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Glossary

Executive summary 

The NRAC formula is used to allocate funding to the 14 territorial NHS Boards. In 2011/12, the formula was used to allocate £7.6bn out of a total health budget of £11.4bn. 

Following the implementation of the formula developed by the NRAC Committee in 2009/10, the Technical Advisory Group on Resource Allocation (TAGRA) has overseen the ongoing maintenance and development of the NRAC formula. In 2010, TAGRA set up 2 technical sub-groups to carry out the detailed analytical work required in 2 key areas of the formula : the Morbidity and Life Circumstances (MLC) adjustment and the issues associated with Remote and Rural areas, in particular in the operation of the Unavoidable Excess Costs adjustment.

The MLC sub-group had been asked to review the morbidity and life circumstances adjustment for the Mental Health & Learning Difficulties (MH&LD) hospital care programme because one of the indicators currently in the formula is no longer available. This report sets out the work of the MLC sub-group and provides findings and recommendations for the Mental Health & Learning Difficulties (MH&LD) hospital care programme.
The MLC adjustment within the NRAC formula

The MLC adjustment takes account of additional needs over and above those based on age and sex. Health Boards with areas where residents have greater levels of ill health, or are subject to life circumstances that result in higher levels of ill health, will face increased costs in meeting the increased volume of healthcare activity needed by their populations. 

The way the adjustment is calculated is by looking for the factors that best explain the variation in actual costs of healthcare within small areas for each care programme using statistical regression analysis.

Since June 2011, extensive analysis was carried out relating to the MH&LD care programme looking at :-

· Whether an age split into 0-64 year olds and 65 and over is appropriate;
· Investigating the specialty or programme split;

· The most appropriate functional form of the regression analysis;

· The most appropriate indicators to explain need;

· Using 3 year’s aggregated cost data as opposed to one year of data 

· The appropriate area base for the analysis (intermediate geographies or datazones)

· Urban rural differences
A number of preliminary conclusions were reached about these issues and reported to TAGRA. However, during this work it became apparent that there was an important issue with a number of ‘outlier’ observations in the data relating to the coding of MH&LD long-stay patients. After further investigation the sub-group agreed to omit long-stay patients from the analysis and use data on short-stay and outpatients on the incidence of mental health utilisation as a proxy for all mental health treatment.  The key assumption is that relative short-stay plus outpatients utilisation provides a reasonably good representation of the relative need for all mental health utilisation.  That is, where total mental health utilisation is high, short-stay and outpatients utilisation will also be high and vice versa.  

Functional Form
A key issue for decision by the sub-group was the choice of functional form for the regression equations.  Considerable initial work was carried out to compare different functional forms. This work uncovered issues around the complexity and feasibility of non-linear approaches. Subsequently, the sub-group reflected on the advantages and disadvantages of the alternative approaches and  recommended the use of linear models only for future analysis.  

Therefore, the analysis was taken forward on the basis of a linear approach.  
Age split

Examining different models for the under 65s population and 65 and over population was motivated by the expectation that different age groups will have different needs drivers relating to mental health issues. Moreover, an age split would support current policy developments, such as the Change Fund. As indeed confirmed by the following analysis, there are different best performing needs drivers for the younger and older people. Thus, applying different models to these two age groups leads to a better estimate in health care need for the MH&LD hospital care programme. Therefore, the sub-group recommends introducing the proposed age split.
Key findings, under 65s population
For the ages under 65 the sub-group recommends a needs index composed of “employment deprivation” (part of the Scottish Index of Multiple Deprivation), “crime deprivation” (part of the Scottish Index of Multiple Deprivation), “hospital admissions due to alcohol use” and “standardised mortality ratios with mental health as cause of death restricted to the under 65s”. Each of the four variables are intuitively related to health in this context and furthermore this needs index was among the best performing.  Intermediate geographies with 3 years’ aggregated data were chosen for stability while still retaining reasonable responsiveness.  As no strong evidence was found to treat urban and rural areas differently within the model, the sub-group recommends to continue not to include urban rural markers.
The full model details can be found in Chapter 2.
Key findings, 65 and over population  
The sub-group found that a needs index composed of the “standardised mortality ratio for ages 65 and over” and “hospital admissions due to alcohol” was the most appropriate. This needs index was one of the best performing indices, and there are also theoretical reasons why these two components should be linked to mental health, or more specifically, dementia. Similarly to the under 65s, the model based on 3 years’ data as time span and intermediate geographies as geographical unit is the most stable one, while still maintaining enough responsiveness. Again, no strong evidence was found to treat urban and rural areas differently within the model, and the sub-group recommends not to include urban rural markers.
The full model details can be found in Chapter 2.
Recommendations for TAGRA
The sub-group’s recommendations as displayed below improve upon the current formula in several ways.  The implementation of an age split between under 65s and 65 and over has allowed different best performing needs indicators to feature across the groups, thus leading to a better estimate in MH&LD healthcare need.  The identification and removal of outlier observations has allowed a clearer relationship between a patient’s MH&LD healthcare need and their socio-economic environment.  Throughout this investigation, analysis was reviewed against TAGRA’s core criteria (see Chapter 1 for a full list, and the final section of Chapter 2 for an assessment of the models against the core criteria).
Recommendation 1: The MLC adjustment should be undertaken separately for the under 65 and the 65 and over age cohorts.  

· Different age groups have different needs drivers , and applying different models to the 2 age groups leads to a better estimate of health care need for the programme as a whole. 

Recommendation 2: The Dependent variable for the estimation of the MLC coefficients should be age/sex standardised cost ratios for short-stay (less than half a year) inpatients and outpatients MH&LD hospital activity (for the relevant age cohort). 

· The dependent variable is simply the variable which is to be predicted, which in this case amounts to hospital activity expressed as age/sex standardised cost ratio restricted to the age groups under consideration.

Recommendation 3: The MLC coefficients should be estimated using cost utilisation ratios calculated as an average of the latest 3 years of data. 

· The time span reflects the time period used for the dependent variable in the model.

Recommendation 4: The MLC coefficients should be estimated using Intermediate Geography as the geographical unit.

· The geographical unit describes the neighbourhoods the model is based on. All the values for the needs index, supply variables and dependent variable are calculated for the chosen neighbourhoods

Recommendation 5: The MLC coefficients should be estimated using linear functional form without transformations.

· The model is a linear regression model without transformations. This means that a straight line is fitted through the data points, minimising squared distances (errors) between the line and the data points.

Recommendation 6: The needs indicators for the under 65 age cohort should be: 

· SIMD (employment);

· SIMD (crime);

· Hospital admissions due to alcohol;

· Standardised Mortality Rations with Mental Health as a cause of death for ages under 65. 

Recommendation 7 The needs indicators for the 65 and over age cohort should be: 

· Hospital admissions due to alcohol;

· Standardised Mortality Ratio for ages 65 and over 

· The needs index is the most influential part of the model for resource allocation. The higher the needs index of a given neighbourhood is, the more resources will be allocated to it. The coefficient for the needs index as calculated by the model will determine by how much the health care need is expected to increase if the needs index is increased by one unit.

Recommendation 8: The MLC adjustment updating schedule should take account of the timing of the release of updated data for the dependent variables (e.g. SIMD). 

This was considered more important than having a regular time period, e.g. 3 years between updates.

· CHAPTER 1
background
The NRAC formula is used to allocate funding to the 14 territorial NHS Boards. In 2011/12, the formula was used to allocate £7.6bn out of a total health budget of £11.4bn. 

The NRAC Committee recommended an approach to the ongoing maintenance and development of the formula (see NRAC report, Annex 10
) . This recommended that the Morbidity and Life Circumstances (MLC) element of the formula should be updated at least every 3 years – this was to include the variables making up the needs indices and the coefficients measuring the relationship between indices and costs. The work of the MLC sub-group is part of that programme, and is being taken forward by TAGRA on a rolling basis.

It was agreed that the detailed analysis required to review the MLC adjustment should be undertaken by a technical sub-group, and that this sub-group should begin by examining the Mental Health and Learning Difficulties care programme (see paper TAGRA (2011)03
) and then continue with the other care programmes in an order decided by TAGRA in consultation with the group. The Mental Health and Learning Difficulties (MH&LD) care programme was chosen to be tackled first because some of the indicators used there were no longer available.
The Mental Health and Learning Difficulties care programme accounts for around £860 million within the total of £7.6 billion allocated via the NRAC formula for the year 2011/12. 

Remit and terms of reference 
The following remit and terms of reference for the technical sub-group were agreed :-
The remit of the group was to recommend to TAGRA changes to the MLC indices within the NRAC formula, with regard to TAGRA’s core criteria, which will improve the ability of the formula to allocate funds between the territorial NHS Boards on a fair and equitable basis.

The group was asked to consider:

· Geography – the appropriate geographic level at which to undertake any adjustment;

· Structure – to include, but not limited to, whether (a) there should continue to be a single mental health and learning difficulties index, or whether the care programmes should be separated; and (b) whether separate adjustments for different ages should be considered;

· Indicators – the most appropriate indicators to use within any adjustment, including but not limited to need indicators and indicators of supply, rurality, and urbanity; and

· Cost data – the degree to which cost data should be aggregated, either spatially or over time, in order to provide a stable adjustment.

TIMESCALES AND MEMBERSHIP
It was agreed that the work of the group would be ongoing, with no fixed end date, due to the need to review all the care programmes sequentially. However, the group initially agreed to attempt to complete its work on the Mental Health & Learning Difficulties care programme within the 2011/12 financial year. In the event, this proved not to be possible, and the reasons for this are set out in the report which follows. 
The sub-group was designed to have a wide membership to reflect the diversity of stakeholder interests in the mental health and learning difficulties morbidity and life circumstances (MLC) adjustment. A full list of members can be found in Annex 1.
THE MLC ADJUSTMENT IN THE NRAC FORMULA
As TAGRA is aware, the MLC adjustment takes account of additional needs over and above those based on age and sex. Health Boards with areas where residents have greater levels of ill health, or are subject to life circumstances that result in ill health, will face increased costs in meeting the increased volume of healthcare activity needed by their populations. 

The way the adjustment is calculated is by looking for the factors that best explain the variation in actual costs of healthcare within small areas for each care programme using statistical regression analysis. That is, the utilisation of healthcare is represented by the ratio of actual costs (taking into account activity type and length of stay in that specific neighbourhood) to the expected costs (based on the neighbourhood’s population and national age/sex expected cost per head) and the analysis looks for the indicators which best predict this cost ratio in a regression analysis. 

The data currently used for the MH & LD hospital programme are :-

·  Specialties: general psychiatry, child psychiatry, adolescent psychiatry, psychiatry of old age, learning difficulties

· Activity data for MH&LD inpatients and outpatients is taken from SMR04 and SMR00 – no community data, only hospital data

· Cost information is sourced from Cost Book

· Population estimates are sourced from National Records of Scotland (NRS)
And the indictors within the current needs index for this care programme are :-

· Proportion claiming Severe Disability Allowance (welfare benefit now discontinued)

· Proportion in one person households (source: Census)

· Proportion in social rented housing (source: Census)
Measures of supply are:-

· Inpatient access

· Outpatient access

· NHS Board dummies

The basis of the current adjustment is :-
· Geography: intermediate geographies (1235 within Scotland)

· Age: one factor for all ages

· Cost ratios: log transformed

· Aggregation over all MH&LD specialties

· Time span: one year’s data 

The original work undertaken for the NRAC Committee, which resulted in the current MLC adjustment, is outlined in Chapter 5 of the NRAC report, and set out in detail in Technical Report D and the Addendum to Technical Report D
.

THE WORK OF THE SUB-GROUP 

Core Criteria

The sub-group adopted the same set of Core Criteria as used by TAGRA. This meant that when any decisions were being taken about particular aspects of the technical work, e.g. the choice of needs variables within the regression models, the group judged alternative options against the following 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.


Reporting and links with TAGRA
The group reported on its progress at each meeting of TAGRA and sought views on all aspects of the analysis as it progressed. All TAGRA papers and minutes, and the papers for both TAGRA sub-groups, are available on the TAGRA website at http://www.tagra.scot.nhs.uk/. 

Involvement of other stakeholders 
A presentation was made to the Directors of Finance at their meeting on 5th April 2012 by Angela Campbell and Sandra Quickert, on behalf of the MLC sub-group. The purpose of the presentation was to ensure that the Directors of Finance were aware of the work of the sub-group and to hear any comments or suggestions that they might have. One received comment was about prison populations. In November 2011 the NHS Scotland was given responsibility of provision of health care to prisoners. However, the prison populations and their mental health needs were not included in the underlying datasets for this analysis due to missing maturity of the 2011 data set. It was remarked that in future, some work might be needed to ensure the formula reflects this added responsibility. 
CHAPTER 2
THE WORK PROGRAMME
Since June 2011 extensive analysis was carried out relating to the MH&LD care programme looking at :-

· Whether an age split into 0-64 year olds and 65 and over is appropriate;
· Investigating the speciality or programme split;

· The most appropriate functional form of the regression analysis;

· The most appropriate indicators to explain supply effects;

· The most appropriate indicators to explain need;

· Using 3 year’s aggregated cost data as opposed to one year of data;
· The appropriate area base for the analysis (intermediate geographies or datazones);
· Urban/rural differences.  
A number of preliminary conclusions were reached about these issues and reported to TAGRA; however during this work, it became apparent that there was an important issue with a number of ‘outlier’ observations in the data, and this was investigated in greater depth.

Underlying data for the analysis

The data used for the analysis comes from different sources. Where possible, the data is based on the years 07/08, 08/09 and 09/10. Some indicator variables may refer to a wider time span including older years for stability reasons. A full list of data used in the analysis can be found in Annex 7.

Investigating the age split 
There are two reasons why the sub-group decided to stratify the MLC adjustment by age:

1. There was evidence to demonstrate different age groups have different need indicators or drivers;

2. There was evidence of a relationship between need indicators and cost which differs by age.

In addition to this, splitting the adjustment by age would support current policy developments, such as the Change Fund. There is likely to be an increasing desire from policy to be able to split need by age in the future.
An initial look at the current age-sex curves for the MH&LD care programme shows that there may be some reason to suppose different drivers of need for the different age bands. Rather than the usual increasing slope from left to right seen for most care programmes, the MH&LD care programme displays a small ‘hump’ in the middle age bands, before a sharp increase in costs associated with old age (Chart 2.1).

Chart 2.1
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The following analysis uses the current model indicators and applies the cost ratios disaggregated by age. The results are purely illustrative, to show how the outputs can differ by age group. They should not be taken as recommending particular variables or approaches.

The analysis below shows the results of a simple linear regression for the MH&LD, with the results split between the under 65 and 65 and over age groups. This is a simple linear regression using the following explanatory variables:
1. Proportion of the population living in social rented housing (Census)

2. Proportion of the working age population claiming IB/SDA (2009);

3. Proportion of households with a single person discount (2009);

4. NHS Board dummy variables.

These have been chosen to match those used in the previous analysis at the time of the NRAC report as closely as possible. Costs data from 2009/10 was used in this regression.
Table 2.2 – Regression analysis by age
Ages under 65s

	
	Social Rented Housing
	IB/SDA
	Single Adult Discount
	
	Model fit: Adjusted R2

	Coefficient/value
	-0.008
	0.138
	0.016
	
	0.386

	Standard error
	0.003
	0.015
	0.004
	
	

	T-stat
	-3.32
	9.27
	4.63
	
	

	p-value
	0.001
	<0.001
	<0.001
	
	


 Ages 65 and over
	
	Social Rented Housing
	IB/SDA
	Single Adult Discount
	
	Model fit: Adjusted R2

	Coefficient/value
	0.000
	0.042
	0.008
	
	0.087

	Standard error
	0.004
	0.025
	0.006
	
	

	T-stat
	0.09
	1.66
	1.28
	
	

	p-value
	0.924
	0.097
	0.203
	
	


The comparison of the results for the ages under 65s and the ages 65 and over seem to show a clear difference. For the under 65s, the overall fit of the model is reasonable and the need indicators are significant.

In contrast, the formula for ages 65 and over performs less well on all measures shown. It has a worse model fit, larger error, and none of the need indicators are significant at the 5% level.

The results above are supportive of the idea that both age groups have different need drivers. They also illustrate the fact that when the model is estimated on all age groups simultaneously, although the final overall fit may be reasonable, the fit for different age groups can be poor. This reduces the usefulness of the formula for different policy uses, such as the Change Fund.

These results are strongly suggestive that it would be appropriate to separate the data by age to improve the chances of appropriate need indicators to be identified for different age groups.
Further evidence for the separation of age groups is provided by the expenditure split taken from Costs Book for the financial year 2009/10:

Table 2.3: percentage of expenditure by specialty within MH&LD in 2009/10
	09/10
	general psychiatry
	child psychiatry
	adolescent psychiatry
	psychiatry of old age
	learning difficulties

	all ages
	56.13%
	1.31%
	1.84%
	31.89%
	8.83%

	Ages 0-64
	80.89%
	2.05%
	2.88%
	1.83%
	12.36%

	Ages 65 and over
	12.20%
	0.00%
	0.00%
	85.23%
	2.57%


Over 80% of the cost for the under 65s is covered by “general psychiatry”, while for the ages 65 and over “psychiatry of old age” is equally dominant.
The group therefore concluded it was appropriate to estimate the relationship with the need indicators separately for the two age cohorts. 
Investigating the specialty or programme split within MH&LD

The MH&LD hospital programme consists of general psychiatry, child psychiatry, adolescent psychiatry, psychiatry of old age and learning difficulties. The two smallest specialties are child psychiatry and adolescent psychiatry. There is not enough activity within these two specialties such they cannot be considered on their own. The “learning difficulties” programme shows a higher proportion of activity. However, further examination of hospital admissions for the “learning difficulties” programme revealed that on intermediate geography level around 20% of the neighbourhoods don’t show any activity at all across all ages between the three years 2007–2009. For single years this figure increases to over 40%. Thus, a separation of Learning Difficulties from Mental Health would create huge challenges for modelling. This leaves “general psychiatry” and “psychiatry of old age” as the only candidates to be separated. However, these two specialties should be well covered after introducing the age split “under 65s” and “65 and over” by their dominance in the different age groups. 
Therefore, the sub-group agreed to keep specialties together as they currently are, and not to investigate further whether a split should be introduced.
Investigation of ‘outliers’

After fitting models using the full set of activity for MH&LD, there were several neighbourhoods showing a high residual, i.e. a high difference between predicted cost ratio and actual cost ratio. Especially on datazone level the differences were very high. The picture below shows a typical plot of fitted values (i.e., predicted values) against residuals for the age group under 65 on datazone level, here with the SIMD as needs index:
Chart 2.2 – residuals versus fitted values MH&LD, ages under 65, datazone level, SIMD needs index


[image: image2]
Neighbourhoods with a high residual are called outliers. Investigation showed that the 3 worst outliers for the under 65s contained hospital facilities for mental health. Further examination of the data showed that there were a number of other outliers which were also  characterised by the presence of mental health facilities, see paper TAGRA (2012)07. It also became apparent that an important driver for outliers appeared to be the number of long-stay patients. Investigation of the records for these long-stay patients showed that a significant proportion had an identical hospital datazone and patient datazone. Thus, the recorded patient’s datazone is very likely not the datazone of origin.  Specifically around 6.3% of long-stay activity for the under 65s had a patient datazone identical to the hospital datazone.  This proportion was found to vary by hospital (a range of 0% to 27.8%) and by board (see further detailed data in Annex 3).  
This issue was found to also affect the over 65s.  Across Scotland there are 9% of long-stay patients over 65 whose datazone is identical to the treating facility’s datazone. The ratios vary from 0% to almost 53% by hospital.
This suggests that there are differences in coding practices between hospitals and that a varying proportion of data records do not provide an address of origin of the patient’s in long-stay facilities. 
This potentially created a problem for the analysis.  The regression is intended to establish the relationship between the need for mental health treatment (represented by utilisation) and the characteristics of the local socio-economic environment (represented by the needs indices).  However, if the patient’s home address is recorded as the hospital address then a higher level of incidence (patients in a hospital) is erroneously attributed to the relevant data zone.  As the level of incidence of mental health is very much higher than that implied by the needs indicators, this shows up as an outlier in the regression results.  

In order to avoid this data coding problem the sub-group agreed to omit long-stay patients from the analysis and use the rest of the data (short-stay and outpatients) on the incidence of mental health utilisation as a proxy for all mental health treatment.  The key assumption is that relative short-stay plus outpatients utilisation provides a reasonably good representation of the relative need for all mental health utilisation. That is, where total mental health utilisation is high, short-stay and outpatients utilisation will also be high and vice versa.  If this is the case we would be able to ensure a better statistical relationship between the indicators of need and the variation in the treatment of mental health problems.  

This meant that much of the work programme had to be repeated using the recalculated cost ratios.  This was one of the main reasons for the over-run in delivering the work programme. 

Functional form 
Initially, based on the full dataset including long-stay MH&LD activity some work was carried out to examine different functional forms including generalised linear models and log transformations. The current model is a linear regression model on log transformed cost ratios. However, log transformations were dismissed by the sub-group since back transforming mean values as computed with transformed values does not yield mean values in the original space. Moreover, the technique of “smearing” did not seem to remedy this in a satisfactory way. This problem is avoided when using generalised linear models. However, since it is very time consuming to compare different functional forms, no conclusions had been reached yet about their usefulness by the time the outlier observations have been made. 

After removing long-stay MH&LD activity the sub-group discussed the merits of alternative functional forms for the regression equations. The Analytical Support Team reflected on the advantages and disadvantages of the alternative approaches and  recommended the use of linear models only without any transformations of the dependent variable for future analysis.  

The main reasons for this were :


1. Predictive power: A key objective of the analysis for the formula is that of predicting need in the range of varying local environments across Scotland. [DN: Discussion with academic colleague Professor Matt Sutton suggested that research has shown that the linear approach performs equally well in terms of prediction than alternatives.  – we have asked Matt to provide the references] 

2. Simplicity and transparency: In line with core criteria of TAGRA the linear approach without transformations is the more transparent in allowing us to trace though the implications of variation in the needs index to variation in the predicted value.  

3. Resource constraints: Comparing alternative functional forms is difficult and therefore time consuming.  Even if a specific functional form is judged better with a particular set of variables, a change in the variables will require the comparison of functional form to be made again.  The discussion of the outliers provides an example: because of the discovery of the effect of the mental health facilities the entire analysis has to be re-run.  If we were to test the alternative functional forms again it would multiply the analysis and therefore the resources or time required for the work.  

The sub-group therefore agreed to go forward with the analysis on the basis of a linear approach without transformations. 
Further information about the discussion can be found in paper TMLC12, which is available from the TAGRA website
.
This rest of this chapter sets out the results of the analysis that was carried out using the recalculated cost ratios (after exclusion of long-stay MH&LD patients and splitting of sample by age). It is this analysis which forms the basis of the recommendations made by the sub-group. For the record, and in case any of the analysis is useful for other purposes, the results using the entire data set are available in the papers from the sub-group which can be accessed on the TAGRA website.  

Following the review of the work programme (referred to as stage 1 in the sub-group papers), it was agreed to proceed with the analysis within a further 3 stages:

· Defining the needs variables

· Defining the appropriate aggregation – geography and time period

· Testing for an urban-rural effect

Defining the supply variables

The role of supply variables within the models is to capture additional activity or lack of activity due to health care supply rather than need. Before removing long-stay patients from the MH&LD dataset some work has been carried out around this. The tested variables did not improve the model if compared to the

current set of supply variables. After identifying the different coding practices of hospitals around MH&LD long-stay patients it was decided by the sub-group not to investigate further whether new supply variables can be found due to time constraints. Thus, the supply variables are identical to the ones in the current model, which are: inpatient supply, outpatient supply, and NHS Board dummies.
Defining the needs variables 

A wide range of needs variables was analysed in order to identify which variables are most appropriate for explaining MH&LD health care need in the MLC adjustment. The process of testing and selecting preferred variables included testing the stability of the needs variables across the urban –rural categories.

Defining the appropriate aggregation – geography and time period
For statistical modelling purposes it is desirable to divide Scotland into homogeneous neighbourhoods in terms of needs to best establish the relationship between the needs index and health care need. However, it is necessary to ensure that these neighbourhoods show enough activity, otherwise the model cannot pick up differences in need for those low risk neighbourhoods, which in turn can affect the estimated relationship between the needs index and health care need. Spatial aggregation bears the risk of losing homogeneity, while aggregation over time decreases the model's responsiveness to changes in service delivery or need.

Two choices of geographies were examined: datazones and intermediate geographies. Scotland is divided into 6505 datazones and 1235 intermediate geographies, which are composed of around 5 datazones each.

For the time span the options “single year” and “3 years’ aggregation” were considered.

Testing for an urban-rural effect

There are several ways of capturing differences of urban and rural areas within the model. One is to allow urban and rural areas to show a different relationship of the needs index to health care need or to have different needs indices altogether, effectively fitting two different lines into the data. However, this approach has been dismissed by TAGRA at the meeting on 12th December 2011, stating that it would be preferable to have a common set of indicators across all areas, rather than attempting to develop different measures in urban and rural areas.

Thus, at the last stage of the programme we simply tested whether it is sensible to add urban/rural markers to the model, which adjust the health care need of each rural area within the same urban/rural category by a constant amount, rather than allowing for different relationships altogether. 
Several definitions of urbanity and rurality have been developed for different purposes. For the last stage of the analysis the sub-group concentrated on the definitions developed by NHS Highland with the following categories:
· Urban areas: settlements of at least 10,000 people or at least 3,000 people within 30 min drive to a settlement of at least 10,000 people.

· Accessible rural areas: 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 areas: settlements of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.
Based on this a twofold urban/rural marker has been examined as well:

· Urban areas: as above.

· Rural areas: all the other non-urban categories, i.e., accessible rural, remote small towns, remote rural.
Note that remote small towns count as rural as well. The reasoning behind this is that remote small towns tend not to provide mental health facilities and are thus expected to be different to other urban areas within Scotland.
Overall structure of the models

For both age groups the models for estimating MH&LD hospital care have the following structure:
· Dependent variable: The dependent variable is simply the variable which is to be predicted, which in this case amounts to hospital activity expressed as age/sex standardised cost ratio restricted to the age groups under consideration.
· Needs index: The needs index is the most influential part of the model for resource allocation. The higher the needs index of a given neighbourhood is, the more resources will be allocated to it. The coefficient for the needs index as calculated by the model will determine by how much the health care need is expected to increase if the needs index is increased by one unit.
· Supply variables: Health care activity depends on both need and supply. The purpose of supply variables within the model is to capture activity (or missing activity) due to supply and differences in service provision for NHS Boards. They correct the coefficient of the needs index, but their model coefficient is not used for budget allocations. After recalculating cost ratios without long-stay patients it was decided to simply keep the current supply variables due to time constraints. The current supply variables are inpatient access (referring to all hospitals, all care programmes), outpatient access (referring to all hospitals, all care programmes), and NHS Board dummies.
· Functional form: The model is a linear regression model without transformations. This means that a straight line is fitted through the data points, minimising squared distances (errors) between the line and the data points.

· Geographical unit: The geographical unit describes the neighbourhoods the model is based on. All the values for the needs index, supply variables and dependent variable are calculated for the chosen neighbourhoods.
· Time span: The time span reflects the time period used for the dependent variable in the model.
(i) The Under 65 Population  
Stage 1: Defining the needs variables
The sub-group recommend four needs indicators: employment domain of the Scottish Index of Multiple Deprivation (employ), crime domain of the Scottish Index of Multiple Deprivation (crime), hospital admissions due to alcohol use (alcohol) and standardised mortality ratios with mental health as cause of death (SMR_MH) restricted to the under 65s.  

These four variables were normalised to produce z-scores which were then summed to create a single needs index.  The variables employ and crime are two of the seven domains which make up the Scottish Index of Multiple Deprivation (SIMD).  When SIMD was considered in the model, it was found not to explain a great deal of the variation in the data and so the seven individual domains were then explored with employ and crime emerging as the most suitable subset of these.  Employ is comprised of claimant counts of unemployment benefits and although the sub-group has expressed some concern that this variable is subject to political change, it still remains that mental health is one of the most common reasons for individuals to claim unemployment benefits and so this variable gives strength to the predictive power of the model.

Prior to the analysis, hospital admissions due to alcohol use (alcohol) and drug use (drugs) were thought to be important potential indicators as well as more traditional measures of deprivation such as SIMD.  At Scotland level, the explanatory power of a model with SIMD as the only needs variable was 2.8% greater than that of a model with alcohol and drugs as the needs variables.  SIMD also achieved greater explanatory power than alcohol and drugs in urban areas (SIMD 3.19% greater), but this pattern was reversed for accessible rural (alcohol and drugs 0.8% greater) and remote rural areas (alcohol and drugs 2.1% greater), where SIMD often doesn’t perform as well.  Drugs was found to be non significant in the model and so only alcohol was included in the recommended model.
SMR was felt to be a good indicator of health in general and the restriction of this to the 0-64 age group in particular and with mental health as cause of death makes it particularly relevant for this care programme.

The recommended model had one of the best overall model fits of 42.98% (measured as adjusted R2, where 0% denotes no fit at all and 100% denotes perfect fit).  The fit was found to improve marginally when all seven SIMD domains were included in the model and when job seekers allowance (JSA) rates were included. However many of these variables had perverse signs of their coefficients and the income domain of SIMD and JSA were actually not statistically significant at Scotland level when included in this much larger model.  

The variables in the recommended model were also tested across different urban-rural categories. It was the stability of the sign of the coefficients and statistical significance of each variable which were assessed while retaining good fit and intuitive expectations.

It should be noted that in the recommended model, SMR_MH(<65) has a perverse sign in one of the 4 urban-rural categories which led the analytical team to exclude this originally.  However as SMR_MH(<65) was felt by the sub-group to be an important indicator of healthcare need, it has been retained in the model. 

More details can be found in Annex 4.

Stage 2: Defining the appropriate aggregation – geography and time period
The sub-group recommend using intermediate geographies as the geographical basis for calculation and 3 years’ aggregated data instead of single year data.  
This combination of time span and geography produced a model fit of 60.1%, the highest of all other combinations.  However as increased model fit is to an extent to be expected with increased aggregation of the data, this higher R2 was not in itself a criterion on which the sub-group based its recommendation. While datazones are known to be more socio-economically homogenous by construction, there are a great number of datazones with zero activity, especially in single year data, which is not found at intermediate geography level. Specifically 7.3% of datazones have zero activity in at least one single year which would not be the case if averaged over 3 years, while intermediate geographies actually have no zero activity in single year data (see Annex 4, Table Annex 4.11 for more details). Using datazones could present the problem of the model not being able to distinguish between genuine zero activity and zero activity due to chance. 

From a statistical viewpoint, the results for time span aggregation do not strongly favour either choice. At intermediate geography level, looking at the difference of the slope between single year data and 3 years’ aggregated data, there is no statistical evidence to prevent a move to 3 years.  Also, when looking at differences between model predictions and actual values, 3 year aggregated data predictions were the closest to each single year’s actual values in most cases.  

The choice of time span presented a choice between two of TAGRA’s core criteria: stability that comes with using 3 years’ aggregated data and the responsiveness with single years data.  While the current model utilises single years data, the recommended model in this analysis differs from this on a number of fronts (in terms of indicators used, implementation of an age split and removal of long-stay patients) that retaining single years data on the basis of it being the current time span may be an inappropriate approach.  As the MH&LD MLC component of the NRAC formula is static for three years after it has been updated, the benefits of having more responsive data at the time of the update are outweighed by having stability between updates.

More details can be found in Annex 4.

Stage 3: Testing for an urban-rural effect

The sub-group recommends not including urban-rural markers in the model.

Although urban-rural markers do not diminish the predictive power or fit of the model, they do not offer much improvement either.  The model fit is less than 1% higher with the markers than without; and the predictive power, although in favour of urban-rural markers in more rural areas, is very similar.  With regards to the markers themselves, the twofold marker is significant in the model, but not all of the markers in the fourfold marker set are statistically significant (at the 5% level). This suggests the fourfold markers may not be able to capture urban-rural needs appropriately.  The urban-rural markers also do not impact significantly (at the 5% level) on the slope of the needs index in the recommended model.
Due to conflicting theories discussed amongst the sub-group around which areas would intuitively be expected to have higher healthcare need, there is no frame of reference for the sign of the coefficient for the markers.  And so while urban-rural markers are not unlikely candidates for predicting healthcare need from an intuitive point of view, their role is not fully understood. 

Given the lack of impact on the slope of the needs index, and given conflicting views of sub-group members, there was thus no strong evidence in favour of increasing the complexity of the model by adding urban-rural markers.
More details can be found in Annex 4.

Description of the recommended model for the under 65 population
The recommended model for predicting Mental Health & Learning Difficulties hospital care need for the ages under 65 is a linear regression model based on the following:
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Linear regression model MHLD_under65s:

· Needs index: mhld_under65s (sum of z-scores of “standardised mortality ratios with mental health as cause of death (SMR_MH) restricted to the under 65s” (SMR_MH), “hospital admissions due to alcohol” (Alc), employment domain of the SIMD (employ), crime domain of the SIMD (crime)) 
· Supply variables: inpatient access, outpatient access, NHS Board dummies

· Dependent variable: age/sex standardised cost ratios for ages under 65 based on outpatient and short-stay (i.e., less than half a year of stay) inpatient MH&LD hospital activity
· Geographical unit: intermediate geographies

· Weight: population aged under 65

· Time span: 3 years’ aggregation

The needs index “mhld_under65s” refers specifically to ages under 65 and is different from the current model (which considers all ages at the same time).

The supply variables have not been subject to further investigations and are kept unchanged to the ones in the current model.

The dependent variable measures hospital activity expressed as cost ratio. Ideally, this should be based on all Mental Health & Learning Difficulties hospital activity for the ages under 65. As previously stated, the need to provide health care to patients who stay in a hospital for more than half a year is not easily measurable since the patient’s origin may not be traceable any more. Half a year is the threshold for changing residency as defined by the National Records of Scotland. However, in practice NHS Boards continue paying for their patients, even if they are treated for more than half a year within another NHS Board. Thus, it seems appropriate to approximate all of the Mental Health & Learning Difficulties hospital care need with a model based on short-stay inpatients and outpatients only. Compared to the current model the dependent variable changed in three ways: it only refers to activity for the ages under 65, it does not contain long-stay patients, and the cost ratios are not log transformed any more.

The geographical unit remains unchanged after analysis showed that there was a considerable number of datazones with no activity.
The time span is recommended to be changed. The current model uses one year as time span. Given that after the age split the underlying activity is reduced, an increase in time span looks more appropriate in order to increase stability.
(ii) The 65 and Over Population 

Stage 1: Defining the needs variables
The sub-group recommend two needs indicators: “standardised mortality ratio for ages 65 and over” (SMR 65+) and “hospital admissions due to alcohol” (ALC). 
For the final model, these two needs indicators will be normalised to “z-scores” which is a method of placing a score in the context of another score, before being added together to create one single needs index.
On theoretical grounds, the mortality ratio is widely accepted to be a good indicator for a population’s health in general, and the restriction to ages 65 and over makes it even more relevant for the age group under consideration. In contrast to the under 65s work, the mortality ratio was not restricted to deaths due to mental health reasons. Dementia is fairly common within the 65 and over age group, but it is rarely the direct cause of death. This resulted in concerns about the consistency of coding and the under recording of dementia.  
For the second indicator recent research (AAIC 2012, abstracts O4-08-06, O4-08-05
) suggests that alcohol increases the chance of developing dementia, which is the dominating diagnostic group within mental health for this age group. 
A technical examination showed that the chosen model was one of the best performing ones with an overall model fit of 24.4% (measured as adjusted R2, where 0% denotes no fit at all and 100% denotes perfect fit). The model fit could be slightly improved by adding the Scottish Index of Multiple Deprivation (SIMD) or attendance allowance (AA). However, the SIMD was found to be not statistically significant on Scotland level in the model containing SMR, ALC and SIMD. When looking at the model containing SMR, ALC and AA, the attendance allowance (AA) was statistically significant on Scotland level.  Regression analysis on rural categories showed AA as being not statistically significant and with a perverse sign across models/rural categories, and was thus dismissed. One should note that in the chosen model (SMR 65+, ALC) the ALC component was insignificant in rural areas as well. However, as research has shown the importance of alcohol, and since in the final model the two indicators will be combined into one index, the sub-group recommends SMR 65+ and ALC as the two components of the needs index for the ages 65 and over.
One should also note that the overall model fit for urban and rural areas was similarly good, however, in rural areas most of the variation was explained by supply variables, making it very hard to judge the performance of indices in rural areas. The additional explanatory power of the needs indices in the chosen model was 10.5% in urban areas, and only 2.9% in rural areas, and Scotland wide 9.7%. For alternative needs indices the values were similarly low in rural areas. Although out of scope for this project, this seems to indicate that interactive terms of needs indices and urban/rural indicators currently hardly improve measuring health care need for mental health and learning difficulties in a hospital setting in rural areas for the age group 65 and over.
More details can be found in Annex 5.

Stage 2: Defining the appropriate aggregation – geography and time period
The sub-group recommend using intermediate geographies as geographical unit for the model and 3 years’ aggregated data rather than one year only.

When looking at 3 years’ aggregated data, the overall model fit (measured as the adjusted R2) was 24.4% on intermediate geography level, compared to 10.4% on datazone level. Although a drop of the model fit was to be expected, the sub-group felt that a model fit of only 10.4% was too low to be considered and preferred intermediate geographies. Moreover, disaggregation also increased the number of neighbourhoods with zero activity by a fair amount (see Table Annex 5.8), posing the risk that the model is not able to pick up differences in need between them.
Disaggregating in time (switching to single years) reduced the model fit as well. The adjusted R2 (model fit) dropped to values between 12.9% and 15.9% on intermediate geography level, depending on the year. On the other hand, a “single year” model is intuitively more responsive to changes in service provision or need. However, after combining the two needs indicators “standardised mortality ratio for ages 65 and over” (SMR 65+) and “hospital admissions due to alcohol” (ALC) into one index (mhld_65plus), the coefficients of the single year models and the three years’ model were quite similar in spite of the recent shift from hospital care into community care. In terms of predictive power (i.e., predicting one year’s actual cost ratios with the model values from a different year or time span), the “three years’ average” model performed better than the “single year” model, although the difference in performance was small.
The three years’ model is the sub-group’s preference since it adds more stability into estimating the coefficient for the needs index, thus giving more planning stability to the NHS Boards, while currently not compromising responsiveness in a significant way. As the MH&LD MLC component of the NRAC formula is static for three years after it has been updated, the benefits of having more responsive data at the time of the update are outweighed by having stability between updates.

More details can be found in Annex 5.

Stage 3: Testing for an urban-rural effect

As previously explained, it was only tested whether to add urban/rural indicator variables to the model. The sub-group recommend using no urban/rural indicators.

The overall adjusted R2 (model fit) is almost identical between models with or without urban/rural indicators, and the coefficient of the needs index does not change significantly (at the 5% level). Also, the overall predictive power is almost identical on Scotland level. If one breaks down the predictive power by urban/rural category, then one gets a slight improvement for the rural categories after adding urban/rural indicators. This is simply due to the fact that the impact of the indicators on the needs coefficient is very small, thus producing similar predictions for the urban category, while moving the predictions for rural areas closer to the observed urban/rural cost split. Therefore, the small improvement of predictive power in rural areas can be attributed to the fact that the observed urban/rural cost split has not changed much over the years. Thus, it cannot be concluded that the model picks up health care needs in rural areas in a better way.
Overall, the sub-group felt that there was no compelling argument to include urban/rural indicators since the performance of the alternative models were very similar. Conflicting thoughts around what should intuitively be expected from the inclusion of urban-rural markers also led to the sub-group’s recommendation not to include them.
More details can be found in Annex 5.

Description of the recommended model for ages 65 and over
The recommended model for predicting Mental Health & Learning Difficulties hospital care need for the ages 65 and over is a linear regression model based on the following:

 Evaluating the models for both age cohorts with the TAGRA core criteria
Equity: The chosen models are amongst the best in terms of model fit. There is no evidence that adding urban/rural indicators increase equity in a significant way. Moreover, the split of the activity into age groups under 65 and 65 and over makes the obtained models more equitable as the current model, since it is apparent from the current analysis that for these two different age groups one needs to look into different indices.
Practicality: Mortality ratios can be calculated routinely based on the National Records of Scotland (NRS) death data, and the hospital admissions due to alcohol are part of the SIMD health component which, along with the crime and employment domains, are updated around every three years. Thus, the model is based on robust data and easily updateable if it follows the SIMD time pattern for updates.
Transparency: The decision process and evidence is documented in papers and minutes available online, and also within this final report.
Objectivity: The mortality ratio is a good measure for health, and research has demonstrated that excess alcohol consumption leads to a higher risk for developing dementia. The SIMD components are designed to provide an objective indicator of the pattern of variation in deprivation across Scotland. Moreover, employment deprivation is composed of information on benefits, and it is known that a high proportion of those receiving benefits do so because of mental health reasons.
Avoiding perverse incentives: Only indices which can be manipulated by NHS Boards may have the potential to create perverse incentives. This is certainly not given for the mortality ratio or SIMD components. Also, hospital admissions due to alcohol are based on information at the time of discharge of the patient. 
Relevance: The models are based on MH&LD short-stay inpatients and outpatients only. Long-stay patients are excluded from the models because they might appear as being residents of their treating facility, thus their origin is not traceable. The need for overall MH&LD hospital care will be approximated by the need for short-stay inpatient and outpatient care. 
Stability: Relying on three years’ aggregated data is the most stable option which has been considered.
Responsiveness: Intuitively the model using a single year as time span is expected to be more responsive. However, between the years 2007 to 2009 the three year model and the one year model yield similar results in spite of a shift in care provision. Thus, the model relying on three years’ aggregated data appears to be responsive enough for the examined years. Also, given that the MLC indices are updated every three years only, there is a strong interest in stability between the updates.
Face validity: Relationships used in the models between mortality, alcohol and deprivation on the one hand and the need for Mental Health & Learning Difficulties services are intuitively plausible and in line with common expectations. 
CHAPTER 3 

OTHER RELEVANT ISSUES

(i) Implications for other MLC adjustments

The work carried out for this care programme has provided a significant amount of learning that will be useful in reviewing the other MLC adjustments, particularly the Acute programme which will be undertaken next. 

Functional form 
The decision made here to use a linear functional form could be deemed applicable to the future sub-group work on Acute and other care programmes.

Outliers 

The issues that were discovered in relation to the outliers, coding issues and long-stay patients may equally turn out to be relevant in other care programmes, so a recommendation would be to examine this aspect of the data before getting the work programme underway, to avoid losing time on fruitless work. 

(ii) Recommendations on frequency of updating 
The sub-group noted that the most appropriate frequency for updating the analysis may not be a strict 3-yearly programme, but rather should be based on when new data becomes available on key explanatory variables – e.g. the SIMD.

(iii) The NHSGGC project
The sub-group recognises the extensive analysis on morbidity and life circumstances which has been carried out by the Robertson Centre for Biostatistics (RCB) on behalf of NHS Greater Glasgow & Clyde.  They will be considering the findings with interest and suggest that the RCB be invited to present their research to the first meeting of the next phase of the work.  
CHAPTER 4 

RECOMMENDATIONS FOR TAGRA  
Recommendation 1: The MLC adjustment should be undertaken separately for the under 65 and the 65 and over age cohorts.  
Recommendation 2: The Dependent variable for the estimation of the MLC coefficients should be age/sex standardised cost ratios for short-stay (less than half a year) inpatients and outpatients MH&LD hospital activity (for the relevant age cohort). 

Recommendation 3: The MLC coefficients should be estimated using cost utilisation ratios calculated as an average of the latest 3 years of data. 

Recommendation 4: The MLC coefficients should be estimated using Intermediate Geography as the geographical unit. 

Recommendation 5: The MLC coefficients should be estimated using linear functional form.

Recommendation 6: The needs indicators for the under 65 age cohort should be: 

· SIMD (employment);

· SIMD (crime);

· Hospital admissions due to alcohol;

· Standardised Mortality Rations with Mental Health as a cause of death for ages under 65. 

Recommendation 7 The needs indicators for the 65 and over age cohort should be: 

· Hospital admissions due to alcohol;

· Standardised Mortality Ratio for ages 65 and over 

Recommendation 8: The MLC adjustment updating schedule should take account of the timing of the release of updated data for the dependent variables (e.g. SIMD). 

Table 4.1: Summary of recommendations for TAGRA
	Age Split
	The MLC adjustment should be undertaken separately for the under 65s and 65 and over age cohorts.

	Specialty Split
	Mental Health and Learning Difficulties specialties should continue to be kept together.

	Dependent Variable
	The dependent variable for the estimation of the MLC coefficients should be age/sex standardised cost ratios for MH&LD outpatients and short-stay (less than half a year) inpatients hospital activity (for the relevant age cohort).

	Functional Form
	The MLC coefficients should be estimated using linear functional form.

	Needs Indicators
	Under 65s population:
	65 and over population:

	
	Hospital admissions due to alcohol use;
	Hospital admission due to alcohol use;

	
	Standardised Mortality Ratios with Mental Health as a cause of death for ages under 65;
	Standardised Mortality Ratios for ages 65 and over (all causes).

	
	SIMD (employment);
	 

	
	SIMD (crime).
	 

	Appropriate Aggregation: Geography and Time
	The MLC coefficients should be estimated using intermediate geography as the geographical unit and cost utilisation ratios calculated as an average of the latest 3 years of data.
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ANNEX 2  

THE MLC ADJUSTMENT IN THE NRAC FORMULA
The key objective for the NRAC formula is to measure relative need for healthcare services, so that resources can be allocated accordingly. Relative need is based on an area’s population and other indicators – the age and sex profile of that population, as well as ‘morbidity and life circumstances’ – those factors over and above age and sex which influence an individual’s need for healthcare services. The formula then assesses the differential, unavoidable costs of providing these services across different geographical areas. 

Figure 2
The NRAC Formula
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	Health Board population %
	x
	Relative need due to age-sex profile
	x
	Relative need due to morbidity and life circumstances and other factors
	x
	Relative costs of providing services to different geographical areas
	 =
	NRAC weighted share %


The NRAC formula is built up from the different care programmes which comprise the total spending being allocated. 

· Acute






 
·  Care of the Elderly

·  Mental Health & Learning Difficulties 

·  Maternity

·  Community
Together these five care programmes make up the Hospital and Community Health Services (HCHS).

A separate care programme is:- 

· GP Prescribing

These two parts of the formula (HCHS and GP Prescribing) have different population bases and so are calculated separately, then combined to produce the final target shares.

The MLC adjustment takes account of additional needs over and above those based on age and sex. Health Boards with areas where residents have greater levels of ill health, or are subject to life circumstances that result in ill health, will face increased costs in meeting the increased volume of healthcare activity needed by their populations. 

The way the adjustment is calculated is by looking for the factors that best explain the variation in actual costs of healthcare within small areas for each care programme using statistical regression analysis. That is, the utilisation of healthcare is represented by the ratio of actual costs (taking into account activity type and length of stay in that specific datazone or intermediate geography) to the expected costs (based on the datazone or intermediate geography population and national expected cost per head) and the analysis looks for the indicators which best predict this cost ratio. 

The data used for the MH & LD hospital programme are:-

·  Specialties: general psychiatry, child psychiatry, adolescent psychiatry, psychiatry of old age, learning difficulties

· Activity data is taken from SMR04 and SMR00 – no community data, only hospital data

· Cost information is taken from Cost Book

· Population estimates are taken from GROS
And the indictors within the current needs index for this care programme are:-

· Proportion claiming Severe Disability Allowance (discontinued benefit)

· Proportion in one person households (source: census)

· Proportion in social rented housing (source: census)
The current measures for health care supply are:-

· Inpatient access

· Outpatient access

· NHS Board dummies

The basis of the current adjustment is:-
· Geography: intermediate geographies (1235 within Scotland)

· Age: one factor for all ages

· Cost ratios: log transformed

· Aggregation over all MH&LD specialties

· Time span: one year’s data 
ANNEX 3 

Mental Health MLC Outlier analysis 

This annex is an extract of Paper TMLC12 which was sent out to TAGRA MLC sub-group members. The paper described the problems around long-stay patients creating outliers.
1. At the recent meeting of the sub-group, members expressed concern at three ‘outlier’ observations apparent in the charts (presented in paper TMCL10) and asked for further analysis to understand the reasons for these outliers.  

2. Exploration of the data showed that these three worst outliers for the under 65s contain hospital facilities for mental health (see Table 1 below). 

Table Annex 3.1: Mental Health MLC Regression Outliers <65

	DATAZONE
	NHS Board
	IZ name
	simdscore
	simdrank
	Remark

	S01005048
	Tayside
	Gannochy and Walnut Grove
	9.28583
	4850
	Contains Murray Royal Hospital

	S01005739
	Lanarkshire
	Carstairs, Carstairs Junction and Carnwath
	30.5459
	1543
	Contains state hospital

	S01003169
	GG&C
	Pollok South and West
	15.367
	3543
	Contains Leverndale Hospital


3. Close examination of the data showed that there were a number of other outliers which were characterised by the presence of mental health facilities.  It also became apparent that an important driver for outliers appears to be the number of long-stay patients - defined as a patient with an episode of at least 183 days (half a year – the NRS threshold for changing residency).  

4. Investigation of the records for these long-stay patients showed that a significant proportion had an identical hospital datazone and patient datazone.  Specifically around 6.3% of long-stay activity for the under 65s had a patient datazone identical to the hospital datazone.  This proportion was found to vary by hospital (a range of 0% to 27.8%) and by board (see data in Table 2 below).  
5. This suggests that there are differences in coding practices between hospitals and that a varying proportion of data records do not provide an address of origin of the patient. 
Table Annex 3.2: Ratio of activity (count of episodes) in the year 09/10 showing the same hospital and patient datazone (< 65 patients)

	NHS Board of treatment
	Long-Stay %
	Short-Stay %
	Outpatients %

	Ayrshire & Arran
	4.4
	0.1
	3.6

	Borders
	0.0
	0.4
	5.6

	Fife
	6.8
	0.5
	1.4

	Greater Glasgow & Clyde
	4.2
	0.4
	0.9

	Highland
	1.8
	1.0
	9.7

	Lanarkshire
	4.4
	0.8
	1.1

	Grampian
	9.5
	1.2
	2.6

	Orkney
	n/a
	n/a
	12.9

	Lothian
	4.7
	1
	2.1

	Tayside
	19.1
	0.9
	5.1

	Forth Valley
	11.0
	0.9
	1.4

	Western Isles
	0.0
	8.7
	3.8

	Dumfries & Galloway
	13.9
	0.2
	3.6

	Shetland
	n/a
	n/a
	0.0

	Scotland
	6.3
	0.7
	2.6


Note: The outpatient “same datazone” ratio sits somewhere in between the long-stay and short-stay ratio, and the interpretation of this is unclear. It might again show different coding practices, or it might show the need of outpatients to move closer to their place of treatment.

6. This potentially creates a problem for the analysis.  The regression is intended to establish the relationship between the need for mental health treatment (represented by utilisation) and the characteristics of the local socio-economic environment (represented by the needs indices).  However, if the patient’s address is recorded as the hospital address then a higher level of incidence (patients in a hospital) is erroneously attributed to the relevant data zone.  As the level of incidence of mental health is very much higher than that implied by the needs indicators, this shows up as an outlier in the regression results.  

7. It is not necessarily the case that the existence of these outliers will bias the estimated coefficients (which represent the relationship between mental health care utilisation and the needs indicators).  However, we are concerned that the pervasiveness of the effect, coupled with the fact that it is not randomly distributed across the health boards could be an issue.  We therefore believe that we need to undertake additional analysis. 

8. One response might be to adjust the equation, possibly by adding a more direct supply variable; however this would remain compromised by the fact that the proportion of patients coded as living at the hospital varies in a non-random way across the country.  

9. In order to avoid this data coding problem we propose omitting long-stay patients from the analysis and using rest of the data (short-stay and outpatients) on the incidence of mental health utilisation as a proxy for all mental health treatment.  The key assumption is that relative short-stay plus outpatients utilisation would provide a reasonably good representation of the relative need for all mental health utilisation.  That is, where total mental health utilisation is high, short-stay and outpatients utilisation will also be high and vice versa.  If this is the case we would be able to ensure a better statistical relationship between the indicators of need and the variation in the treatment of mental health problems.  

10. Note that the over 65s are similarly affected by this coding practice as reflected in an email exchange.  Across Scotland there are 9% of long-stay patients over 65 whose datazone is identical to the treating facility’s datazone. The ratios vary from 0% to almost 53% by hospital.
11. Work has already been undertaken to recalculate the cost ratios for the analysis so, if the group agrees with this approach, the work could proceed rapidly.  The suggested work programme is outlined in the table below. 

Table Annex 3.3: Suggested work outline with new dependent variable

	Steps:
	Age under 65
	Age 65 and over

	1.
	Reconsider needs indicators with data zones and 3 yr time span
	Reconsider needs indicators with inter-mediate geography and 3 yr time span

	2. 
	Assess time/geography with chosen needs indicator
	Assess time with chosen needs indicator

	3.
	Check urban/rural markers with best model from steps 1&2
	Check urban/rural markers with best model from steps 1&2


AST propose omitting long-stay patients to estimate the statistical relationship between the indicators of need and mental health treatment.
ANNEX 4 

Results using short stay inpatients and outpatients only, age group under 65s

The variable set for the under 65s age cohort was comprised of the following 12 indicators:
· Scottish Index of Multiple Deprivation: SIMD (2009).

· All individual components of SIMD: health, access, crime, employment, income, education and housing.

· Standardised mortality ratios for ages 0-64 with mental health as cause of death: SMR_MH(<65).
· Job seeker’s allowance rates: JSA.

· Hospital admission due to alcohol use: alcohol.

· Hospital admissions due to drug use: drugs.

The current MH&LD model uses discontinued benefits data as part of its needs index, and it aims to predict the log transformed cost ratios rather than the cost ratios (see Annex 2). Moreover, it is based on activity for all age groups, and not restricted to ages under 65 and ages 65 and over. Thus, there was the need to create a model for both age groups separately whose index components were as closely related as possible to the current model index, and which does not use any transformations.
For ages under 65 the reference model below was suggested by the group which was designed to mimic the existing model as closely as possible using currently available indicators.  This model provided a base for evaluating the performance of all further models incorporating the variables above, particularly in the stage of defining the needs index of the work programme. The reference model is a linear regression model and is comprised of:
Needs index: sum of z scores of the following 3 components: social rented housing, single adult discount,  benefits claimed (including Severe Disability Allowance, Incapacity Benefit, Employment & Support Allowance)

Supply variables: inpatient access (all specialties, not restricted to mental health), outpatient access (all specialties, not restricted to mental health), NHS Board indicator variables

Dependent variable: age/sex standardised cost ratios for ages 0-64 based on outpatient and short stay (less than half a year of stay) inpatient MH&LD hospital activity
Weight: population aged under 65

Before commencing the analysis, it was agreed that the model should initially be based on datazones as these were more likely to capture small pockets of deprivation and therefore highlight the best predictors among the variable set above.  The appropriate geographical base (a choice between datazones and intermediate geographies) would be explored in a later stage of the work programme.  Naturally this constrained the variable set to those available at datazone level.  Furthermore, the sub-group agreed to select appropriate variables based on their theoretical relationship with MH&LD health care need as well as their performance from a statistical viewpoint.
It was also agreed to use urban/rural indicators in order to examine urban/rural effects within the models. Several definitions of urbanity and rurality have been developed for different purposes. For the last stage of the analysis the sub-group concentrated on the definitions developed by NHS Highland with the following categories:

· Urban areas: settlements of at least 10,000 people or at least 3,000 people within 30 min drive to a settlement of at least 10,000 people.

· Accessible rural areas: 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 areas: settlements of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.
Based on this a twofold urban/rural marker has been examined as well:

· Urban areas: as above.

· Rural areas: all the other non-urban categories, i.e., accessible rural, remote small towns, remote rural.
Note that remote small towns count as rural as well. The reasoning behind this is that remote small towns tend not to provide mental health facilities and are thus expected to be different to other urban areas within Scotland.
Results for stage 1: Defining the needs variables

Table 4.1 shows the model fit (measured by adjusted R2 where 0% denotes no fit at all and 100% denotes perfect fit) for the selection of models proposed by the work programme at Scotland level and also in the 4 urban rural categories defined by NHS highland.

Table Annex 4.1: 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 
	0.3778
	0.3912
	0.1882
	0.3514
	0.1743

	SIMD Domains, SMR_MH(<65), JSA 
	0.4360
	0.4529
	0.2474
	0.3780
	0.2427

	Alcohol and Drugs 
	0.3494
	0.3593
	0.1960
	0.2970
	0.1962

	Alcohol, Drugs, SIMD 
	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.
SIMD overall deprivation exceeds the reference model in only one region – remote small towns.  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.

When alcohol and drugs were added to the model with SIMD, this model exceeded the reference model Scotland wide and in urban and remote small towns.  However, this model does not show a great increase in fit from the model with only SIMD (less than 2% increase) and drugs is now not significant in the model across all three rural regions.  SIMD is also not significant in remote rural areas.

The model comprised of all SIMD domains, JSA and SMR_MH(<65) 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 (Table 4.2).  Added to this is the issue that not all variables are significant in the model, with different variables achieving significance across different regions. 

Table Annex 4.2: Beta coefficient sign across urban-rural categories.

	Variable
	Scotland
	Urban
	Accessible Rural
	Remote Small Towns
	Remote Rural

	SMR_MH(<65)
	+
	+
	+
	-
	+

	SIMD access
	-
	-
	-
	+
	-

	SIMD crime
	+
	+
	+
	+
	+

	SIMD employ
	+
	+
	+
	+
	+

	SIMD health
	+
	+
	+
	-
	-

	SIMD income
	-
	-
	+
	+
	+

	SIMD education
	-
	-
	-
	-
	-

	SIMD housing
	+
	+
	+
	+
	-

	JSA
	+
	+
	-
	-
	-

	Alcohol
	+
	+
	+
	+
	+


Only four of the variables in Table 4.2 are stable across urban-rural categories: the employment, education and crime domains of SIMD and hospital admission due to alcohol use.  These four variables were found to exceed the reference model across all regions except remote rural areas (Table 4.3).  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).  This led to education being dropped from the analysis (Table 4.3).

Table Annex 4.3: 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 
	0.4361
	0.4472
	0.2347
	0.3811
	0.2218

	crime, employment, alcohol 
	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.
The sub-group favoured a model comprised of the individual domains of SIMD rather than the overall SIMD,  but requested SMR_MH(<65) to be retained on the grounds of its strong theoretical links with healthcare need in this context.  Table 4.4 shows the model fit for the three new model variants with their previous versions at Scotland level.  

Table Annex 4.4: Adjusted R2 Scotland and Urban areas 

	Model
	Adjusted  R2: Scotland 
	Added explanatory power

	Reference
	38.81%
	31.01%

	SIMD domains, JSA, SMR_MH(<65)
	43.60%
	35.80%

	SIMD domains, JSA, SMR_MH(<65) + alcohol
	44.00%
	36.20%

	crime , employ, education, alcohol 
	43.61%
	35.81%

	crime , employ, education, alcohol + SMR_MH(<65)
	43.37%
	35.57%

	crime , employ, alcohol
	42.75%
	34.95%

	crime , employ, alcohol + SMR_MH(<65)
	42.98%
	35.18%


As the difference between the best and worst performing models from Table 4.4 is marginal, there was therefore little to choose between these models on the basis of R2.  Stability and significance was the explored (Table 4.5).
Table Annex 4.5: Needs coefficients with negative signs or insignificance

	SIMD domains, JSA, SMR_MH(<65) + alcohol
	Scotland 
	crime, employ, education, alcohol + SMR_MH(<65)
	Scotland 
	crime, employ, alcohol + SMR_MH(<65)
	Scotland 

	SMR
	
	SMR
	
	SMR
	

	access
	ng
	crime
	
	crime
	

	crime
	
	employment
	
	employment
	

	employment
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	alcohol
	
	
	
	
	


The model with crime, employ, alcohol and SMR_MH(<65) was the only model form Table 4.5 to have no perverse signs or non significant variables.
Results for stage 2: Defining the appropriate aggregation – geography and time period
Moving on with the chosen needs variables – crime, employ, alcohol and SMR_MH(<65) - these four indicators were normalised to produce z scores which were then summed to create a single needs index which will be referred to as the short stay index from here on.

Time Span
The stage 2 analysis was conducted at datazone level to better reflect pockets of deprivation when assessing a range of possible indicators and used 3 years’ aggregated data to then decrease the number of datazones with zero activity.  The following tables show a comparison of results when single year data is used.  
Table Annex 4.6: Change of slope and adjusted R2.

	(Datazone)
	 
	2007
	2008
	2009
	3 year average

	short-stay index
	Slope
	0.155
	0.172
	0.151
	0.159

	
	Sig diff?
	no
	yes
	no
	n/a

	 
	
	
	
	
	

	 
	Adj. R2
	26.1%
	27.3%
	24.2%
	38.8%


Table Annex 4.7: Change of slope and adjusted R2.

	(Intermediate Geography)
	2007
	2008
	2009
	3 year average

	short-stay index
	Slope
	0.114
	0.123
	0.114
	0.117

	
	Sig Diff?
	no
	no
	no
	n/a

	 
	
	
	
	
	

	 
	Adj. R2
	49.2%
	49.8%
	47.8%
	60.1%


There is no statistical evidence to prevent a move to 3 years’ aggregated data at intermediate geography level (Table 4.7) while at datazone level, the model using only 2008 data produces a significantly different slope for the short stay needs index (Table 4.6)
In order to explore the predictive power of the short stay index model, fitted model values have been compared to actual values by averaging absolute differences (with population as weight) and also by averaging squared differences (with population as weight).  This is shown in tables 4.8 and 4.9.  The diagonal values correspond to the year of the fitted model equalling the year of the actual values and are shown in italics as they are of course expected to have small values.  The measure of absolute differences treats each distance equally while the measure of squared differences is more sensitive to outliers.  The best values for each column (after the ‘same year’ values shown in italics) are shown in bold.

Table Annex 4.8: Differences between predictions and actual values (datazone).

	weighted average of absolute differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.618
	0.655
	0.661
	0.486

	2008
	0.627
	0.661
	0.671
	0.492

	2009
	0.622
	0.657
	0.658
	0.487

	3 year average
	0.621
	0.657
	0.662
	0.487

	 
	
	
	
	 

	weighted average of squared differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.752
	0.888
	0.874
	0.458

	2008
	0.759
	0.881
	0.877
	0.459

	2009
	0.759
	0.892
	0.867
	0.459

	3 year average
	0.754
	0.884
	0.870
	0.456


Table Annex 4.9: Differences between predictions and actual values (intermediate geography).

	weighted average of absolute differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.324
	0.347
	0.356
	0.268

	2008
	0.330
	0.348
	0.360
	0.271

	2009
	0.330
	0.354
	0.353
	0.273

	3 year average
	0.325
	0.348
	0.355
	0.268

	 
	
	
	
	 

	weighted average of squared differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.187
	0.225
	0.227
	0.134

	2008
	0.193
	0.220
	0.227
	0.135

	2009
	0.195
	0.228
	0.219
	0.135

	3 year average
	0.189
	0.222
	0.222
	0.132


From the measure of squared differences, the 3 year averaged predictions have the smallest distance (after the diagonal values) for all years across both geographies.  Within the measure of absolute differences, the 2007 predictions emerge on top in some cases, but 3 year averaged predictions are not far behind.

Geography 
As the data at intermediate geography has less ‘noise’ it is unsurprising that a much higher R2 is achieved at this level (Table 4.10).

Table Annex 4.10: Adjusted R2 by Geography.

	 
	Intermediate Geography
	Datazone

	
	adjusted R2
	added explanatory power of needs index
	adjusted R2
	added explanatory power of needs index

	reference
	58.54%
	40.89%
	38.81%
	30.80%

	short-stay index model
	60.09%
	42.44%
	38.84%
	30.83%


The higher R2 should not necessarily in itself be a criterion to choose between the two geographies since it is, to an extent, to be expected.  One desirable quality of a geographical base for calculation is that it is as homogenous as possible and datazones are known to be the more socio-economically homogeneous of the two geographies by construction.  However, there are 478 datazones in this analysis (7.3% of total observations) with zero activity in at least one single year’s data which would not be the case if averaged over 3 years (see table below for more information).  This means that models based on single year data at datazone level could fail to discriminate between these zones, causing models to be insensitive to certain types of variation.  It should also be noted that low activity data is a problem for the same reasons. Intermediate geographies are less homogenous than datazones, but do not have the same problem of unreliable data values with no zero activity observations in single year data.  

The next table shows the number of neighbourhoods with no MH&LD outpatient/short-stay inpatient hospital activity in given time spans. There are 1235 intermediate geographies and 6505 datazones in Scotland (where one datazone has no population).

Table Annex 4.11 – Count of neighbourhoods with no MH&LD activity, ages under 65
	 
	2007
	2008
	2009
	aggregated 2007-09

	datazone
	179
	177
	211
	7

	intermediate geography
	0
	0
	0
	0


Results for stage 3: Testing for an urban-rural effect
This stage of the analysis aimed to determine whether urban-rural markers should be included in the model to predict healthcare need. Two kinds of urban-rural markers have been considered:
Highland fourfold urban/rural markers:

· Urban areas - settlements of at least 10,000 people or at least 3,000 people within 30 min drive to a settlement of at least 10,000 people.

· Accessible rural areas - 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 areas - settlements of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.

Twofold urban/rural markers:

· Urban – as defined above.

· Rural – accessible rural areas, remote small towns and remote rural areas combined.
There are therefore three variations considered:

· ‘Short stay index model’ which has no urban/rural markers
· ‘Highland marker model’ which adds the Highland fourfold urban/rural markers to the short stay index model 
· ‘Twofold marker model’ which adds the twofold urban/rural markers to the short stay index model.

All following analysis is based on intermediate geographies and 3 years’ aggregated data.
The inclusion of either type of urban-rural markers does not produce a significant difference in the coefficient of the short stay needs index at the 5% level (Table Annex 4.12).
Table Annex 4.12: Effect of urban/rural markers on needs variable: short stay index.

	 Model
	Needs  index coefficient
	Robust standard error
	Significantly different at 5% level?

	short stay index (no markers)
	0.117
	0.0059
	n/a

	Highland markers
	0.114
	0.0060
	no

	Twofold markers
	0.115
	0.0059
	no


As for the coefficients for the urban-rural markers themselves, the results are shown in Table 4.13 below.  Note that the marker coefficients are estimated (and should be interpreted) as the difference between the specific urban-rural category and the urban category.  The coefficient for the rural marker in the twofold marker model is significant at the 1% level (Table 4.13).  Although the accessible rural and remote rural markers are significant at the 5% level, the remote small towns marker is not significant at this level and so it is doubtful that the Highland markers model is able to capture urban-rural need appropriately.

Table Annex 4.13: Assessing the slopes and significance of urban/rural markers.
	Highland marker model
	Marker coefficient
	Robust standard error
	P-value

	accessible rural
	-0.154
	0.0322
	0.000

	remote small towns
	0.063
	0.0624
	0.317

	remote rural
	-0.110
	0.0430
	0.011

	 
	 
	 
	 

	Twofold marker model
	Marker coefficient
	Robust standard error
	P-value

	rural
	-0.115
	0.0301
	0.000

	
	 
	 
	 


In order to explore the predictive power of the three models (no markers/ Highland markers/ twofold markers), fitted model values have been compared to actual values from individual years and 3 years’ aggregated data.  Two measures of the difference between fitted values and actual values have been used here: averaging absolute differences (with population as weight) and averaging squared differences (with population as weight).  The measure of absolute differences treats each distance as equal whereas squared differences are more sensitive to outliers.  The actual and predicted values for the relevant urban-rural categories are taken from the full model estimated across all geographies. Best values are shown in bold. 

At Scotland level and in urban areas, the predictive power between the three models is very similar (Table 4.14).  For rural areas however, some predictive power is gained using urban-rural markers with the Highland model producing the best values in most cases.

Finally, the adjusted R2 between all three models is very similar (Table 4.14).  The Highland marker model achieves the highest R2, but the explanatory power added is less than 1% greater than the short stay index model with no urban-rural markers.  
Table Annex 4.14: see next page.
Table Annex 4.15: Goodness of fit across models, Scotland wide.

	 
	Adjusted R2
	Added explanatory power

	No markers
	60.09%
	43.46%

	Highland markers
	60.75%
	44.12%

	Twofold markers
	60.46%
	43.83%


Table Annex 4.14: Differences between model predictions and actual values. 

	Weighted average of absolute differences 
	Weighted average of squared differences 

	Scotland
	2007
	2008
	2009
	3 year average
	Scotland
	2007
	2008
	2009
	3 year average

	No markers
	0.325
	0.348
	0.355
	0.268
	No markers
	0.189
	0.222
	0.222
	0.132

	Highland markers
	0.325
	0.347
	0.351
	0.266
	Highland markers
	0.187
	0.220
	0.218
	0.130

	Twofold markers
	0.325
	0.348
	0.352
	0.267
	Twofold markers
	0.188
	0.221
	0.219
	0.131

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Urban
	2007
	2008
	2009
	3 year average
	Urban
	2007
	2008
	2009
	3 year average

	No markers
	0.333
	0.359
	0.364
	0.278
	No markers
	0.202
	0.241
	0.236
	0.144

	Highland markers
	0.337
	0.362
	0.364
	0.280
	Highland markers
	0.202
	0.240
	0.234
	0.143

	Twofold markers
	0.337
	0.362
	0.364
	0.280
	Twofold markers
	0.203
	0.241
	0.234
	0.144

	 
	
	
	
	
	 
	
	
	
	 

	Accessible Rural
	2007
	2008
	2009
	3 year average
	Accessible Rural
	2007
	2008
	2009
	3 year average

	No markers
	0.281
	0.282
	0.311
	0.229
	No markers
	0.128
	0.122
	0.157
	0.083

	Highland markers
	0.260
	0.265
	0.283
	0.204
	Highland markers
	0.114
	0.116
	0.146
	0.073

	Twofold markers
	0.263
	0.268
	0.289
	0.206
	Twofold markers
	0.116
	0.116
	0.147
	0.074

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Remote Small Towns
	2007
	2008
	2009
	3 year average
	Remote Small Towns
	2007
	2008
	2009
	3 year average

	No markers
	0.398
	0.413
	0.408
	0.298
	No markers
	0.243
	0.248
	0.276
	0.142

	Highland markers
	0.411
	0.404
	0.397
	0.302
	Highland markers
	0.240
	0.241
	0.254
	0.131

	Twofold markers
	0.397
	0.416
	0.408
	0.309
	Twofold markers
	0.250
	0.260
	0.292
	0.153

	
	
	
	
	
	
	
	
	
	

	Remote Rural
	2007
	2008
	2009
	3 year average
	Remote Rural
	2007
	2008
	2009
	3 year average

	No markers
	0.257
	0.285
	0.289
	0.192
	No markers
	0.101
	0.139
	0.120
	0.061

	Highland markers
	0.242
	0.274
	0.281
	0.182
	Highland markers
	0.094
	0.138
	0.117
	0.058

	Twofold markers
	0.243
	0.276
	0.284
	0.184
	Twofold markers
	0.095
	0.137
	0.117
	0.058

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	All Rural Areas
	2007
	2008
	2009
	3 year average
	All Rural Areas
	2007
	2008
	2009
	3 year average

	No markers
	0.295
	0.306
	0.322
	0.231
	No markers
	0.141
	0.149
	0.167
	0.087

	Highland markers
	0.282
	0.292
	0.302
	0.215
	Highland markers
	0.131
	0.144
	0.157
	0.079

	Twofold markers
	0.281
	0.296
	0.309
	0.218
	Twofold markers
	0.134
	0.147
	0.164
	0.083

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


ANNEX 5
Results using short-stay inpatients and outpatients only, age group 65 and over
The current MH&LD model uses discontinued benefits data as part of its needs index, and it aims to predict the log transformed cost ratios rather than the cost ratios (see Annex 2). Moreover, it was based on activity for all age groups, and not restricted to ages under 65 and ages 65 and over. Thus, there was the need to create a model for both age groups separately, whose index components were as closely related as possible to the current model index, and which does not use any transformations.

For the ages 65 and over the following linear regression model has been defined as reference model in order to mimic as closely as possible the current MH&LD model:

Needs index: sum of z scores of the following 3 components: social rented housing, single adult discount,  benefits claimed (including Severe Disability Allowance, Incapacity Benefit, Employment & Support Allowance)
Supply variables: inpatient access (all specialties, not restricted to mental health), outpatient access (all specialties, not restricted to mental health), NHS Board indicator variables

Dependent variable: age/sex standardised cost ratios for ages 65 and over based on outpatient and short-stay (less than half a year of stay) inpatient MH&LD hospital activity
Weight: population aged 65 and over

Before starting the analysis, a set of candidate indicators had to be defined. It was agreed that the model should be based on either datazones (6505 within Scotland) or intermediate geographies (1235 within Scotland; each being composed of around 5 datazones). Therefore, the set of candidate indicators was constrained by the fact that they need to be available on datazone level or intermediate geography level. Moreover, the sub-group agreed to select indicators which have a theoretical link to MH&LD difficulties, rather than to undertake a data mining exercise to identify indicators which may be not clearly connected to MH&LD but which perform well in a statistical sense.
For the over 65 population in addition to the reference model indicators the following needs indices were considered:

· Scottish Index of Multiple Deprivation (SIMD)

· Separate SIMD components (access, crime, employment, health, income, education, housing, GP drive time as part of access deprivation)

· Hospital admissions due to alcohol (part of SIMD health component) (ALC)
· Hospital admissions due to drugs (part of SIMD health component)

· Attendance Allowance (AA)
· Guaranteed Pension Credit

· Standardised Mortality ratio for ages 65 and over (SMR)
It was furthermore agreed to use urban/rural indicators in order to examine urban/rural effects within the models. Several definitions of urbanity and rurality have been developed for different purposes. For the last stage of the analysis the sub-group concentrated on the definitions developed by NHS Highland with the following categories:

· Urban areas: settlements of at least 10,000 people or at least 3,000 people within 30 min drive to a settlement of at least 10,000 people.

· Accessible rural areas: 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 areas: settlements of less than 3,000 people, and with a drive time of over 30 minutes to a settlement of 10,000 or more.
Based on this a twofold urban/rural marker has been examined as well:

· Urban areas: as above.

· Rural areas: all the other non-urban categories, i.e., accessible rural, remote small towns, remote rural.
Note that remote small towns count as rural as well. The reasoning behind this is that remote small towns tend not to provide mental health facilities and are thus expected to be different to other urban areas within Scotland.
Results for stage 1: Defining the needs variables
For the age group 65 and over the needs indices were examined on intermediate geographies only with a time span of three years. This was chosen due to the reduced amount of activity, leading to a number of neighbourhoods without activity when disaggregating over time or space (see Table Annex 5.8).
The first table displays the model fit and needs contribution on Scotland level for various different models. Model fit is measured as adjusted R2 (values range between 0% and 100%, 100% denoting perfect fit). The contribution of the needs variables is calculated as the difference between model fits of the full model and the supply model, which is the first model in the table.
Table Annex 5.1: Needs Variables Regressions: adjusted R2 

	Model:
	Included Variables:
	Adj. R2
	Implied 'needs' contribution
	Comments

	Supply model
	Supply variables
	14.7%
	n/a
	assesses the contribution of the non-needs variables

	
	Health board variables
	
	
	

	Reference model
	Social rented housing
	20.6%
	5.9%
	reference model intended to reflect the current adjustment with up-to-date data

	
	Single adult discount
	
	
	

	
	Benefits claimed
	
	
	

	Aggregate deprivation model
	Overall SIMD
	19.0%
	4.3%
	

	Unconstrained deprivation model
	Separate SIMD components (access, crime, employment, health, income, GP drive-time, education, housing)
	23.4%
	8.7%
	education has perverse sign; only access, health and education significant at the 5% level

	Health deprivation model
	SIMD health
	21.3%
	6.6%
	

	Attendance Allowance Model
	Attendance Allowance low/high/combined rates
	17.4%
	2.7%
	alternative combinations of low, high and total AA give similar results

	Pensioner poverty model
	Guaranteed pension credit
	21.0%
	6.3%
	

	Mortality model
	SMR 65+
	22.8%
	8.1%
	

	Alcohol model
	Alcohol admissions
	20.8%
	6.1%
	

	Alcohol and drugs model
	Alcohol admissions
	20.9%
	6.2%
	drugs not significant and with a perverse sign

	
	Drugs admissions
	
	
	

	Mortality and alcohol model
	Alcohol admissions
	24.6%
	9.9%
	

	
	SMR 65+
	
	
	

	Combination model: 1
	SIMD
	24.3%
	9.6%
	pension credit and SIMD not significant

	
	Attendance Allowance
	
	
	

	
	Guaranteed pension credit
	
	
	

	
	SMR 65+
	
	
	

	Combination model: 2
	SIMD health
	24.3%
	9.6%
	pension credit and SIMD health not significant

	
	Attendance Allowance
	
	
	

	
	Guaranteed pension credit
	
	
	

	
	SMR 65+
	
	
	

	Combination model: 3
	Attendance Allowance
	24.3%
	9.6%
	

	
	SIMD health
	
	
	

	
	SMR 65+
	
	
	

	Combination model: 4
	SIMD health
	24.1%
	9.4%
	

	
	SMR 65+
	
	
	


Since the SMR 65+ was the best performing single indicator, and since mortality ratios are widely used to measure quality of health, the following combination models have been further examined on both Scotland level and on urban/rural categories:
Table Annex 5.2: Needs Variables Regressions - Scotland Level, Adjusted R2
	Model
	Adjusted R2
	Additional explanatory power

	Reference
	20.6%
	5.9%

	Model 1 (SIMD, Alc, AA, SMR 65+)
	24.7%
	10.0%

	Model 2 (SIMD, Alc, SMR 65+)
	24.4%
	9.8%

	Model 3 (SIMD, AA, SMR 65+)
	23.8%
	9.1%

	Model 4 (Alc, AA, SMR 65+)
	24.7%
	10.0%

	Model 5 (SMR 65+, Alc)
	24.4%
	9.7%

	Model 6 (AA, SMR 65+)
	23.3%
	8.6%

	Model 7 (SIMD, SMR 65+)
	23.4%
	8.7%

	Model 8 (SMR 65+)
	22.8%
	8.1%

	Number of observations
	1,235


Using the urban/rural definitions from above, all eight models from above have been fitted to urban areas and rural areas separately.
Table Annex 5.3: Needs Variables Regressions - Urban and Rural, Adjusted R2
	 
	Urban 


	Rural 



	Model
	Adjusted R2
	Additional explanatory power
	Adjusted R2
	Additional explanatory power

	Reference
	19.7%
	5.8%
	22.7%
	1.5%

	Model 1 (SIMD, Alc, AA, SMR 65+)
	24.6%
	10.7%
	24.7%
	3.5%

	Model 2 (SIMD, Alc, SMR 65+)
	24.4%
	10.5%
	24.9%
	3.7%

	Model 3 (SIMD, AA, SMR 65+)
	23.9%
	9.9%
	24.3%
	3.1%

	Model 4 (Alc, AA, SMR 65+)
	24.6%
	10.7%
	23.8%
	2.6%

	Model 5 (SMR 65+, Alc)
	24.4%
	10.5%
	24.1%
	2.9%

	Model 6 (AA, SMR 65+)
	23.2%
	9.3%
	24.0%
	2.8%

	Model 7 (SIMD, SMR 65+)
	23.6%
	9.7%
	24.5%
	3.3%

	Model 8 (SMR 65+)
	22.8%
	8.9%
	24.3%
	3.1%

	Number of observations
	958
	277


The additional power of the needs indices in rural areas is very small. Thus, the needs indices do not pick up much of a difference within rural areas. Note that this does not imply that rural areas are not fairly compared to urban areas.

This table also shows that one cannot expect too much from adding an interactive term of a rural indicator and a needs indicator, effectively fitting two different lines for urban and for rural areas. However, this has not been properly tested since it was out of scope.

Again, following above definitions the rural areas have been split up into three categories, and models have been fitted to these categories separately.

Table 5.4: Needs Variables Regressions – Rural categories, Adjusted R2
	 
	Accessible rural
	Remote small towns 
	Remote rural areas

	Model
	Adj. R2
	Additional explanatory power
	Adj. R2
	Additional explanatory power
	Adj. R2
	Additional explanatory power

	Reference
	4.9%
	-0.4%
	26.6%
	-1.8%
	33.6%
	-0.4%

	Model 1 (SIMD, Alc, AA, SMR 65+)
	7.8%
	2.5%
	40.9%
	12.6%
	32.5%
	-1.6%

	Model 2 (SIMD, Alc, SMR 65+)
	6.8%
	1.5%
	42.5%
	14.2%
	33.4%
	-0.7%

	Model 3 (SIMD, AA, SMR 65+)
	8.0%
	2.6%
	40.9%
	12.5%
	32.0%
	-2.0%

	Model 4 (Alc, AA, SMR 65+)
	7.9%
	2.5%
	40.0%
	11.6%
	31.7%
	-2.4%

	Model 5 (SMR 65+, Alc)
	6.6%
	1.3%
	41.5%
	13.1%
	32.4%
	-1.6%

	Model 6 (AA, SMR 65+)
	8.5%
	3.2%
	36.9%
	8.5%
	32.2%
	-1.8%

	Model 7 (SIMD, SMR 65+)
	7.1%
	1.8%
	42.5%
	14.1%
	33.0%
	-1.1%

	Model 8 (SMR 65+)
	7.3%
	2.0%
	38.6%
	10.2%
	33.1%
	-1.0%

	Number of observations
	145
	50
	82


The following table summarises the behaviour of the coefficients of the needs variables across models and urban-rural categories.  Note that the numbers of observations in the disaggregated rural areas are much smaller than the other categories which restricts the degrees of freedom.  For example the category ‘remote rural areas’ has 82 intermediate geographies spanning 11 health boards. Unless otherwise stated the calculated coefficients were statistically significant at the 5% level and with the expected sign.
Table Annex 5.5: Needs coefficients – negative signs and insignificance.

	Indicator
	Model
	Scotland
	Urban
	Rural
	Accessible rural
	Remote small towns 
	Remote rural areas

	SIMD
	1
	ng/ns
	ng/ns
	ng/ns
	ng/ns
	ng/ns
	ns

	
	2
	ng/ns
	ng/ns
	ng/ns
	ng/ns
	ng/ns
	ng/ns

	
	3
	
	
	ng/ns
	ng/ns
	ng/ns
	ng/ns

	
	7
	
	
	ng/ns
	ng/ns
	ns
	ng/ns

	SIMD - health
	7hs
	
	
	ns
	ng/ns
	ng
	na

	Alc
	1
	
	
	ns
	ns
	
	ns

	
	2
	
	
	
	
	
	ns

	
	4
	
	
	ns
	ns
	ng/ns
	ns

	
	5
	
	
	ns
	ns
	ng/ns
	ns

	AA
	1
	
	
	ns
	
	
	ns

	
	3
	
	
	ns
	ng/ns
	ng/ns
	ng/ns

	
	4
	
	
	ns
	ng/ns
	ns
	ng/ns

	
	6
	
	
	ns
	ng/ns
	ng/ns
	ng/ns

	SMR 65+
	1
	
	
	
	
	
	ns

	
	2
	
	
	
	
	
	ns

	
	3
	
	
	
	
	
	ns

	
	4
	
	
	
	
	
	ng/ns

	
	5
	
	
	
	
	
	ng/ns

	
	6
	
	
	
	
	
	ns

	
	7
	
	
	
	
	
	ns

	
	7hs
	
	
	
	
	
	ng/ns

	
	8
	
	
	
	
	
	ng/ns


Note: ng = negative coefficient; ns = not statistically significant; model 7hs is model 7 with Health-SIMD in place of overall SIMD. 

The main findings are that:

· The SIMD coefficient was generally found to have the wrong sign and to be statistically insignificant across models/rural geographies (even at the Scotland level in two models);

· The coefficient on Attendance Allowance had similar problems in rural areas in most models;

· The coefficient on Alcohol Admissions was insignificant across rural areas in most models;

· The coefficient on SMR 65+ was always significant and with the correct sign except in the ‘remote rural areas’.

Results for stage 2: Defining the appropriate aggregation – geography and time period
Moving on with the chosen needs index composed of SMR 65+ and alcohol hospital admissions, it was tested which geography and which time span to use. From here on, a model using SMR 65+ and alcohol hospital admissions as two separate needs indices will be called Model SMRAlc. ). 

Model  SMRAlc: 

· needs indicators: “standardised mortality ratio for the over 65s (SMR 65+)” and “hospital admissions due to alcohol (Alc)”

· supply variables: inpatient access, outpatient access, NHS Board dummies

· dependent variable: age/sex standardised cost ratios for ages 65 and over based on outpatient and short-stay (less than half a year of stay) inpatient MH&LD hospital activity

The candidates for geography were “datazones” and “intermediate geographies”. Scotland is divided into 6505 datazones and 1235 intermediate geographies, where each intermediate geography is composed of around 5 datazones. The benefit of datazones is that they are more homogeneous which is very desirable for modelling purposes, while intermediate geographies may offer more stability as they are larger.
The following table shows the model fit of the Model SMRAlc as measured with the adjusted R2 (values ranging from 0% to 100% where 100% denotes the perfect fit). The fit is displayed for datazones and intermediate geographies for the years 2007, 2008, 2009 and aggregated 2007-2009.

Table Annex 5.6 – Adjusted R2 of Model SMRAlc

	 
	2007
	2008
	2009
	aggregated 2007-2009

	datazone
	4.8%
	4.9%
	4.2%
	10.4%

	intermediate geography
	13.0%
	15.9%
	12.9%
	24.4%


The following table shows the additional explanatory power of the needs variables (SMR and Alcohol) for the Model SMRAlc. The additional power is measured as difference of the adjusted R2 of the full model as displayed in Table A.1 and the adjusted R2 of the model where the needs variables have been removed. The values are displayed for datazones and intermediate geographies for the years 2007, 2008, 2009 and aggregated 2007-2009.

Table Annex 5.7 – Additional explanatory power of needs variables in Model SMRAlc

	 
	2007
	2008
	2009
	aggregated 2007-2009

	datazone
	2.4%
	2.4%
	2.4%
	6.1%

	intermediate geography
	4.0%
	5.7%
	5.2%
	9.7%


While the additional explanatory power is already quite modest for the combination intermediate geography/aggregated 2007-2009, disaggregation in time or space makes it look even poorer.
The next table shows the number of neighbourhoods with no MH&LD outpatient/short-stay inpatient hospital activity in given time spans. There are 1235 intermediate geographies and 6505 datazones in Scotland (where one datazone has no population).

Table Annex 5.8 – Count of neighbourhoods with no MH&LD activity, ages 65 and over
	 
	2007
	2008
	2009
	aggregated 2007-2009

	datazone
	1339
	1162
	1137
	226

	intermediate geography
	6
	9
	4
	0


Overall, the sub-group felt that switching to datazones would increase volatility too much, with no obvious benefits.

For the final model, the two needs indicators SMR 65+ and Alc will be normalised to “z-scores” which is a method of placing a score in the context of another score, before being added together to create one single needs index. A model using the sum of z-scores of these two indicators as one single needs index will be called Model SMRAlc_combined.

Model  SMRAlc_combined: 

· needs indicator: mhld_65plus (sum of z scores of “standardised mortality ratio for the over 65s (SMR 65+)” and “hospital admissions due to alcohol (Alc)”)

· supply variables: inpatient access, outpatient access, NHS Board dummies

· dependent variable: age/sex standardised cost ratios for ages 65 and over based on outpatient and short-stay (less than half a year of stay) inpatient MH&LD hospital activity
In order to observe the change of slope over time, Model SMRAlc_combined has been examined. The following table shows the change of the slope for the needs index mhld_65plus for different time spans, along with model fit and additional explanatory power. This table has been produced for intermediate geographies only.
Table Annex 5.9 – Change of slope of needs index in Model SMRAlc_combined, intermediate geographies

	 
	2007
	2008
	2009
	aggregated 2007-2009

	coefficient mhld_65plus
	0.083
	0.100
	0.095
	0.094

	robust std error mhld_65plus
	0.012
	0.011
	0.011
	0.009

	significantly different to aggregated time span (level 5%)?
	no
	no
	no
	n/a

	model fit (adj. R2)
	13.0%
	15.9%
	13.0%
	24.3%

	additional explanatory power
	4.0%
	5.8%
	5.3%
	9.6%


As to be expected, both model fit and additional explanatory power are increased for the 3 year aggregated time span. The slopes of the single years are all within the 95% confidence interval of the slope of the aggregated time span. The robust standard error is smallest for the aggregated time span.
In order to examine the predictive power of the models, model values have been compared to actual values. The resulting differences have been treated in two ways: one is to average over the absolute values of the differences (with population as weight), and the other one is to average over the squared differences (with population as weight). The absolute values treat each distance equally, while the squared values punish outliers more than small deviations.

Values are shown for the two models SMRAlc and SMRAlc_combined. Model predictions from 2007, 2008, 2009 and the aggregation 2007-2009 have been compared to actual values from 2007, 2008, 2009 and the aggregation 2007-2009. The values on the diagonal (meaning “year of fitted model” is equal to “year of actual values” are almost always best and are printed in italic. For any given year of actual values the best result off the diagonal is printed in bold face.
Table Annex 5.10 – Model SMRAlc, absolute differences of predictions and actual values

	Model SMRAlc

	weighted average of absolute differences (weight: population of year with actual values)

	

	 
	year of actual values

	year of fitted model values
	2007
	2008
	2009
	aggregated 2007-2009

	2007
	0.432
	0.448
	0.452
	0.320

	2008
	0.442
	0.433
	0.448
	0.317

	2009
	0.445
	0.438
	0.442
	0.315

	aggregated 2007-2009
	0.435
	0.433
	0.442
	0.309


Table Annex 5.11 – Model SMRAlc, squared differences of predictions and actual values

	Model SMRAlc

	weighted average of squared differences (weight: population of year with actual values)

	

	 
	year of actual values

	year of fitted model values
	2007
	2008
	2009
	aggregated 2007-2009

	2007
	0.321
	0.324
	0.342
	0.169

	2008
	0.337
	0.307
	0.334
	0.166

	2009
	0.337
	0.313
	0.328
	0.166

	aggregated 2007-2009
	0.326
	0.307
	0.327
	0.160


Table Annex 5.12 – Model SMRAlc_combined, absolute differences of predictions and actual values

	Model SMRAlc_combined

	weighted average of absolute differences (weight: population of year with actual values)

	

	 
	year of actual values

	year of fitted model values
	2007
	2008
	2009
	aggregated 2007-2009

	2007
	0.432
	0.448
	0.452
	0.320

	2008
	0.442
	0.433
	0.448
	0.317

	2009
	0.445
	0.438
	0.442
	0.315

	aggregated 2007-2009
	0.435
	0.434
	0.442
	0.310


Table Annex 5.13 – Model SMRAlc_combined, squared differences of predictions and actual values

	Model SMRAlc_combined

	weighted average of squared differences (weight: population of year with actual values)

	

	 
	year of actual values

	year of fitted model values
	2007
	2008
	2009
	aggregated 2007-2009

	2007
	0.321
	0.324
	0.342
	0.169

	2008
	0.337
	0.307
	0.334
	0.166

	2009
	0.337
	0.313
	0.328
	0.166

	aggregated 2007-2009
	0.326
	0.308
	0.328
	0.160


For all models it is the case that the aggregated time span is most predictive for the actual values of the single years, disregarding the diagonal values, although differences are small. 
Results for stage 3: Testing for an urban-rural effect

The third step of the analysis involves examining the benefits of adding rural markers to the model. Two kinds of rural markers have been considered:

· Highland urban/rural markers with the following categories:

· Urban areas: settlements of at least 10,000 people or at least 3,000 people within 30 min drive to a settlement of at least 10,000 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.
· Twofold urban/rural markers with the following categories:

· Urban areas: as above.

· Rural areas: all the other non-urban categories, i.e., accessible rural, remote small towns, remote rural.

Based on the Model SMRAlc_combined, the following variations have been considered:

· Model “No_marker”, which is identical to Model SMRAlc_combined.

· Model “Highland_marker”, which is Model SMRAlc_combined enriched with indicator variables for the categories “accessible rural”, “remote small towns” and “remote rural”.

· Model “Twofold_marker”, which is Model SMRAlc_combined enriched with an indicator variable for “rural areas”.
All the following tables are based on “intermediate geographies” as geographical unit, and “3 years’ aggregation” as time span.

The next table shows the model fit and added explanatory power of the needs index for the Models “No_marker”, “Highland_marker” and “Twofold_marker”. Model fit is measured with the adjusted R2 (values ranging from 0% to 100% where 100% denotes the perfect fit). The additional power measures the difference of the adjusted R2 of the full model as displayed in the first column and the adjusted R2 of the model where the needs variables have been removed. The fit is displayed for intermediate geographies , and the time span is an aggregation of the years 2007-2009. The urban/rural markers are understood as needs variables, contributing to the added explanatory power.

Table Annex 5.14 – Adjusted R2 and added explanatory power of Model SMRAlc_combined with different urban/rural markers, intermediate geographies, 3 years’ aggregation
	 
	 
	added explanatory power of needs variables

	 
	adjusted R2
	

	No_marker
	24.3%
	9.6%

	Highland_marker
	24.7%
	10.1%

	Twofold_marker
	24.6%
	10.0%


The values are shown here are very close together, thus not giving sufficient justification to add urban/rural markers.

The next table shows the impact of adding urban/rural markers on the needs coefficient and robust standard error of the needs index “mhld_65plus”.
Table Annex 5.15 – impact of adding urban/rural markers on the needs index “mhld_65plus” , intermediate geographies, 3 years’ aggregation
	 
	 
	 
	Coefficient significantly different from "No_marker" value for slope (5% level)?

	 
	Needs coefficient
	robust standard error
	

	No_marker
	0.0944
	0.0087
	n/a

	Highland_marker
	0.0895
	0.0087
	no

	Twofold_marker
	0.0862
	0.0358
	no


As can be seen from the table, the needs coefficients are all not significantly different from each other at the 5% level. Here again, no incentive is given to add urban/rural markers.

The following table shows slopes and robust standard errors for urban/rural indicator variables in different models.  In the Models “Highland_marker” and “Twofold_marker” values are fitted relative to urban areas, i.e., the value for urban areas is set to zero.
Table Annex 5.16 – slopes and significance of urban/rural markers, intermediate geographies, 3 years’ aggregation
	Model "Highland_marker"
	 
	 
	 
	 

	 
	
	
	
	
	 

	 
	 
	robust standard error
	
	
	 

	 
	Marker coefficient
	
	remark
	 
	 

	accessible rural
	-0.119
	0.038
	significant at 1% level

	remote small towns
	0.008
	0.074
	not significant at 90% level

	remote rural
	-0.063
	0.058
	not significant at 25% level

	 
	
	
	
	
	 

	Model "Twofold_marker"
	
	
	
	 

	 
	
	
	
	
	 

	 
	 
	robust standard error
	
	
	 

	 
	Marker coefficient
	
	remark
	 
	 

	rural
	-0.086
	0.036
	significant at 2% level


Two of the three urban-rural variables in four-fold “Highland_marker” model are not significant at the 5% level. One of them, “remote small towns” is even not significant at the 90% level, and the other one, “remote rural areas”, is insignificant at the 25% level. This renders the “Highland_marker” model to an unlikely candidate for capturing urban/rural needs.

In the two-fold model the rural marker coefficient is significant only at the 5% level.

In order to examine the predictive power of the models, model values have been compared to actual values. The resulting differences have been treated in two ways: one is to average over the absolute values of the differences (with population aged 65 and over as weight), and the other one is to average over the squared differences (with population aged 65 and over as weight). The absolute values treat each distance equally, while the squared values punish outliers more than small deviations.

Values are shown for the three models “No_marker”, “Highland_marker” and “Twofold_marker”. Model predictions from these three models have been compared to actual values from 2007, 2008, 2009 and the aggregation 2007-2009.  Models are estimated across all IG and the predictive power is calculated for urban-rural categories by selecting predicted and actual values for that category only.  Best values are highlighted in boldface.
To examine the impact of predictions on different areas within Scotland, weighted averages have been calculated restricted to urban/rural categories. Note that the Scotland model predictions were used here as well in order to determine how close the predictions are to actual values. The reason for this is simply that the Scotland model will be used for budget allocations in the end.

Table Annex 5.17 – Predictive power of different models, intermediate geographies, 3 years’ aggregation
	Weighted average of absolute differences, Scotland
	Weighted average of squared differences, Scotland

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.435
	0.434
	0.442
	0.310
	No_marker
	0.326
	0.308
	0.328
	0.160

	Highland_marker
	0.434
	0.432
	0.440
	0.308
	Highland_marker
	0.325
	0.306
	0.327
	0.159

	Twofold_marker
	0.435
	0.433
	0.441
	0.309
	Twofold_marker
	0.325
	0.307
	0.327
	0.160

	Weighted average of absolute differences, urban areas
	Weighted average of squared differences, urban areas

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.438
	0.434
	0.441
	0.312
	No_marker
	0.325
	0.314
	0.330
	0.161

	Highland_marker
	0.440
	0.436
	0.441
	0.312
	Highland_marker
	0.324
	0.314
	0.329
	0.160

	Twofold_marker
	0.440
	0.436
	0.441
	0.312
	Twofold_marker
	0.324
	0.314
	0.329
	0.160

	Weighted average of absolute differences, accessible rural areas
	Weighted average of squared differences, accessible rural areas

	
	

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.447
	0.436
	0.431
	0.296
	No_marker
	0.338
	0.276
	0.302
	0.151

	Highland_marker
	0.433
	0.406
	0.414
	0.281
	Highland_marker
	0.336
	0.260
	0.298
	0.144

	Twofold_marker
	0.435
	0.418
	0.419
	0.285
	Twofold_marker
	0.334
	0.265
	0.298
	0.145

	Weighted average of absolute differences, remote small towns
	Weighted average of squared differences, remote small towns

	
	

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.447
	0.382
	0.490
	0.318
	No_marker
	0.299
	0.241
	0.391
	0.171

	Highland_marker
	0.448
	0.386
	0.495
	0.325
	Highland_marker
	0.297
	0.239
	0.395
	0.171

	Twofold_marker
	0.455
	0.378
	0.492
	0.322
	Twofold_marker
	0.312
	0.245
	0.395
	0.178

	Weighted average of absolute differences, remote rural areas
	Weighted average of squared differences, remote rural areas

	
	

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.374
	0.471
	0.440
	0.304
	No_marker
	0.335
	0.340
	0.306
	0.163

	Highland_marker
	0.371
	0.468
	0.435
	0.299
	Highland_marker
	0.335
	0.341
	0.305
	0.163

	Twofold_marker
	0.370
	0.464
	0.433
	0.297
	Twofold_marker
	0.335
	0.338
	0.304
	0.162

	Weighted average of absolute differences, all rural areas
	Weighted average of squared differences, all rural areas

	 
	2007
	2008
	2009
	3 year average
	 
	2007
	2008
	2009
	3 year average

	No_marker
	0.425
	0.436
	0.446
	0.303
	No_marker
	0.329
	0.289
	0.321
	0.159

	Highland_marker
	0.417
	0.421
	0.437
	0.295
	Highland_marker
	0.328
	0.281
	0.320
	0.155

	Twofold_marker
	0.419
	0.424
	0.438
	0.296
	Twofold_marker
	0.330
	0.283
	0.320
	0.157


At Scotland level the predictive powers of all the models are extremely close together. Looking at rural areas, a little predictive power is gained through adding urban/rural markers. However, this is due to the fact that the impact of the markers on the slope is very small, thus producing similar predictions for the urban category, while moving the predictions for rural areas closer to the observed urban/rural cost split. 

Similar tables have been produced for models using one year only as time span. They followed a similar pattern, and no new information could be extracted from them.

Annex 6: The NHSGGC project - Executive Summary
The following sections are taken from the final report of the NHS Greater Glasgow & Clyde commissioned project to examine the MLC models for all hospital care programmes (to be published). The authors are Sarah Barry and Alex McConnachie (Robertson Centre for Biostatistics). The extract does not represent the work or views of the TAGRA MLC sub-group.

Background

The target proportional allocation of NHS funds to Greater Glasgow & Clyde (GG&C) Health Board, according to the current National Resource Allocation Committee (NRAC) formula, has for many years been consistently lower than the proportion of health service funds used in GG&C. This discrepancy is of ongoing concern to those working within GG&C and other health boards, as it suggests that the level of resources used within GG&C Health Board is greater than their equitable share. However, given the technicalities involved in deriving the formula, it has proved difficult to determine why this is the case. This led to the Robertson Centre for Biostatistics (RCB) being approached by GG&C Health Board to investigate the reasons for the shortfall and the resulting work is reported here.

Aims and Objectives
The aim of this work was to better understand the relationship between the utilisation of health services and the NRAC allocation, with a particular focus on the morbidity and life circumstances (MLC) adjustment and a view to potentially recommending changes to the NRAC MLC indices in the future.

The objectives of the work were to:
· Review and replicate the current methodology from NRAC;

· Investigate potential improvements to the MLC formula;

· Consider alternative indicators and their performance in predicting utilisation;

· Consider the role of supply variables;

· To determine the impact of the above on the performance of the NRAC formula and NHS Board allocations. 
The work was to begin by looking at the acute services care programme, which is the largest care programme within the NRAC formula, and consider other care programmes as resources allowed. 

Research design and methodology
The initial part of the report describes the methods used in the original NRAC formula and illustrates how the formula is implemented in practice. The data is presented graphically for all boards and for GG&C separately, to give the reader a feel for the relationships between cost and the currently used needs indices.

The report goes on to assess different aspects of the MLC part of the NRAC formula. The Hospital and Community Health Services (HCHS) care groups were considered separately from the Prescribing care group. The formula was assessed from a number of perspectives:
· Goodness of fit of the models of cost on need and whether alternative models could improve the fit, in terms of residual distributions and variance and linearity of associations;
· Adjustment for `unmet need'; i.e. the relative underuse of healthcare services by those with the highest need;

· Adjustment for supply variables in the formula, which was intended to remove the effects of health service utilisation beyond that which can be attributed to need; however, if the association between supply and need varies between NHS boards, this could penalise those boards in which these factors are most strongly associated;

· Adjustment of dummy health board variables in the formula, assumed to represent differences in administration of healthcare between boards but which could also constitute differences in need not explained by the currently used needs indices;

· Alternative needs indicators in place of or in addition to the currently used indices of need.

Data
The Scottish Government and NHS Information Services Division (ISD) made available to the authors the datasets used by Tribal Secta in undertaking NRAC Technical Report D (TR-D), based on 2003-4 activity and 2004 cost data. This consists of in excess of 150 need and supply indicators (some of which are transformed versions of other indicators). Also made available was the data used in the addendum to TR-D and the Delivering Fair Shares for Health in Scotland report, based on the 2004-5 activity and 2005 cost data and consisting of only the needs and supply indicators included in the currently used NRAC formula. The additional needs indicators were also made available by ISD to the authors.

Results
Current target allocations and methods In replicating the current methods the authors found that the current methods of implementing the formula were not always clear in previous reports. There were particular issues around 40 so-called ’excluded' general practices in the prescribing care group, which were treated differently from the other practices, without clear reasons why; and the differential use of unweighted or weighted standardisation of needs indices without stated rationale. 

Despite these issues, the methods were ultimately replicated with rounding discrepancies only. The methods are detailed in the full report and example replications given for a small number of areas.

The essence of the MLC part of the NRAC formula was that for each diagnostic group or specialty within HCHS and prescribing (a total of 16), population-weighted regression models of cost ratio by needs index were fitted for all intermediate datazones (IDZ) in Scotland, adjusting out 17 variables representing supply of healthcare and dummy variables identifying to which health board each IDZ belonged. The target allocation for each datazone was then obtained by calculating the predicted cost ratio based on the corresponding value of the needs index and the regression coefficient for the needs index attained from the model, i.e. the effect of need on cost having adjusted out supply variables. These predictions were weighted by population and aggregated over all datazones within each health board (using appropriate weights) to obtain the board-level MLC index. The overall NRAC formula then incorporated age-sex and excess costs adjustments, aggregating across all care groups, to arrive at the final target allocation for each board.
Descriptive data

The descriptive data shows that 3 of the 16 diagnostic groups/specialties (other acute, acute outpatients, and mental health and learning difficulties) contributed over 50% of the overall MLC. This was in part due to a absence of data on community services, resulting in the community care group contribution to the MLC being made up of parts of the acute services care group. 

The data also shows that, while GG&C (constituting Greater Glasgow and Argyll & Clyde in the 2004/5 dataset) has substantially higher values of all of the needs indices except maternity, its average relationship between cost and need broadly replicates the overall Scotland average. The main exception is mental health and learning difficulties, for which GG&C has somewhat higher costs than the Scotland average, and has a stronger relationship between need and cost. To a lesser extent GG&C also has higher costs than the Scotland average for acute outpatients, though with a weaker relationship

between need and cost.
Improving model fit of current needs indices on cost ratio

The proposed best fitting models were for the most part generalised linear models, which allowed the relationship between cost and need to follow a curved pattern, rather than being restricted to a straight line, and adjusted for differences in cost variability at different levels of need. However, the working group considered that these models were too complex and not transparent enough for the regular allocations updates and that the preference was to stick with linear models.
Impact of adjusting for unmet need
The graphical displays of the data in the descriptive data section showed some evidence of unmet need, in other words a relative underuse of healthcare in areas of highest need. The HCHS circulatory diagnostic group already contained an adjustment for unmet need, based on the data and other

considerations in this particular area. Here the same adjustment was included in the models for other diagnostic groups that showed a drop off in cost at high need. The relationship between cost and need for maternity services went in the other direction and this was adjusted for slightly differently in the model.
The impact of these adjustments was to show slight improvements in model fit for most diagnostic groups, with an increase in the target allocation for GG&C and smaller decreases for several other boards.
Impact of supply variables

The original NRAC formula adjusted 17 supply variables out of the models relating cost to need, for the HCHS diagnostic groups, and 2 out of the models for prescribing. The most recent updates of the formula adjusted the 2 supply variables out of the models for all of HCHS and prescribing and did not

use the other 15.
This report shows that reducing the set of supply variables for HCHS from 17 to 2 leads to worse model fit for all diagnostic groups. An alternative method, of adjusting out only those supply variables that are significantly related to cost, may not be workable due to the complexity of running models with very different sets of supply variables and the fact that these sets would change from year to year. In any case, using different sets of supply variables only improved the model fits by small amounts compared to using all 17. Therefore in order to balance straightforwardness and model fit, the best approach seems to be to use the full set of 17 supply variables for all diagnostic groups.
Impact of health board variables

The dummy health board variables are treated in the NRAC formula as supply variables and adjusted out of the models of cost on need. The rationale for this was that they represent differences in the way that boards administer their healthcare services. The adjustment out of the model of the health board variables was shown to have the same impact on the target allocations regardless of whether the variables were adjusted out as fixed or random effects. Not adjusting out health board made little difference to the target allocations, despite the variables being clearly very important to the models.
Health board could be treated as a needs variable rather than a supply variable. This would assume that it represented an underlying measure of need not captured by the needs indices rather than a measure of administration. The models would not change but the predictions of the target allocations for each area would be based on both the value of the need index for that area and also the health board to which it belonged. Implementing this showed that it resulted in large differences in the health board target allocations, which may be considered as representations of the variability in cost between boards not explained by the needs indices. For example, the target allocation for GG&C increased substantially, showing that that board's costs are generally above the Scotland average, regardless of the value of the needs indices.
It is most likely that the health board variables represent a mixture of supply and need and therefore it may not be appropriate to include them in the predicted target allocations. However, this analysis suggests that there may be more appropriate measures of need that would explain more of the variability in costs than those currently used.
Alternative needs indicators
The alternative needs indicators assessed, after being converted to standardized z-scores, were:

· Standardised mortality ratio under 65 years (SMR65)

· Standardised mortality ratio under 75 years (SMR75)

· The acute index for HCHS based on SMR65 instead of SMR75

· Z-score for SIMD total score

· Z-score for SIMD individual domain subscores (education, health, housing, geography, crime)

· Z-scores for counts of alcohol/drugs/liver-related/external cause deaths and hospitalisations

· Z-scores for counts of alcohol-related deaths and hospitalisations
The single indicator that gave the largest improvements in model fit beyond that achieved with the current needs indices was the SIMD health domain. In addition to the current needs indices, SIMD health improved model fit for all HCHS diagnostic groups except care of the elderly, mental health and learning difficulties and maternity. For these diagnostic groups, SIMD geography, education and crime, respectively, were the single indicators that, in addition with the current needs indices, gave the greatest improvements in model fit.
Diagnostic group specific combinations of alternative needs indicators gave only slightly greater improvements in model fit than the SIMD domains mentioned above. In the interests of simplicity and transparency, it is likely that the use of the current needs indices plus the SIMD health domain would be the measures of need that most explained the variability in costs, of those considered thus far.
Conclusions and recommendations
The data on mental health and learning difficulties needs to be improved and data should be collected on community services rather than a subset of the acute care group being used as a surrogate for community. For the sake of simplicity and transparency, linear models should be kept but could be adjusted for unmet need and quadratic effects where appropriate. The best models should be fitted to the data rather than using a one-size-fits-all approach.
It is more appropriate to adjust out the full set of 17 supply variables than to only adjust out 2. An intermediate set could be considered. The health board dummy variables should continue to be adjusted out of the models, but better alternative needs indicators should be considered to ensure that the dummy variables are measuring supply and healthcare administration, rather than need.
Of the alternative needs indicators assessed in this report, the SIMD health domain in addition to the current needs indices gives the greatest improvement in model fit. It may, however, not be as appropriate for care of the elderly, mental health and learning difficulties and maternity as for the

other HCHS diagnostic groups.
Annex 7 – data for the analysis

The following data has been used for the analysis:

Costs: Cost Book, years 2007/08, 2008/09, 2009/10

MH&LD activity: datasets SMR04 (MH&LD inpatients) and SMR00 restricted to MH&LD (outpatients), years 2007/08, 2008/09, 2009/10
Population: NRS, mid-year estimates for years 2007, 2008 and 2009

Inpatient supply:
Outpatient supply:

SIMD and its components: 

Hospital admissions due to alcohol:

Hospital admissions due to drugs:

Mortality ratios (both age groups):

Linear regression model MHLD_65plus:





Needs index: mhld_65plus (sum of z-scores of “standardised mortality ratio for ages 65 and over” (SMR 65+) and “hospital admissions due to alcohol” (Alc))


Supply variables: inpatient access, outpatient access, NHS Board dummies


Dependent variable: age/sex standardised cost ratios for ages 65 and over based on outpatient and short-stay (i.e., less than half a year of stay) inpatient MH&LD hospital activity


Geographical unit: intermediate geographies


Weight: population aged 65 and over


Time span: 3 years’ aggregation








The needs index “mhld_65plus” refers specifically to ages 65 and over and is different from the current model (which considers all ages at the same time).





The supply variables have not been subject to further investigations and are kept unchanged to the ones in the current model.





The dependent variable measures MH&LD hospital activity expressed as cost ratio. Here again, due to the issue of recording a long-stay patient’s residence, all long-stay inpatient activity has been removed before calculating the dependent variable. Compared to the current model, the dependent variable changed in three ways: it only refers to activity for the ages 65 and over, it does not contain long-stay patients, and the cost ratios are not log transformed any more.





The geographical unit remains unchanged after analysis showed that on datazone level the model explains only a little of the observed variations.





The time span is recommended to be changed. The current model uses one year as time span. As naturally the hospital activity restricted to ages 65 and over is smaller than the overall activity, an increase in time span looks more appropriate in order to increase stability.
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