Note: values in bold are those which exceed the corresponding value of the reference model.

Annex C 

Table C1: Indicators used in SIMD 2009 domains and their weightings in the overall SIMD index.
	Current Income 
	Employment 
	Health
	Education
	Housing
	Crime
	Access

	
	
	
	
	
	
	Drive-time
	Public transport

	Number of Adults (aged 16-59) receiving Income Support 
	Working Age Unemployment Claimant Count 
	Standardised Mortality Ratio 
	School pupil absences 
	Persons in households that are overcrowded 
	Recorded Crimes of Violence 
	to a GP 
	to a GP 

	Number of Adults (aged 60 plus) receiving Guaranteed Pension Credit 
	Working Age Incapacity Benefit recipients
	Hospital Episodes Related to alcohol use 
	Pupil performance on SQA at stage 4 
	Persons in households without central heating 
	Recorded Domestic housebreaking 
	to a Post Office
	to a Post Office

	Number of Children (aged 0-15) dependent on a recipient of Income Support 
	Working Age Severe Disablement Allowance recipients 
	Hospital Episodes Related to drug use 
	Working age people with no qualifications 
	 
	Recorded Vandalism 
	to Shopping facilities
	to Shopping facilities

	Number of Adults receiving (all) Job Seekers Allowance  
	Working Age Compulsory New Deal participants 
	Comparative Illness Factor 
	17-21 year olds enrolling into higher education 
	 
	Recorded Drugs Offences 
	to a Primary School
	 

	Number of Children (aged 0-15)  dependent on a recipient of Job Seekers Allowance 
	 
	Proportion of population being prescribed drugs for anxiety, depression or psychosis 
	People aged 16-19 not in full time education, employment or training 
	 
	Recorded Minor Assault 
	to a Secondary School
	 

	Number of Adults and Children in Tax Credit Families on low incomes 
	 
	Proportion of live singleton births of low birth weight 
	 
	 
	 
	to a Petrol Station
	 

	 
	 
	Emergency admissions to hospital 
	 
	 
	 
	 
	 

	28% of overall weight
	28% of overall weight
	14% of overall weight
	14% of overall weight
	2% of overall weight
	5% of overall weight
	9% of overall weight


*Source: http://www.scotland.gov.uk/Resource/Doc/933/0113624.doc
