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INTRODUCTION

Clear indication was given at a meeting held in 1994 at the Health Services Research Centre that a range of government and social agencies required standard measures of deprivation or socio- economic status at a small neighbourhood level (Crampton et al. 1997). The NZDep91 index has been developed to meet this need, and with three principal purposes in mind: resource allocation, research, and advocacy. Indices of deprivation have application in needs-based population-based funding formulae and can be used in research in a variety of settings such as health and other social services. They are also useful for advocacy at a community level. 

For example, in resource allocation, the Health and Equity index of deprivation (Reinken et al. 1985) was introduced into the population-based funding formula for area health boards in the 1992/93 funding year (Jane et al. 1991, Working Group on Special Health Needs for population based funding 1992) following the recommendations of the 1989 review (Department of Health 1989a, Department of Health 1989b). (Recently Health and Equity scores have been dropped from the regional health authority population-based funding formula in favour of standardised mortality ratios (Ministry of Health 199)). Further, in the context of resource allocation, composite indices, particularly the Health and Equity index and the Midland Index of Relative Disadvantage (Kokaua 1993, Kokaua 1994), have been used widely by regional health authorities for health needs assessment; see for example Midland Regional Health Authority (1994). 

Examples of uses of indices of deprivation in health research are numerous, particularly in the United Kingdom. There, associations have been found between area-level deprivation and a range of health status measures, including all-cause mortality, hospital admission, and morbidity (Carstairs and Morris 1989, Eachus et al. 1996, Eames et al. 1993, McLoone and Boddy 1994, Morris and Carstairs 1991). In New Zealand, Hoskins (1990), for example, has demonstrated a strong positive correlation (r = 0.88, 95% confidence interval 0.75-0.94) between the Health and Equity index and standardised hospital admission rates in the Auckland urban area. 

Examples of uses of indices of deprivation in advocacy are also numerous but largely unpublished. For example, a community group in Porirua used the Health and Equity index in their successful tender to the Community Funding Agency for a family centre in Cannons Creek (Cannons Creek Family Service Centre Trust 1993). Similarly, a community-based primary health care organisation used the index to describe their registered patients in contract negotiations with the regional health authority (unpublished report). 

In response to the demand for new measures of deprivation or socio-economic status at a small area level this research was undertaken with the principal aim of developing a new census- based small area measure of deprivation specific to New Zealand. The new small-area-based index of deprivation provides a more sensitive measure of special health needs for the purpose of needs-based resource allocation at both a regional health authority level and a service-provider level. 

This paper firstly outlines some theoretical issues relating to socio-economic status and deprivation, and gives definitions of key concepts. The methods section gives a brief outline of methods used to create the index, and the results section describes the final form of the index and the results of validation exercises. The paper concludes with a brief discussion of some of the advantages and disadvantages of composite indices, and lists some of the current and potential uses for NZDep91. 

THEORETICAL BASIS 

Deprivation refers to relative disadvantage. Townsend (1987) defines deprivation as "a state of observable and demonstrable disadvantage relative to the local community or the wider society or nation to which an individual, family or group belongs". Townsend distinguishes between "material" and "social" deprivation. Material refers to material apparatus, goods, services, resources, amenities and physical environment, and location of life. Social refers to the roles, relationships, functions, customs, rights and responsibilities of membership of society and its subgroups. Material factors include: diet, physical and mental health, clothing, housing, household facilities, environment, and work (conditions, security and amenities). Social factors include: family activities, social support and integration, recreation and education. 

Two concepts related to deprivation are socio-economic status and poverty. Socio-economic status has been defined as a "descriptive term for a person's position in society, which may be expressed on an ordinal scale using such criteria as income, educational level obtained, occupation, value of dwelling place, etc." (Last 1995). Townsend defines poverty as the lack of resources necessary to avoid material and social deprivation (Townsend 1987). Hence, deprivation refers to conditions experienced, socio-economic status refers to social standing, and poverty refers to resources available. 

Deprivation and socio-economic status may be measured at the individual level and at the group level. Individual level measures of socio-economic status include the Elley Irving scale (Elley and Irving 1972, Elley and Irving 1976), and the British Registrar-General scale (Carr-Hill 1990). Group level measures of deprivation available in New Zealand include the Health and Equity Index, which has been used most widely in the health sector (Reinken et al. 1985) and, more recently, the Midland Health Index of Relative Disadvantage was developed by the Midland Regional Health Authority (Kokaua 1993). Across the Tasman, the Australian Bureau of Statistics have developed a set of five composite indices, including an Index of Relative Socio-economic Disadvantage (Castles 1994, McLennan 1990). However, the most work, by far, in the general area of indices of deprivation has been carried out in the United Kingdom, where a number of indices have been used for research and resource allocation since the early 1980s. United Kingdom indices include, amongst others, the Townsend Index, the Jarman Index, and the Scottish Deprivation Index (Morris and Carstairs 1991). 

The negative impact of socio-economic status and deprivation on health at an individual level is well established (Barwick 1992, Feinstein 1993). More recently, area-level, or ecological, effects of socio-economic status have been shown to exert an independent effect on health status, over and above that of individual-level effects of socio-economic status (Anderson et al. 1997). People who live in poor neighbourhoods have higher mortality rates than people who live in well-off neighbourhoods, irrespective of family income. Anderson et al. (1997) argue that an area's socio-economic status may summarise an area's potential for health risk from ecological exposures such as from the concentration of poverty, unemployment, economic disinvestment, and social disorganisation. Hence, an individual's risk of engaging in health-damaging behaviours such as smoking or heavy drinking may be conditioned by social and community contexts, not just the social position of the individual. Thus social conditions exert an effect on health status at an ecological level as well as an individual level. 

METHODS 

The planned outcome of the project was a stable index of deprivation defined for small geographically contiguous areas. Since the project should be repeated with data from future censuses, we found a way of defining the small areas by an agglomeration process that could be fully automated using Statistics New Zealand's meshblocks and primary sampling units. Meshblocks are the smallest available geographical units, with a median population about 90. Primary sampling units are one or more connected meshblocks having approximately 60 households. There are about 35,000 meshblocks and 19,000 primary sampling units in New Zealand. The small areas are either a single meshblock, a single primary sampling unit, or a combination of meshblocks within a primary sampling unit. We defined 20,166 small areas, 94.6% of which had populations of at least 100 persons. Other area sizes were also explored. A full discussion is given in Crampton et al. (1997). 

Variables for possible inclusion in the index were broadly classified into two groups based on the distinction between demographic and deprivation census variables (Morris and Carstairs 1991). Demographic variables are those variables which are not amenable to influence by social policy, such as ethnicity, gender and age. Such demographic variables may be associated with an increased risk of deprivation. Other variables are more direct markers of deprivation, and may be influenced by social policy. These we have termed "deprivation variables". Examples include income, education and household occupancy. 

Variables for possible inclusion in the index were selected following review of the international and New Zealand literature (Crampton and Laugesen 1995). All variables have been shown to be associated with deprivation. We included ten variables in our index, extracted from available census data. Each variable indicates the proportion of inhabitants in a small area who lack a specified advantage. For example, the variable relating to educational qualifications is the proportion of people aged 18 to 59 years with no formal secondary or tertiary qualifications (indicating a lack of formal education). All variables are related to age and gender to some extent. Therefore we standardised all variables for age group and gender (Crampton et al. 1997). These standardised variables represent seven dimensions of deprivation -lacks of income (two variables), transport, living space, home ownership, employment, qualifications, and social support (three variables). The seven dimensions have different interpretations within different age groups. In particular, we have separated adults from children, the elderly - 60 years and older - from other adults, and working-age adults - 18 to 59 years - from the rest. Not all combinations of age group and dimension are either meaningful or necessary. Some variables are therefore age-group restricted (Crampton et al. 1997). The ten variables are: 

1. household income below a threshold; 

2. individual income from a means-tested benefit and age 18 to 59 years; 

3. no access to a car and age 18 or over; 

4. lack of household living space, measured by number of bedrooms below a threshold; 

5. living in a home not owned by a family member; 

6. unemployed and age 18 to 59; 

7. no qualifications and age 18 to 59; 

8. lack of economic and social support through living in a single-parent family; 

9. lack of individual support through being separated or divorced and age 18 to 59; 

10. and lack of individual support through being separated or divorced and age 60 or over. 

Two variables, household income and occupancy, needed to be adjusted for household size and composition in order to avoid bias created by difference in family size. For example, if household income is not adjusted for household size it will not adequately reflect resources available to family members. Our adjustment methods are discussed in Crampton et al. (1997), and are based on methods used by Jensen (1978, 1988) and Morrison (1994). 

Principal components analysis of the ten standardised small-area proportions was used to create the index which is the score from the first principal component. Principal components analysis is a multivariate method which identifies linear combinations of variables which progressively account for the overall variation in the data. The first principal component accounts for the most variation, the second accounts for as much of the remaining variation as possible, and so on. Very small coefficients in the first principal component indicate variables that are redundant in describing the overall variation by the use of a single index created from the first principal component. We examined our first principal components for evidence of this form of redundancy in our original set of census variables. 

RESULTS AND VALIDATION 

This section gives a brief description of the NZDep9l index of deprivation, followed by the results of validation exercises. In creating the index the first principal component score was scaled to have a mean of 1000 index points and standard deviation of 100 index points for ease of use. The distribution of the scores was skewed with the longer tail containing the most deprived small areas. Thus, effectively, the score ranks the 20,154 small areas in New Zealand. Each component meshblock in a small area, which typically consists of one or two meshblocks, is assigned the small area score. A ten-point ordinal scale was also created by dividing the distribution of 20,154 scores into deciles. 

Validation of the index in the absence of a gold standard consisted of investigations of technical aspects of the index, exploration of scores in areas with expected high or low levels of deprivation, and correlation of the index with key national and regional health variables (criterion validity). The objective of this validation was to confirm the usefulness of the index - does it accurately describe levels of deprivation in small areas? 

Technically, the variables make sense and their weights in the index are consistent with expectations. There are no large pockets of missing data, in particular in the smaller of the small areas. The weights for aggregations to 100 and 200 persons are very similar, suggesting that the 100-level aggregation can safely be used. A number of sentinel areas were chosen on the basis of local knowledge, in particular in Taita and other areas around Wellington. Deprivation scores for these areas were as expected. None of the small areas with the smallest populations have unlikely deprivation scores. There is no unexpected pattern to the demography for the areas of greatest deprivation; the 41 small areas with scaled principal component scores greater than 1400 included both urban and rural areas from many parts of New Zealand, and only four had populations fewer than 100. 

The final step in the validation process was to correlate the index with certain health outcomes well known to be associated with deprivation. Three data sets were explored: mortality from all causes in the Wellington region in the period 1990-1993; hospital discharge ratios for the same region and period; and national registrations for lung cancer for the same period. Each data set was explored in four broad age bands to remove most of the confounding effect of age. For the purposes of exploring the behaviour of the index, we created a 40-point scale by splitting the distribution of first principal component scores into 40 equal parts. That is, each scale value was assigned to 2.5% of our small areas. We then calculated rates of health outcome events for each of these 40 groups of areas. The overall picture from these analyses is quite clear: areas of increased deprivation experienced increased mortality rates, increased hospital discharge ratios, and increased registrations for lung cancer. The six Spearman rank correlation coefficients for these variables for the age groups 40-59 and 60 plus are in the range 0.73 - 0.94 (p < 0.001 for each). Only the correlations for lung cancer registrations in the younger age groups are not significantly different from zero at the 5% level, but this would be expected. 

DISCUSSION 

Composite indices have the advantages of providing a powerful basis for describing and analysing differences in health status, of being stable over time (during intercensal periods), of being robust (able to withstand small data input errors), and of focusing on physical and social environment as well as person (Crampton and Laugesen 1995). Such indices also have disadvantages: their derivation is complex, they are prone to the ecological fallacy (Susser 1994), their input variables may be selected rather arbitrarily, and there are statistical limitations when applying indices to small areas (Crampton and Laugesen 1995). In the case of NZDep91, we were careful to select our variables from a theoretical perspective and to use a standard statistical procedure to derive the index. 

NZDep91 was piloted by selected users early in 1997 in a diverse range of contexts, including local government, health research, regional health authorities, the Community Funding Agency, and a rural hospital. The index has been found to perform well, and there is now demand for a further index based on 1996 census data, once this data becomes available. It is likely that many more groups and organisations will use NZDep91 in areas such as education, police, fire services, and other social services. A consistent use of NZDep91 to describe small area deprivation will facilitate inter-study comparisons within New Zealand. 

NZDep91 is available at nominal cost from the Health Services Research Centre either on disk with instructions or in hard copy format as a look up directory. 
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