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Abstract

Health-related behaviours are of central importance to health promotion and to the promotion of enhanced

population health. In the UK, localised knowledge of the quantitative dimensions of health-related behaviours is
traditionally attained by conducting a costly sample survey. Such surveys seldom generate reliable data at scales
more local than that of the health authority, they also need to be repeated regularly. This paper outlines an

alternative framework for generating statistics on small-area health related behaviours using routinely available data
from the annual Health Survey for England �N � 17,000� and the decennial Population Census. Using a multilevel
modelling approach nesting individuals within postcode sectors within health authorities, and focusing on the

prevalence of smoking and `problem' drinking, the paper comprises four sections: a consideration of the modelling
strategy, a comparison of the smoking and drinking models, an outline of the estimation strategy, and the
presentation and discussion of ward-level estimates of smoking and drinking behaviour for England. The paper
concludes that the method is better at estimating smoking than drinking but that it o�ers a feasible, cheap and

more informative alternative to the survey approach to the generation of information on smoking and drinking
behaviour. # 2000 Elsevier Science Ltd. All rights reserved.
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Introduction

In the UK, small-area data on health-related beha-

viours are not widely available on a routine basis. This

is an important constraint on health promotion and

public health activities. The absence of small area data

means that monitoring and target setting are done at a

relatively crude geographical scale. This is a key short-

coming because health-related behaviours such as

smoking and drinking are implicated deeply in the var-

ious targets set out both internationally for Health for

All, and nationally as in the UK for the Health of the

Nation/Our Healthier Nation initiative (WHO, 1981;

DoH, 1992, 1998). The speci®c case for small-area

data re¯ects the need to respond to local variations in

the prevalence of behaviours and develop programmes

for intervention which are grounded in locally-relevant

evidence. Health related behaviour is not uniform

across geographical space and substantial variations
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may exist within large spatial units (Duncan et al.,
1993, 1996), yet current health promotion and public

health activity, of necessity, generally proceeds in ig-
norance of this situation.
This paper addresses the need for small-area data on

health-related behaviours. It outlines a technically-
robust and innovative framework for generating such
data for each of the 8288 local government wards in

England. The approach represents a major advance on
previous strategies. The structure of the paper com-
prises two substantive sections. First, a short critique

of previous approaches to small-area data provision is
presented. Second, attention turns to an outline of a
new approach based on multilevel models. Discussion
focuses on the individualistic and ecological aspects of

smoking and drinking behaviour and the need for a
modelling approach, which takes account of this multi-
level aetiological basis. Consideration is also given to

data sources for model generation and the limitations
posed for modelling by the chosen sources. Attention
then shifts to the results of the modelling exercise. The

coe�cients derived from the ®nal multilevel models of
smoking and drinking behaviour are brie¯y discussed
before moving to a detailed examination of the pre-

dicted small area estimates for smoking and drinking
behaviour. The conclusion to the paper re¯ects on the
utility of the approach.

Small-area estimates of health-related behaviour:

existing approaches

Health promotion or public health specialists seeking

®ne-scale locally-sensitive information on health-re-
lated behaviours have traditionally pursued two tactics.
The ®rst, and most straightforward option has been
direct measurement by conducting a local survey. This

approach is costly and generates information which
dates rapidly (HEA, 1990). Well-structured surveys
with sound sampling design capable of generating

representative results at the subdistrict level are esti-
mated to cost at least £50,000 for a single district
health authority. Design and sampling shortcomings

are frequent and most surveys achieve little beyond a
crude subdistrict partitioning. New building and urban
redevelopment alone suggest that replication at ®ve-
yearly intervals is sensible. Local surveys do however

provide a high pro®le manifestation of health pro-
motion and public health activity within an area and
may, if well done, generate high quality data.

`Oversampling' in national surveys might provide
another approach but this too would be costly. In view
of the fact that other contextual information would

also be collected it would also have a degree of sensi-
tivity which would be likely to preclude wide release.
A second strategy is simply to assume that regional

or national data are representative of a local area. This

assumption is simply untenable as it denies the possi-
bility of local health variations. Were regional averages
to apply uniformly across a region, there would be no

need to seek data on local-scale variations. While the
evidence regarding such internal di�erentiation is
indeed mixed (Humphreys and Carr-Hill, 1991; Diehr

et al., 1993), few would suggest that there is no vari-
ation within the relatively crude spatial reporting units

for which large routine government surveys publish
their results. As a consequence there is a temptation to
seek ®ne disaggregation of such data. In the main

however the sampling design of national surveys is
insu�ciently robust to permit disaggregation below the

scale of 14±25 regions Ð and, paradoxically, any
attempts at such disaggregation could only be vali-
dated with local survey data. As a result only crude

disaggregations are published using national survey
data (Blaxter, 1990).
In the late 1980s, geodemographics emerged as a po-

tential third strategy for identifying local variations in
health-related behaviour (Speller and Hale, 1985).

Health-related behaviours were treated in the same
way as other forms of consumer behaviour. It was
assumed that they re¯ected the type of area in which a

person was resident. Geo-referenced responses to
national surveys of the relevant health-related beha-

viour were tagged using a national classi®cation of
small areas generated using a cluster analysis of data
drawn from the national census. Response levels were

then constructed for each of the area types and cross-
area comparisons made. The approach, though sensi-
tive to variations in health-related behaviour according

to the socio-economic status of an area, did not ac-
commodate the possibility that the behaviours might

vary within an area, or that the relationship between
area type and behaviour might not be constant in all
parts of the country. In short, geodemographics

worked on ecological principles and su�ered from the
pitfalls of aggregation bias (Schwartz, 1994; Susser,
1994a,b).

The application of geodemographics to health-re-
lated behaviour was also limited by three further fac-

tors. First, though specialist geodemographic systems
began to evolve in the early 1990s, none were speci®-
cally developed using input data known to be associ-

ated with health-related behaviour. Second, though
again exceptions could be noted, most geodemographic

systems were based on measures of distinctiveness. The
areas were identi®ed using those indicators, which
maximised their distinctiveness from other areas. The

phenomenon, which made an area distinctive might be
relatively rare within that area. Consequently, any
regularity of association between a geodemographic

area type and a particular health-related behaviour
might not necessarily re¯ect a regular association
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between the behaviour and the dominant character-
istics of the residents of an area. Finally, through their
focus on area-based associations, geodemographic per-

spectives on health-related behaviour emphasise the
context within which the behaviour takes place.
Moreover, they ignore the many individual factors,

which may impact upon health-related behaviour.
A summary verdict on existing approaches to gener-

ating small-area statistics on health-related behaviour

would be that none are adequate. Surveys are costly
and may su�er design de®ciencies, which preclude
local sensitivity. Available routine data certainly lack

such local sensitivity. Geodemographic approaches are
methodologically unsatisfactory. Given the policy-dri-
ven need for small-area data, the need for an alterna-
tive approach to data generation is clear. We now turn

to an outline of such an approach.

A new approach to the generation of small-area data on

health-related behaviour

Multilevel perspectives on health-related behaviour

It is the simultaneously individual and contextual
nature of the in¯uences on health-related behaviour,

which provides the basis for the development of a new
approach to the generation of small-area data on
health-related behaviours. The distinction of the indi-

vidual and contextual components of health-related
behaviour attempts to capture the interplay of, on the
one hand, autonomously-made personal decisions and

individual genetic inheritance, and, on the other hand

the diverse collective in¯uences stemming from the set-

tings within which an individual's behaviour takes

place (Macintyre et al., 1993; Phillimore, 1993; Diez-

Roux, 1998). As an example, the case of smoking is il-

lustrative. Table 1 summarises a range of variables as-

sociated with smoking prevalence.

Many of these factors may be considered from either

an individual or an ecological perspective. For

example, it may be that an individual's social class in-

¯uences their decision to smoke. Equally, areas of

higher social status may provide a cultural context that

in¯uences smoking prevalence. Third, and importantly,

individual and ecological aspects of a factor can inter-

act. Thus, the likelihood of a low social class individ-

ual being a smoker may rise if that individual is

resident in a lower social status area; the in¯uence of

an individual's social class on individual smoking

behaviour may be critically a�ected by the social status

of the area in which the individual lives. Finally, inter-

actions can, of course, also take place between factors:

Oakley et al. (1992) are among many who discuss the

well-known interaction of age and gender with regard

to the prevalence of smoking among young women.

The presence of both individual and ecological in¯u-

ences on a health-related behaviour indicates the appli-

cability of a multilevel approach to the analysis of

these behaviours. The characteristics of multilevel

analysis and the associated statistical theory are well-

documented and do not require repetition here (Bryk

and Raudenbusch, 1992; Longford, 1993; Goldstein,

1995; Kreft and de Leeuw, 1998). The analytical use of

Table 1

The factors associated with smoking

Factor Study examples

Social class Golding (1987)a; Public Health Service, 1989; Amos et al. (1990)a; OPCS (1991)a;

Campion et al. (1994)a; Courti (1994)a; Shewry et al. (1992)a; Glendinning et al.

(1994)a

Gender Golding (1987)a; Amos et al. (1990)a; Oakley et al. (1992)a; Uitenbroek and

McQueen (1993)a; Galt et al. (1994)a; Escobedo and Pedicord (1996)

Age Public Health Service (1989); Amos et al. (1990)a; Taioli and Wynder (1991);

Uitenbroek and McQueen (1993)a; Courti (1994)a

Marital status Amos et al. (1990)a; King et al. (1990)

Employment status Amos et al. (1990)a; Shewry et al. (1992)a; Campion et al. (1994)a

Income Oakley et al. (1992)a

Smoking status of family members Golding (1987)a; Lau et al. (1990); Campion et al. (1994)a; Wang et al. (1995)

Smoking status of friends Wang et al. (1995)

Educational attainment King et al. (1990); Shewry et al. (1992)a; Campion et al. (1994)a; Escobedo and

Pedicord (1996)

Tenure Oakley et al. (1992)a; Shewry et al. (1992)a

Ethnicity Public Health Service (1989); MMWR (1992)

Use of alcohol and drugs Blaxter (1990)a; Oakley et al. (1992)a

a These studies are drawn from UK data and are more relevant for the purpose of covariate identi®cation for the project outlined

in this paper. The importance and e�ects of individual covariates may vary from nation to nation.
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multilevel models in the study of health data is also
well-established. The national datasets used to cali-

brate these existing studies provide an added reason
for the use of multilevel models: not only are the beha-
viours in question the subject of individual and eco-

logical in¯uences, the datasets are based on
hierarchical sampling structures in which individuals or
households are selected from higher levels of aggrega-

tion. E�ective modelling requires recognition of multi-
level processes and the autocorrelation consequent
upon hierarchical sampling designs.

There are thus substantive and methodological
reasons for the use of multilevel models in the analysis
of national survey data on health-related behaviour. A
comprehensive model of a particular health-related

behaviour should enable the prediction of that beha-
viour as the outcome of processes operating at di�er-
ent `levels' Ð individual or ecological. Importantly a

multilevel approach can also take simultaneous account
of these in¯uences whereby the e�ect of a process at
any one level can be assessed given the process at play

at the other levels. Furthermore, this methodology
allows for the accommodation of between-level inter-
action e�ects and an understanding of the nature of re-

sidual unaccounted variation at each level.

Methodology

Candidate survey data
There are several candidate data sources for the cali-

bration of multilevel models of smoking and drinking
behaviour in England and Wales. Suitable sources
need to have in common a number of key character-

istics. First, in order to provide a basis for addressing
the charge that local surveys date rapidly, they must
be repeated regularly employing standardised uniform
question formats. Second, to accommodate the need to

consider both individual and ecological aspects of
smoking and drinking behaviour, raw individual data
nested within `higher level' areas must be available.

Third, they must satisfy the statistical requirements for
multilevel modelling: quantitatively large and with
well-found, tested and robust hierarchical sampling de-

signs. Fourth, to facilitate wide usage, they should be
free or low-cost to academic and user communities.
The notion of the ideal survey covering all the factors
associated with smoking or drinking within a clearly

de®ned and openly disclosed multilevel structure is
unrealisable in practice. Nevertheless there should also
be a core range of contextual variables.

Four sources satis®ed these desiderata: the Health
Survey for England (Colhoun and Prescott Clarke,
1996),the General Household Survey (ONS, 1996), the

British Household Panel Survey (Rose et al., 1994;
Taylor, 1996), and the Health and Lifestyle Survey
(Cox et al., 1987; Cox, 1988). Table 2 summarises theT
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key di�erences between these sources. There are

strengths and weaknesses to each and some variations

in the multilevel structures. The Health Survey for

England (HSE) was devised initially as a monitoring

instrument for certain Health of the Nation goals and

is a large health-focussed survey. The General

Household Survey (GHS) has a broadly similar sample

size and design but is a multipurpose survey of which

health matters are just one component. Although tra-

ditionally undertaken annually, its collection was sus-

pended in 1997 though subsequently reinstated. The

British Household Panel Survey (BHPS) is a rather

di�erent type of study. It follows the same respondents

through time and is thus ideal for longitudinal work

though consequently it has a smaller sample size. It

does not however cover alcohol consumption. The

Health and Lifestyle Survey (HALS) is included for

reasons of completeness although the 1991 resurvey of

the original HALS respondents saw an inevitable re-

duction on the original sample size.

A series of exploratory multilevel models was run

using comparable variables drawn from each of the

candidate surveys. These revealed broadly similar

results for the two large routine governmental surveys

Table 3

Model results

Smoking Problem drinking

estimate standard error estimate standard error

Constant ÿ0.988 0.0676 ÿ2.037 0.091

Male 0.388 0.0942 1.113 0.1123 Individual terms: main e�ects

Single 0.751 0.1098 0.423 0.1427

16±24 0.339 0.1414 ÿ0.142 0.2086

35±44 ÿ0.097 0.0942 0.141 0.1202

45±54 0.032 0.0969 ÿ0.011 0.1291

55±64 ÿ0.337 0.1103 ÿ0.258 0.1463

65±74 ÿ0.643 0.1297 ÿ0.633 0.1833

75+ ÿ1.235 0.2593 ÿ0.675 0.3097

Male 16±24 ÿ0.092 0.2336 0.196 0.2865 Individual terms: 2-way interactions

Male 35±44 ÿ0.183 0.1343 ÿ0.156 0.1541

Male 45±54 ÿ0.347 0.1388 ÿ0.034 0.1628

Male 55±64 ÿ0.415 0.1556 ÿ0.121 0.1814

Male 65±74 ÿ0.308 0.1783 ÿ0.116 0.2209

Male 75+ ÿ0.476 0.3385 ÿ0.693 0.3747

Single 16±24 ÿ0.809 0.1832 0.176 0.2535

Single 35±44 0.094 0.1729 ÿ0.161 0.2224

Single 45±54 ÿ0.394 0.1819 ÿ0.107 0.2352

Single 55±64 ÿ0.111 0.1916 ÿ0.822 0.3038

Single 65±74 ÿ0.485 0.1894 ÿ0.552 0.2787

Single 75+ ÿ0.585 0.2995 ÿ1.071 0.3881

Single male ÿ0.727 0.1609 0.071 0.1846

Single: male: 16±24 0.433 0.2881 ÿ0.433 0.3422 Individual terms: 3-way interactions

Single: male 35±44 0.328 0.2549 ÿ0.183 0.2922

Single: male 45±54 0.854 0.2745 0.168 0.3111

Single: male 55±64 0.596 0.2926 0.357 0.3811

Single: male 65±74 1.167 0.2881 0.342 0.3601

Single: male 75+ 1.203 0.4373 0.863 0.5101

%No car 0.009 0.0015 NS NS Ecological e�ects: level-2

%2+cars ÿ0.007 0.0017 0.005 0.0017

%Private rent 0.003 0.0014 0.005 0.0029

%Social class 1 or 2a NS NS 0.007 0.002

Single: %2+cars 0.005 0.0022 NS NS Cross-level interactions

Male: %social class 1 or 2 NS NS ÿ0.007 0.0022

Male:%private rent NS NS ÿ0.008 0.0029

Single: %Social class 1 or 2 NS NS ÿ0.006 0.0023

Single: %private rent NS NS 0.008 0.0029

a These are the two highest social classes in the current UK classi®cation.
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(the HSE and the GHS). The HSE was chosen for
further analysis in view of its greater health focus, its

more extensive coverage of detailed aspects of smoking
and drinking, its importance in the context of o�cial
health policy, and, at the time of research, its more

secure future. Both the BHPS and HALS were rejected
because of their smaller sample sizes. In the case of the
BHPS this led to exploratory multilevel models with

factors unexpectedly failing to reach statistical signi®-
cance. For HALS there were arguably too few obser-
vations for e�ective multilevel analysis in the 1991

dataset and the 1985/6 set was thought too dated. The
BHPS was also rejected because it did not cover alco-
hol consumption.

Developing models for predicting smoking and problem

drinking prevalence
The HSE, as suggested, o�ers a number of ways of

measuring smoking and alcohol consumption beha-
viour. As the aim of the research was the generation of

small-area estimates of the prevalence of particular
behaviours, straightforward de®nitions were adopted.
The response variables were de®ned in terms of a bino-

mial healthy/unhealthy dichotomy. For smoking, the
response variable was simply whether or not a person
smoked tobacco. For drinking, men were classi®ed as

problem drinkers if their consumption equalled or
exceeded an average of 21 units per week over the past
year, while the cuto� for women was 14 units1 (see
Table 3).

The multilevel structures adopted for both smoking
and drinking attempted to model individual behaviour
in terms of factors operating at three levels: the indi-

vidual, the postcode sector unit (PSU) and the district
health authority. The rationale for the inclusion of in-
dividual-level variables has been outlined above. PSUs

were used as crude analogues of the local community,
the areas providing the context for individual beha-
viour. Health districts o�ered a relatively disaggregate

level at which to take account of broader `regional'
variation while simultaneously bene®ting from a reson-
ance with NHS policy-making and avoiding the
overly-heterogeneous diversity of regional health auth-

orities. Though potentially of considerable sociological
signi®cance, households were not modelled as an expli-
cit level in the analysis. First, there remain technical

di�culties in estimating the random part for a bino-
mial model with household as level-2. When health-re-
lated behaviour is measured on a safe/unsafe

dichotomy, the assumption of normality is unlikely to

exist at the household level. The problem is further

complicated by the fact that there is a high proportion
of one person households in the HSE. It therefore
becomes very di�cult to separate out between- and

within-household variation because of confounding
across level-1 and -2. Additionally there are also sub-
stantive reasons for not including the household level:

in a correct model, the overall e�ect of including the
level of household would be to reduce variation at the

higher levels. As the objective of the paper is to predict
variation at the (higher) level of the PSU, it may be
appropriate to allow these higher level di�erences to

exist even if some of their variation can be explained
by household di�erences.

The multilevel software package MLn was employed
to develop the models (Rasbash and Woodhouse,
1995). The choice of MLn re¯ected user expertise and

the availability and ¯exibility of the software. Other
multilevel software could accommodate the relatively
straightforward hierarchical structures described in this

paper. A review of multilevel software is provided by
Kreft and de Leeuw (1998). MLn uses precision-

weighted estimation in model ®tting. This means that
the approach is relatively robust to variations in the
number of observations in each sampling unit. For the

dichotomous response variables used in the analysis a
binomial error assumption was needed and the appro-

priate MLn macro was employed (Goldstein, 1991). A
second order penalised quasi-likelihood (PQL) ap-
proximation, using a Taylor series expansion, was

employed to estimate the coe�cients (Goldstein and
Rasbash, 1996).
The form and content of the explanatory part of the

®nal multilevel models of smoking and drinking beha-
viour were determined both by the nature of the HSE

and by the availability of relevant information for the
local areas on which the predictions were ultimately to
be based. The chosen spatial unit for the generation of

the predictions was the local government ward. This is
a spatial area for which mortality data are routinely

released and the possibilities for associative analyses
linking mortality and health-related behaviour are thus
considerable. The source of choice for detailed contex-

tual information about factors likely to be linked to
health-related behaviours is the UK Population
Census. Unfortunately the census does not, in

England, routinely provide data for postcode sector
units, nor does the HSE identify the ward of residence

of its respondents. Two consequences arise. First, the
PSU and the local government ward have, perforce, to
assume a degree of analytical equivalence. Both are of

roughly similar size and both can be taken to o�er
some re¯ection of the local contextual setting for
health-related behaviour. Second, the ecological vari-

ables for each PSU must be estimated by using the
characteristics of the individual HSE respondents in

1 These are accepted UK and international de®nitions of

problem drinking. In the UK there have been recent attempts

to raise these limits. In this study the more conservative

®gures have been used.
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the relevant PSU; this is possible because, although no

PSU is named, the HSE discloses whether individuals

live in the same PSU.

The importance of the census as the basis for local

predictions of health-related behaviour also con-

strained the individual-level explanatory variables. The

HSE survey data generated a model of individual

smoking or drinking behaviour. The requirement for

prediction purposes was thus individual geo-located

data. The UK Census Sample of Anonymised Records

is not suitable for this purpose as its level of geocoding

is too coarse. It is however possible to use complex

cross-tabulations of routine local base statistics from

the UK Census to provide counts of the numbers of

individuals in each ward who fall in particular socio-

demographic categories. The most detailed such cross-

tabulation available at the census ward level and rel-

evant to health-related behaviour is age (grouped into

several age bands), marital status and gender. Other

important contextual variables such as tenure and

Fig. 1. Prediction process.
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Fig. 2. (a) Predicted ward smoking by English Regional Health Authority. (b) Predicted problem drinking by English Regional

Health Authority.



social class are not available in a small area cross-tabu-

lation, which also contains age and gender thus losing

the basis for age-sex standardisation. Table 3 summar-

ises the ®nal models and the results of the modelling

process2. The estimates are based on contrast coding

referenced to the modal HSE respondent (a married or

cohabiting woman aged between 25 and 34 years of

age) and are expressed as logits. The ecological vari-

ables are deviated around the HSE mean for the vari-

able in question.

The resulting models uphold conventional wisdoms

concerning both smoking and problem drinking. Male

gender and being single are particularly important fac-

tors in both cases, the former notably so in the case of

problem drinking. Age is only really of signi®cance in

the case of smoking where there are also e�ects stem-

ming from the interaction of age and marital status

and sex and marital status. The three-way interaction

of age, sex and marital status is of some relevance in

understanding the smoking behaviour of older people.

Ecological variables appear to be somewhat more im-

portant in understanding problem drinking but

although statistical signi®cance is achieved the magni-

tude of the e�ects is small. Interestingly, the a�uence

of an area, as measured by the surrogate of dual car

ownership, equates with a reduced likelihood of smok-

ing but an increased likelihood of problem drinking.

Cross-level interactions suggest that single women liv-

ing in areas with high percentages of private rented

households have a raised likelihood of problem drink-

ing while single women living in a�uent areas are
more likely to smoke.

Generating predictions

Modelling health-related behaviour using individual-
based survey instruments inevitably generates estimates
of the probability of an individual undertaking the

type of health-related behaviour selected as the re-
sponse variable. Moving from a position of knowledge
about the probability of individual behaviour to pre-

dictions of small-area prevalence involves linking local
census data to the estimates derived for the explana-
tory part of the model. In essence this requires a recog-
nition that individual probabilities are for particular

types of individual in areas with particular character-
istics. With census data on the number of individuals
of each type in each area, and the ecological character-

istics of each area, it is possible to rework the multile-
vel equations for each behaviour to generate area-
speci®c predictions.

Figure 1 summarises the processes involved. These
essentially revolve around generating logit estimates of
the proportion of people in particular age-sex-marital
status groups who smoke, untransforming the logit

form to a more familiar proportion and applying that
proportion to census data. Working principally with
the individual and level-2 components of the multilevel

model, the approach also incorporates use of the level-
3 residual. These ®gures, derived from the level-3
(DHA) random part of the model, indicate for each

DHA the speci®c variance unaccounted for by the
®xed part of the model. They allow adjustments to be
made to the estimates to take account of the speci®c

Table 4

Highest and lowest ward predictions

Smoking Problem drinking

ward DHA ward DHA

Five highest predictions

Trescoa Cornwall & Scilly Central Oxford Oxfordshire

Central Oxford Oxfordshire Walbrooka City & Hackney

Abercromby Liverpool Farringdon withina City & Hackney

Granby Liverpool Queens Aldershot W Surrey & NE Hampshire

Hulme Central Manchester Stamfordham Northumberland

Five lowest predictions

St Leonards & St Ives East East Dorset Sackville Hastings

Little Aston SE Sta�ordshire Clyst Valley Exeter

West Chillington Worthing Haven NE Essex

Stourton Mid Sta�ordshire Partsoken2 City & Hackney

St Leonards & St Ives West East Dorset Bartholemews NE Essex

a Predictions should be viewed as unstable as the denominator ward populations are extremely small in comparison to ward

mean populations.

2 A listing of the log ®le used in the analysis reported in the

paper is available from the authors upon request.
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circumstances in each of the 177 district health auth-

orities identi®ed by the HSE.

The importance and application of this method lies

in its generation of ward predictions for smoking and

drinking. The summary geography of these predictions

indicates that, on average around 28% of a ward

population will be smokers and around 19% will be

problem drinkers. There is little variation across

England at the district health authority level for pro-

blem drinking (range 15±25%) with higher levels of

problem drinking being concentrated in district health

authorities with younger a�uent populations and high

levels of army personnel. Smoking exhibits slightly

more geographical variation at the district health auth-

ority scale with predicted district health authority

means ranging from 23% in parts of East Anglia and

the Welsh Marches to around 40% in Liverpool and

Central Manchester and the northeast.

Figures 2(a) and (b) focus down to ward-level geo-

graphical variation through boxplots for, respectively,

smoking and problem drinking at the ward level for

each of the 14 former regional health authorities for

England. Wards in the north and northwest RHAs

have, on average higher predicted levels of smoking

whilst the mean of the ward values for problem drink-

ing is highest in the Oxford RHA. The range of pre-

dicted ward values for smoking is far greater than that

for drinking and outliers and extreme values suggest

that there may be four wards where around 50% of

the post-16 population are smokers. Equally there are

two wards where around one-third of the post-16

population may be problem drinkers.

Table 4 extends this consideration of the extreme

values from the predictive models. Four wards are

highlighted with an asterisk, three in the City &

Hackney DHA in Central London and one on the

Isles of Scilly. The predictions for these wards should

be viewed as unstable as the denominator ward popu-

lations are extremely small in comparison to ward

mean populations. The Central ward in the City of

Oxford yields high predictions of both smoking and

problem drinking prevalence re¯ecting in large part its

peculiar demographic mix and blend of high and low

social status. Other high smoking wards are in inner

city Liverpool and Manchester. Low levels of smoking

and problem drinking are predicted in rural areas and

the urban fringes of resort towns.

Conclusions

This paper has outlined a new approach to generat-

ing small-area predictions of health-related behaviours,
in this case smoking and problem drinking. The feasi-
bility of an approach based on calibrating a multilevel

model using national survey data and then using the
resulting model in conjunction with local Census data
has been con®rmed. It is possible to generate small-

area predictions of health-related behaviours, which
conform to expected patterns and vary in an expected
way around established national and regional means.

Further work has explored the relationship between
these `synthetic estimations' and the results of local

surveys and the impact of using a multilevel approach
(Moon et al., 1998). For the purposes of this methodo-
logical paper however, two key concluding points can

be made.
First, the models on which the predictions outlined

in this paper are based are deliberately simple.

Following Kreft and de Leeuw (1998), the models have
been developed on the basis of theoretical justi®cation
and with the objective of prediction and the avoidance

of over-parameterisation. Thus, the chosen parameters
were theoretically justi®ed as appropriate measures to
achieve standardisation of individual responses and

capture the impact of deprivation ecologies and, while
more complex models might have been developed had
the objective of the study been the description of

health-related behaviours, few parameters were used
because of the limits imposed by the need subsequently

to use the Census to generate predictions. The form of
the models was also, of necessity kept relatively simple.
Although within-level interactions and cross-level inter-

actions were explored at both the individual and the
ecological levels and all individual within-level inter-
actions were retained in the ®nal models, cross-level in-

teractions and interactions at the ecological level were
only retained if signi®cant. Furthermore, a simple ran-
dom intercepts form of model was used. This enabled

DHA-level adjustment factors to be identi®ed. More
sophisticated fully-random models would have intro-
duced terms which would not have assisted the ®nal

generation of predictions. The net result of this model-
ling strategy is that the models, as presented, are `®t-
for-purpose' but in other senses limited3.

Despite these matters, the second conclusion must
be that the approach presented in this paper represents

an advance on previous practice regarding the gener-
ation of small-area data on health-related behaviours.
The survey with which the multilevel model basis to

prediction is calibrated, the HSE, is repeated on an
annual basis and, though the Census itself is decennial,
the most important variables in the multilevel models,

those at the individual level, are frequently collected or
themselves estimated for ward areas at more frequent

3 One such limitation has some relevance for the predictions

as generated. The random components of the problem drink-

ing model indicated signi®cant remaining variation at the

PSU level. As the location of PSUs is unknown this variation

cannot, unlike DHA-level variation, be accommodated by an

adjustment factor. Consequently, rather less reliance should

be placed on the problem drinking predictions.
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intervals. The approach therefore o�ers the prospect of
more timely information on health-related behaviours.

Given public availability of the component datasets it
is also considerably cheaper than the more traditional
local survey.
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