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Abstract
NZDep96 is an index of deprivation for small areas. Originally designed
for use in health research, resource allocation and advocacy, it has now
become a widely used social research tool. Concern has been expressed
about possible errors arising as a result of its use as a measure of
deprivation for individuals.

This paper explores the errors inherent in the use of the NZDep96 area
index when the unit of analysis is the individual, by analysing 1996
Census data using both correlational and multilevel modelling
approaches. The small area index of deprivation is shown to be weakly
correlated with an individual deprivation index. It is concluded that, in
the absence of individual information and with appropriate caveats, area
deprivation may be used cautiously as a proxy for individual deprivation
in some analyses. It is also noted that when NZDep96 is used as a
legitimate residential attribute of individuals the precise causal
mechanisms of an observed association are likely to be obscure.
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NZDep96 — What Does it Measure?

In models of smoking behaviour incorporating both area and individual
deprivation as explanatory variables, the association between area
deprivation and individual smoking remains strong (albeit diminished)
when individual deprivation characteristics are also taken into account. It
is concluded that, in the case of smoking, and most likely for many other
outcomes, the area index contains both compositional individual
information and strictly contextual information. It is noted that including
both areal and individual information in any model may help to identify
associations at the level at which causality operates.

INTRODUCTION

NZDep96 is an index of deprivation for small areas. The index was created as a result
of requests from a wide group of individuals employed in the health and social services
sectors in government, university, and various social agencies, who wanted a small area
measure of “need”.

NZDep96 was created from 1996 Census data and based on the proportions of people
in the small area with each of nine characteristics related to deprivation, as described
under “Methods”. The small areas were based on meshblocks, the smallest
administrative area used by Statistics New Zealand. Information from neighbouring
meshblocks was pooled, if necessary, so that, as far as possible, the small areas
contained at least 100 people.

NZDep96, like its predecessor NZDep91, was designed originally for use in resource
allocation, health research and advocacy. It has become a widely used social research
tool. Concern has been expressed about the degree of error arising as a result of its use
as a proxy measure of deprivation for individuals. This paper examines to what extent
the area measure is a measure of contextual circumstances, an average indicator of
individual deprivation, and/or a proxy or a legitimate indicator of individual
deprivation.

The paper begins by describing the theoretical underpinning of the NZDep96 index
and how it is being used. The paper then attempts to evaluate the relative extent of
macro-level contextual information and micro-level individual information in the
NZDep96 index by using individual data from the 1996 Census and both a
correlational and a multilevel approach to analysis.

Deprivation
Socio-economic classifications have been developed from a number of theoretical and

practical perspectives. Emphases include access to means of production (Marx 1981),
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possession of knowledge and skills (Edgell 1993), employment relations (Rose and
O'Reilly 1997), social standing related to occupation (Davis et al. 1997, Rose and
O'Reilly 1997), and access to material and social resources (Townsend 1987, 1993).

Socio-economic deprivation describes access to material and social resources and has
to some extent underpinned conceptions of social class and socio-economic status. It
has been defined 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 1987). It is possible for an individual to be deprived in one or more
respects.

Area-Based Measures of Deprivation

Area-based classifications of socio-economic deprivation have been developed over the
past three decades in order to make summary measures available in circumstances
when information is otherwise hard to collect or unavailable (Carstairs 1995, Morris
and Carstairs 1991, Townsend 1990). They are usually based on aggregated personal
information. The NZDep96 index of deprivation for small areas was developed from
1996 New Zealand Census data (Salmond et al. 1998b) and follows the earlier
development of the NZDep91 index, based on 1991 Census data (Crampton et al. 1997,
Salmond et al. 1998a). The NZDep96 index was derived from a weighted sum of nine
adjusted proportions in a small area and has values from 1 to 10. High values of the
index reflect relatively high levels of at least some of these proportions.

What Do Area-Based Indexes Measure?

Diez-Roux (1998) notes that whenever composite derived variables like NZDep96 are
used in analyses, “they are assumed to be capturing group properties that are more
than summaries of individual properties”. That is, they are capturing both aggregated
compositional properties of the individuals in the neighbourhood and contextual
properties of the area extrinsic to individuals, such as public amenities. The contextual
factors may be shaped by the properties of the group. For example, lack of amenities
may be the result of lack of money to support them. Alternatively, the contextual
factors themselves may shape the properties of the group — such as a lack of youth
activities encouraging young people to live elsewhere.

The NZDep96 area-based measure of deprivation, then, is a variable reflecting both
aggregated compositional properties of the area and probably also contextual
properties of the area. When the unit of analysis is an area, there is no cross-level
problem with interpretation. However, when used where individuals are the unit of
analysis, there are two possible interpretations, one of which is problematic.
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The first interpretation considers the area of residence as an attribute of individuals.
The deprivation of the area of residence is then also an attribute of individuals and thus
a micro-level variable. In this case there is no cross-level interpretive difficulty,
although reductionist causal pathways may be elusive.

The second interpretation, however, notes that the area measure is created from
aggregated data and regards it as a rough approximation for an individual
characteristic. In this view, the areal NZDep96 measure is interpreted as a micro-level
variable measured with error. This invites an ecological fallacy, that is, an error arising
as a result of making inferences about individuals on the basis of aggregated data
(Gilman et al. 1994, Schwartz 1994). For example, as a result of likely heterogeneity of
people in an area, it cannot be assumed that every resident of a deprived area is
deprived. Researchers have found that the use of small spatial areas diminishes the
extent of measurement error (Crayford et al. 1995, Hyndman et al. 1995). This paper
explores what happens when the small area NZDep96 index of deprivation is used as
a proxy for individual deprivation information.

In health research, associations with deprivation can be theorised as operating at
different levels — individual, family, neighbourhood, local authority, etc. — each having
a separate causal pathway. For example, at the small area level, living in deprived
neighbourhoods may adversely affect health outcomes for individuals; and at the
individual level, deprived individuals may be more likely to suffer various adverse
health outcomes. An increasing number of studies are examining these multiple levels
of association (Anderson et al. 1997, Duncan et al. 1999, Kleinschmidt et al. 1995,
Reijneveld 1998, Shouls et al. 1996, Sloggett and Joshi 1994).

However, as pointed out by Macintyre and Ellaway (2000), there is frequently a lack of
clarity in published research about whether the area-based measures are being used as
neighbourhood indicators, or as if they characterise the individual — either as an
attribute, or as a characteristic measured with error. Although associations between
deprivation and health can be investigated irrespective of this lack of theoretical clarity,
nevertheless theoretical considerations are important since public health interventions
should be designed to operate at the level at which causality operates.

Two recent New Zealand reports have explicitly addressed this issue of theoretical
clarity. In one, the Ministry of Health (1999) noted the likely effect of using the area
deprivation measure, instead of an individual measure, on the level of observed
associations when the unit of analysis was the individual:

The deprivation index applies to areas, not people, and so captures

contextual as well as compositional variables affecting socio-economic status.
However, it is used in this report also as a proxy for individual socio-economic
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status when individual level data on income, education or occupation are not
available. When used in this way, the heterogeneity that exists within
meshblocks means that any socio-economic gradient in the outcome of
interest will probably be under-estimated. (p. 65)

Another recent report alerted the reader to the possibility of multiple causal
interpretations (Salmond and Crampton 2000:61):

NZDep96 is an area-based index of deprivation. Thus the associations
observed [in this chapter] relate to area-level deprivation, that is,
compositional and contextual effects of material and social circumstances.
Given the small size of the areas on which the index is based, and the
strength and consistency of the associations demonstrated in this chapter, it
is likely that causality is operating at both the area level and the individual
level.

Further elucidation was impossible for the mortality and hospitalisation data being
analysed in the chapter referred to above, since deprivation information was not
available at an individual level in those data sets. Although analysis of smoking data
was included also in the chapter, it was restricted to an area-level deprivation analysis.
In this paper, however, the smoking data are analysed further as a case study for
multilevel analysis and interpretation.

How is NZDep96 Being Used?

NZDep96 is being widely used as a graphic tool for advocacy. Here, areas are the unit
of analysis. When the areas are mapped in colours graded according to NZDep96
value, complex information about the deprivation characteristics of the people in an
area is presented in an easily comprehensible way — see, for example, Crampton et al.
(2000b), Manukau City Council (1999) and Rotorua District Council (1998).

Used as a numerical measure, the index is being investigated for use in funding
formulae for groups of people (Sutton 2000). This is an entirely appropriate use of the
small area measure as aggregates are the unit of analysis — any funding adjustments
made on the basis of a local NZDep96 distribution will result in funding flowing either
to areas or to groups of people. However, NZDep96 cannot be used to target funding
to individuals, since the inherent measurement error would result in discrimination for
some people. For example, a student is entitled to a Community Services Card and
hence to an increased subsidy for general practitioner consultations, yet a student
living in a relatively non-deprived area would be required by such a funding
application to pay full general practitioner costs.
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NZDep96 has been considered explicitly as a proxy measure for individual deprivation
characteristics in a recent multilevel ecological analysis (Barnett 2000) based on the
small size of meshblocks. Clearly, if the index is to be theorised as a proxy measure for
individuals rather than as an individual attribute, the extent of measurement error is
critical. Assuming good-quality information, this error depends on the heterogeneity
within an area, which is likely to be greater in large geographic areas. The NZDep
indexes were deliberately created for small aggregations, with a target of 100 people, to
reduce heterogeneity while maintaining a reasonable degree of statistical robustness.
The question is: how reliable is NZDep96 as a proxy individual-level measure?

Small area measures of socio-economic deprivation are popular in health research, both
overseas — see for example (Krieger et al. 1997, Kunst and Mackenbach 1995, Liberatos
et al. 1988, Lynch and Kaplan 2000, Morris and Carstairs 1991) — and in New Zealand
(Crampton et al. 1997, Kokaua 1993, Reinken et al. 1985), often when detailed
information is not available at the individual level but area of residence is recorded.
New Zealand examples of the use of NZDep91 and NZDep96 include research into
mortality (Jackson et al. 1998, Salmond and Crampton 2000), hospitalisations (Jackson
et al. 1998, Salmond and Crampton 2000), asthma (Salmond et al. 1999), smoking
(Crampton et al. 2000c, Salmond and Crampton 2000), immunisation levels (Salmond
et al. 1998a), cot death (Mitchell et al. 2000), primary care utilisation (Barnett and Coyle
1998, Crampton et al. 2000a), and nutritional status (Russell et al. 1999). In order to use
the demonstrated associations with NZDep to inform public health interventions,
researchers should be clear about the extent to which these associations refer to
contextual information and/or to individual information measured with acceptable
error and/or to average individual information in the area.

METHODS

This paper compares the areal and individual deprivation data from the 1996 Census.
Area deprivation is generally characterised by the NZDep96 index for small areas, but
also by an average individual index for the area. Individual deprivation is
characterised first by the nine individual deprivation variables, and second, because
dealing with nine variables is cumbersome, by an index of deprivation for individuals.
Individual smoking behaviour is used as the outcome variable in models that explore
the relative performance of the various measures of deprivation.

Socio-Economic Deprivation for Small Areas
The 1996 New Zealand Census contained many questions that measured potential
aspects of deprivation. Nine deprivation indicators derived from this information

were: having no access to a telephone; aged 18-59 receiving a means-tested benefit;
aged 18-59 unemployed; living in households with equivalised income (that is adjusted
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to control for household composition) below an income threshold; having no access to
a car; aged <60 living in a single-parent family; aged 18-59 without any qualifications;
not living in family-owned home; living in households below equivalised bedroom-
occupancy threshold.

These nine source variables were used in the construction of the area-based measure of
deprivation, NZDep96, where the derived variables were age/gender-standardised
proportions of people in a small area with the deprivation characteristic (Salmond et al.
1998a, 1998b). The continuous distribution of NZDep96 scores was split into deciles,
with each decile representing exactly one-tenth of the small areas in New Zealand. This
meant that each decile included close to one-tenth of the population.

Socio-Economic Deprivation for Individuals

The same primary information from the census is also used at the individual level in
this paper, as nine binary indicators of personal deprivation characteristics. Although
some of these variables are relevant only to certain age groups, all are available for
those aged 18-59. Analyses presented here are therefore restricted to this age range.

In addition, an index of deprivation for individuals was created. The index was
constructed in the same way as the NZDep96 index for small areas. That is, an
underlying score was formed from the first principal component of the Pearson
correlation matrix, but this time for the binary deprivation indicators, scored 1 if the
deprivation characteristic was present, and 0 otherwise. Although the Pearson
correlation coefficient is a measure intended for use with continuous data, it can also
be used, as here, with binary variables. In this situation, it has several desirable
properties. In particular, it is proportional to the phi coefficient, a measure of the
strength of a relationship in a 2x2 table.

Unlike the small area scores, the scores on this first principal component formed a
continuous distribution that could not be split into tenths, due to the relatively large
number of people without any of the nine deprivation characteristics. A further
complication was the similarly high number of people with just one such characteristic,
because it is likely that some of these people are not deprived in any meaningful way.
For example, someone who indicated that they were unemployed may have been a
highly paid worker recently made redundant through organisational restructuring
whose likelihood of future well-paid employment is high.

Therefore, given the special nature of the groups with zero or one deprivation
characteristic, an eight-point ordinal scale was defined to have value 0 for the score
indicating individuals with no deprivation characteristic; value 1 for the next set of
scores up to, but not including, the minimum score of anyone with two or more
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deprivation characteristics; and values 2 to 7 for the sixths of the remaining
distribution. A separate eight-point index was created for each gender in two age
groups of similar size (18-39 and 40-59 years).

Combined into an index for people 18-59 years, the eight-point index thus describes the
socio-economic deprivation of individuals relative to others of the same gender at a
broadly similar stage in their lifecycle. Overall, 32.8%, 28.9%, 7.0%, 6.2%, 6.2%, 6.2%,
6.4%, and 6.5% of individuals are in the categories 0 to 7 respectively. These
proportions vary slightly across the four age/gender groups, with the biggest
differences being in the first group where 29.0% of women aged 18-39 years have no
deprivation characteristic, compared to 37.4% of men aged 40-59 years.

Smoking

In the 1996 Census everyone aged 15 years and older was asked: “Do you smoke
cigarettes regularly (that is, one or more per day)? Count only tobacco cigarettes. Don’t
count pipes, cigars, or cigarillos.” Anyone answering “yes” to this question was
classified as a regular smoker. Smoking status was established for 92.1% of the 2.8
million eligible respondents.

Statistical Analysis

All analyses in this paper are based on the 1.52 million individuals aged 18-59 years
who provided complete information for the deprivation and smoking variables (73% of
the usually resident population of that age on census night).

The prevalence odds (and rates) of smoking were modelled by generalised linear
models (McCullagh and Nelder 1983) using INSIGHT in SAS (SAS Institute Inc. 1993).
These models were used to investigate both the effect of explanatory variables and the
level(s) at which causality might be operating (the individual or the area). We modelled
these levels by including a random (error) term to describe variation among
individuals, and a set of dummy terms to compare the ten areal deprivation categories,
which are thus fixed effects in the statistical model. This approach is not to be confused
with statistical multilevel modelling which is concerned with sampling variation
among units at each level and therefore would model the areal effects as a single
random term (analogously to the individual error term) rather than as a set of fixed
effects.

For technical reasons, only the prevalence odds of smoking could be modelled
whenever the nine binary deprivation variables were included as explanatory
variables. Prevalence odds were estimated by a model with a logit link and binomial
error structure (logistic regression). The more easily interpreted prevalence rates of
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smoking were modelled when the nine deprivation variables were not included and
comparisons were not required with models in which they were. In this case, the
generalised models had a log link instead of a logit link (log-binomial regression).
Dummy variables were used for the categories of the indexes to avoid any assumption
of linear effects. Three further dummy variables representing the four age/gender
groups (males and females aged 18-39 and 40-59 years) were included in all models to
control for confounding. No intercept term was fitted to avoid multi-collinearity
caused by multiple reference groups, although such collinearity caused a maximum
change of only 0.02 in the estimated odds ratios. Nested models are compared through
their deviance statistics giving rise to change in deviance, a measure of the variation
accounted for by a term (McCullagh and Nelder 1983).

RESULTS

The two ordinal indexes of deprivation are used to easily compare area-level
deprivation with individual-level deprivation. Given that three-fifths of the population
have little or no deprivation as described by the nine deprivation variables, it is clear
that they cannot all live in places characterised as being in the one or two least-
deprived deciles of area deprivation. It is not surprising, therefore, that the Spearman
rank correlation between the eight-point individual index of deprivation and the
deciles of area deprivation (NZDep96) is only 0.34 (n=1.52H10°). The relationship is
illustrated in Figure 1 where the considerable individual variation within the ten broad
categories of NZDep96 is clear. The top row of circles illustrates that, even within the
most-deprived 10% of small areas, one in ten individuals (10.8%) have none of the
measured personal characteristics of deprivation. At the other extreme, the bottom row
shows that one in 12 individuals (8.3%) in the least-deprived 10% of small areas are
classified personally among those in the top four multiply-deprived groups.

It is clear, therefore, that NZDep96 is not a particularly good proxy at an individual
level for a simple ordinal individual measure of deprivation, which of course it was not
designed to be. Since there is, at least, some correlation, it is natural to assume that, if
only area of residence is available from which to infer likely social circumstances, the
small area index can be used provided results are interpreted very cautiously. The 1996
Census data afford an opportunity to illustrate the difficulties of interpretation by
investigating the relative contributions of individual-level and/or area-level
deprivation information to explaining the variations in smoking patterns at that time.

One-quarter of this study population of 1.52 million people were classified as regular
smokers (25.6%), decreasing from 28.9% in those aged 18-39 years to 21.9% in those
aged 40-59 years. All the deprivation characteristics considered here have a statistically
significant association with smoking in this very large data set (model 1, Table 1). The
single best predictor of increased odds of smoking is a lack of any formal school or
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other qualification: after controlling for the other deprivation characteristics,
individuals without qualifications had approximately twice the odds of smoking as
those with qualifications. The atypical and apparently “protective” effect of low
household income may be an indication of a deterrent effect of cigarette price.

Figure 1 Individual and Small Area Deprivation (1996 Census Data)

Most
deprived

Small area
deprivation
category

0000000000
e000000CO0O
000000000

Least
deprived

000000000
C00000000 0

No deprivation 1 deprivation Most
characteristic ~ characteristic Individual deprivation category deprived

Size of circles indicates percentage of population aged 18-59 years
(total = 100%)

The small area index explains 48.6% of the variation in smoking explained by the
individual characteristics after age and sex are taken into account (models 1 and 2: ratio
of the change in deviance statistics is 44,639.2/91,809.3). The association between area
deprivation and individual smoking remains strong (albeit diminished) when
individual deprivation characteristics are taken into account (models 2 and 3). In the
most-deprived NZDep96 decile, individuals have an odds of smoking more than four
times greater than those in the least-deprived decile (model 2), and this is still more
than two times greater after allowing for personal deprivation circumstances (model 3).
Similar NZDep96 odds ratios were obtained when substituting the eight-point
individual index for the nine individual variables (model 4). The diminished but still
strong areal odds ratios in models 3 and 4, compared to model 2, suggest the existence
of information in the NZDep96 index that is not contained in the individual
deprivation circumstances. Thus both personal deprivation circumstances and
contextual effects of the neighbourhood in which the individual lives contribute to
explanations of variations in smoking prevalence.
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Table 1 0Odds Ratios* of Smoking by Individual and Small-Area Socio-Economic
Deprivation, for All Individuals Aged 18-59 years, 1996 Census Data

Deprivation model model model model model model
Variable 1 2 3 4 5 6
On means-tested benefit 1.40 1.32 1.25
Low household income 0.91 0.86 0.82
In single-parent family 1.61 1.56 1.48
No access to car 1.22 1.13 1.1
No access to phone 1.77 1.61 1.62
Not in owned home 1.59 1.50 1.44
Unemployed 1.48 1.40 1.33
No qualifications 2.20 2.05 2.08
High household occupancy 1.05 (1.01) (1.00)
Area index (NZDep96) = 2 1.27 1.19 1.19

3 1.47 1.31 1.33

4 1.65 1.42 1.45

5 1.85 1.54 1.57

6 2.08 1.66 1.71

7 2.40 1.83 1.90

8 2.68 1.93 2.02

9 3.15 2.08 2.21

(most deprived) 10 4.09 2.23 2.49

Individual index = 1 1.42 1.51 1.05

2 1.82 206 1.18

3 2.01 223 130

4 1.83 2.11 1.25

5 2.08 2.52 1.27

6 2.58 325 142

(most deprived) 7 3.64 496 1.51

* Estimated from logistic regression models (logit link and binomial errors) without an intercept, which also
include three dummy terms for four age/gender groups. The reference group for the individual deprivation
index is those with no deprivation characteristic (individual index = 0), and that for the small area index is the
least-deprived decile (NZDep96 = 1). All coefficients are significant at p = 0.0001 except the two in brackets
for which p>0.05.

A converse way to look at the effect of the combination of personal and areal measures
of deprivation on smoking is to focus on the individual characteristics and see what
happens when an areal component is added to the model. Model 5 includes the
individual index but no areal component and shows a strong gradient of increased
odds of smoking at the higher end of the individual index. When the area index is
included in the model (model 4) this gradient diminishes but is still strong. The most-
deprived individuals, for example, have an almost five-fold increased odds of smoking
(over those with none of the measured deprivation characteristics) when their own
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characteristics are taken into account, which reduces when the area index is also
included but is still 3.6 times the odds. A reduction in each of the odds ratios associated
with the nine individual characteristics is also seen by comparing models 1 and 3.

The individual index explains 69.7% of the variation in smoking explained by the
individual characteristics after taking age and sex into account (models 1 and 5: ratio
of the change in deviance statistics is 64,003.2/91,809.3). Multiple deprivation as
measured by the individual index adds some explanatory power on top of that
provided by the individual characteristics since both the index and the characteristics
are significant in model 6. An individual in the most-deprived group had a 50% greater
odds of smoking than individuals with no deprivation characteristics, even after
allowing for the individual effects of the deprivation characteristics. This may indicate
that multiply deprived individuals experience pressures that affect their risk of
smoking on top of the risks associated with their individual deprivation characteristics.

To investigate whether average individual deprivation in an area characterises the area
adequately, individual index values were averaged for each small area and a log-
binomial model of smoking was fitted with the individual as the unit of analysis. This
was compared to a log-binomial model with the NZDep96 area value as the
explanatory variable and again with the individual as the unit of analysis. The change
in deviance attributable to the average individual index, after taking age and sex into
account, is 80% of the change in deviance attributable to the NZDep96 small area index
(49,283.5/61,004.3; models not shown). At a small-area unit of analysis, therefore, the
NZDep96 index explains more of the variation in smoking than the average of the
individual index scores, suggesting that the NZDep96 small area index characterises an
area rather better than an average of the individual index, at least when related to
smoking.

DISCUSSION

This paper has used the same primary source data from the 1996 Census to describe
both small area socio-economic deprivation and the deprivation of individuals. This
means that comparisons between the two are not affected by differential quantity, or
quality, of information. Furthermore, errors arising from sampling are not an issue in
this census-based study, although there is a possibility for bias arising from incomplete
data.

The proportion of missing smoking data is not large. Nevertheless, it is possible that
the lack of smoking data is correlated with socio-economic variables. If so, any
associations between deprivation, however measured, and smoking may be
underestimated.
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The area index has been explored in the way in which it is most often used, as a ten-
point scale. The models presented in this paper are all linear in the explanatory terms.
It is possible that more complex models could improve the fit of the data — for example,
by involving interaction terms among the nine deprivation characteristics — which
would then become much harder to interpret. However, this paper is more concerned
with exploring the relative merits of area and individual measures of deprivation than
with deriving a “best” model of their association with smoking behaviour.

NZDep96 was designed to be a small area measure, with the small areas intended to be
as homogeneous as possible, while still large enough for statistical calculations to be
free from the large fluctuations in proportions to be expected from small denominators.
The underlying assumption is that people with similar characteristics cluster in small
neighbourhoods. This is not to assert, necessarily, that all unemployed people, say, live
near each other. Rather, the assumption is that people who are multiply deprived will
tend to live in geographical clusters, though the form of the deprivation will vary
somewhat from person to person. The fact that there is some correlation (0.34) between
the area and individual indexes of deprivation is consistent with this assumption.

NZDep96 as a Proxy for Individual Deprivation

One aim of this paper is to explore the consequences of using NZDep96 as a proxy
indicator of individual deprivation, as may have been done in some of the examples
cited in the introduction when individual outcomes, such as mortality, are analysed for
their association with the small area measure of deprivation. Using two indexes of
deprivation — small area and individual — based on the same source data, there is an
observed correlation in the census data of 0.34, which is not very large. However, both
the small area and the individual indexes are designed to be indicators of underlying
constructs called deprivation. The real concern should be how correlated the latent
deprivation variables are. Unfortunately this correlation cannot be measured.

However, the relationships found between the small area measure and individual
outcomes, such as mortality, hospitalisations, immunisation, and so on, reported in the
articles cited in the introduction, are consistent and strong. It is unlikely that such
consistency would hold if the area index was measuring only contextual effects, for
then similar contextual factors would apparently be affecting a wide cross-section of
health outcomes in much the same way. The corollary, that the index is therefore also
measuring individual effects, implies that both indexes are measuring the same latent
individual deprivation variable, at least in part, and both with a misclassification error.
If these errors are not systematic, this leads to the conclusion that there is likely to be a
greater correlation between the latent deprivation variables than is exhibited by their
observable indicators in the census data (0.34). This does not imply that the correlation
is necessarily strong, but it does indicate that, if no other information is available, then
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use of the index as a proxy individual measure may lead to plausible hypotheses for
further exploration.

There is one circumstance, however, where NZDep96 can be used as a legitimate
measure of individual circumstances. This occurs when we consider the area indicator
to be a residential level, analogous to educational level or occupational status. In this
usage NZDep96 is a legitimate attribute of an individual. Like education or occupation,
though, the precise causal mechanisms through which NZDep96 affects an outcome is
likely to require further work to elaborate.

Contextual and Individual Information in NZDep96

Another aim of this paper is to explore the relative proportions of contextual and
individual information incorporated into the NZDep96 index. Smoking has been used
as a case study since it is well known to be strongly patterned on social circumstances
and is available in the Census. For this analysis the nine individual measures of
deprivation can be employed, for greater conceptual clarity, as well as the composite
individual index, which estimates the latent deprivation variable.

In Table 1, models 2-4 show that the changes in the odds ratios of smoking among the
ten areal deprivation classifications when individual deprivation (as nine variables or
the index) is added to the model indicate that some of the information in the area index,
but not all, is also contained in the individual variables (or index). Conversely, models
4 and 5 (or 1 and 3) show that the changes in the odds of smoking among the eight
individual deprivation categories (or nine variables) when the area index is added to
the model also indicate some common information among the areal and individual
information, but not complete overlap.

Thus these analyses may indicate that the information contained in the NZDep96 index
is greater than the sum of the information contained in its constituent variables; that is,
that while the area index contains compositional individual information it also
indicates some strictly contextual information. Another possibility, if contextual
information is deemed unlikely, is that NZDep96 may be correlated with unmeasured
individual-level deprivation, in which case its use as a proxy for individual-level
deprivation is strengthened. A further possibility, of course, is that NZDep96 is
correlated with some variable associated with smoking that is not related to
deprivation, either individual or contextual.

The contextual and compositional information could well be inter-linked. Given a
group of people with certain characteristics, whether deprivation or something else, it
is reasonable to assume that outside influences also have an impact on the area in
which they live and in such a way that the neighbourhood develops a character. This
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is likely to have a feedback mechanism. For example, services are less likely to be
provided if people cannot afford to use them, property values are thus likely to be
relatively low, and so people are attracted to the area who have little money to spend
on locally provided services like corner dairies, bank outlets, and so on. Although the
provision of services is likely to be at a suburb level, some clustering of similar small
neighbourhoods may occur within suburbs.

The use of an index in preference to the individual variables in any model will be issue
driven. For example, here, although the individual index is probably easier to interpret
than the collective influence of the nine individual variables, as an aid to deciding
specific characteristics to target attempts to reduce smoking prevalence, the individual
variables may be more important — though it is difficult to perceive a causal pathway
between, for example, no access to a telephone and smoking that does not involve the
concept of deprivation.

Relative deprivation is a concept that encompasses both social factors (such as lack of
qualifications) and material factors (such as lack of car or telephone access) that arise
from socio-economic circumstances. Socio-economically disadvantaged people may
“choose” which material factor(s) to do without, for example, by choosing not to own
a car in order to live in better housing conditions, or the converse. Thus the fact that
lack of telephone access is strongly related to smoking variation (model 1) does not
necessarily imply that increasing telephone access will decrease smoking. General
deprivation as measured by an index — areal or individual — may therefore explain
some health inequalities better than the component factors. This is particularly likely in
studies where diminished sample size may suggest otherwise important factors to be
chance effects.

The deprivation characteristics used in these analyses are limited to those available
from census data. For the small area measure NZDep96 this has the clear advantage of
providing a national measure. Using the same source characteristics to create the
individual measure allows direct comparisons between contextual and individual
information. However this individual measure of socio-economic deprivation can
probably be improved by including other aspects of socio-economic deprivation not
available in the census. For example, in the context of an analysis of smoking, a broader
measure of individual socio-economic deprivation may show a stronger relationship
with smoking. A community survey is being undertaken in 2001 which will gather
information to explore more detailed indexes, and to explore the relevance of certain
information to different ethnic groups. Mindful of the negative (but accurate) nature of
the term “individual deprivation index”, we will use “non-occupational classification”
as the descriptor in this survey work. This descriptor has the added advantage of
indicating the all-inclusive nature of the index.
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CONCLUSIONS

In summary, relative deprivation has a strong relationship with smoking prevalence,
however measured, which is of course not unexpected. The models presented here
indicate that both area of residence and individual characteristics may help to
determine smoking choices, a conclusion drawn also by Duncan et al. (1999) in Britain,
using more extensive models. The causal mechanisms are no doubt complex, but it is
not hard to imagine that an individual’s predilection for smoking may be altered by the
local neighbourhood attitudes to smoking, and that both may result from deprivation
(Crampton et al. 2000c). Furthermore, when used on its own in this analysis of
smoking, the area-based index NZDep96 appears to encapsulate both micro-level
information about individual deprivation and macro-level information about
contextual deprivation. While this might suggest that it is plausible to use NZDep96 as
a proxy for individual deprivation in the absence of further information in analyses of
smoking, two things should be remembered — first, that the individual and areal
deprivation indexes are only weakly correlated and, second, that the level at which
causality might operate is then indeterminate.

In a commentary on the measurement of socio-economic position, Ben-Shlomo and
Davey Smith (1999) noted that “many studies show that both individual and area-
based measures seem to have independent effects on health outcomes, possibly as a
result of the contextual effects of residing in poor neighbourhoods”. There is no reason
to believe, then, that use of the small area NZDep96 index as a proxy for an individual
characteristic, but measured with error, would not be useful, though certainly not ideal,
in analyses of outcomes other than the case study of smoking presented here. However,
it is possible that more accurate and complete measurement of individual deprivation
would diminish the relative effect of areal deprivation.

Indisputably, however, if deprivation of area of residence is considered an attribute of
individuals, as a residential “level” analogous to educational level, then the NZDep96
value for the small area in which an individual lives can be attached to an individual
without ecological error in any analysis or model in which the individual is the unit of
analysis. Causal interpretations, however, may be difficult and there is no doubt that
care should always be taken when interpreting associations with any areal measure
like NZDep96. In addition, data collections should be expanded if possible to allow
multilevel analyses that could help to elucidate levels of causality and so potentially
improve the effectiveness of public health interventions.
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