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Abstract

Spatially disaggregated surveys of smoking behaviour are rare and hence estimating the geography of the incidence of
smoking is difficult. The main aim of this study is to develop a technique for estimating smoking probability for
different age/sex groups in small areas across the whole of Scotland using information on smoking behaviour from the
Scottish Household Survey. This is useful not only in its own right, but as an aid to studies of geographical variations in
diseases such as lung cancer that, as a first step, need to control for smoking behaviour. The method developed uses
individual-level characteristics from the Scottish Household Survey combined with a set of output area and pseudo-
postcode sector measures from the 1991 census to model the probability of smoking. The parameters from this model
are then used to make smoking predictions by age and sex for output areas across Scotland. This is the first time that

such geographically detailed estimates of smoking have been made available.

© 2003 Elsevier Science Ltd. All rights reserved.
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Introduction

This study is part of a larger project on the geography
of lung cancer incidence across Scotland. Of the known
causes of lung cancer smoking is the most significant. It
is therefore important to be able to estimate the
probability of smoking among different groups of the
population as a first step in investigating other causes of
lung cancer. For example ecological studies that
consider the influence of radon upon the incidence of
lung cancer must control for smoking (Stidley and
Samet, 1993). This paper therefore presents a method
that can be used to estimate smoking probabilities for
different age and sex groups in small areas across
Scotland.

Smoking has been identified as the most significant
cause of cancer, responsible for 40 percent of all cancer
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deaths and 18 percent of all deaths worldwide (Peto,
1994). It has been estimated that smoking kills two
million people a year in developed countries, half of
whom die aged between 35 and 69. This accounts for
about one-sixth of all deaths in these countries (Peto,
1994). Studies of smoking behaviour (e.g. Balarajan and
Yuen, 1986; Blaxter, 1990; Graham and Der, 1999) have
traditionally focused upon national trends, regional
trends or trends within certain groups of a population,
but there has been less work on the geographical
patterns of smoking behaviour in small areas. This is
despite suggestions that smoking is the single most
important factor that determines geographical varia-
tions in mortality. For instance, it has been shown that
mortality is 15 percent higher in the most deprived
districts compared to the most affluent districts and that
differences in smoking behaviour account for 85 percent
of the excess (Law and Morris, 1998). Only through
focusing on relatively small geographical areas can a
better understanding of smoking behaviour be achieved
(Twigg, 1999).
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The aim of this study is to make predictions about the
probability of smoking among people in different age/
sex groups in small geographical areas across Scotland.
Such geographical estimates are valuable, as they enable
us to control for smoking behaviour in epidemiological
and ecological studies of various diseases. In particular,
they are useful for studies of the effects of factors other
than smoking on the incidence of lung cancer. Given
that these estimates need to be reasonably reliable, it is
important that the model used is as accurate as possible.

In addition to data at the individual level, we have
used small-area data to assist in the modelling process.
A number of studies have demonstrated the importance
of both individual and contextual influences on health-
related behaviour (e.g. Macintyre et al., 1993; Philli-
more, 1993; Jones and Duncan, 1995). Twigg et al.
(2000) demonstrate the importance of using both
individual and contextual factors to predict the prob-
ability of smoking in England.

Related work includes that of Barnett (2000), who
focused on the contextual factors affecting smoking
rates in Christchurch, New Zealand. He showed that
smoking levels vary according to the level of deprivation
and degree of social mixing in an area with deprived
populations having the highest smoking rates. Dichr
et al. (1993) found that the prevalence of smoking varied
significantly between 15 different communities in the
Western United States, even once they had controlled
for demographic, health status, and health behaviour
characteristics of the people in those communities.
Duncan et al. (1999) used multi-level modelling techni-
ques and found that neighbourhood deprivation had an
independent effect on individual smoking behaviour.
Each of these studies suggests that the characteristics of
local areas are an important determinant of smoking
behaviour.

Of most relevance to this study, Twigg et al. (1998)
used multi-level models to predict smoking (and
drinking) behaviour in England to explore whether
factors that influence smoking behaviour operate at
different spatial scales. Their multi-level model operated
at three scales: the individual (from the Health Survey
for England), the postcode sector, and the district health
authority. Area-specific predictions were then derived
for a fourth set of areas—wards. They found that on
average 28 percent of a ward population in England
were smokers. The highest values tended to be found in
inner cities, while the lowest rates were in rural areas and
the urban fringe of resort towns.

We have attempted a similar analysis for Scotland,
although for 1991 Census output areas (OAs)', rather
than larger units such as postcode sectors or wards.
There were 38,254 OAs in Scotland in 1991. The results

"Output Areas in Scotland are equivalent to Enumeration
Districts in England and Wales.

are produced for 12 age/sex groups. In addition to
variables at the individual level, Output Area composi-
tion variables were used, as well as two variables
measured for larger areal units: ward type (as defined
by the ONS ward classification) and the Carstairs index
of deprivation.

Data and methods

This study uses a mixture of individual-level survey
and area-level census data to make predictions about the
probability of smoking among 12 age/sex groups in
Scotland. In an ideal situation, individual-level data
would be available for small geographical areas, both
for smoking behaviour and other individual character-
istics as well as for those local area characteristics
expected to influence smoking. However, much of the
information collected in surveys is considered to be
confidential and is therefore not released below broad
geographical regions. In the absence of individual-level
information, it is often necessary to undertake ecological
analysis, involving the use of comprehensive aggregate
data sets over wider geographical areas. In this study the
available information included a small number of
individual-level variables from the Scottish Household
Survey (SHS) and a larger number of area-level
variables from the 1991 British Census. Below we
describe these data and the multi-level modelling
approach we used to estimate smoking behaviour across
Scotland.

Scottish Household Survey

The SHS was commissioned by the Scottish Executive
in 1998 to provide household and individual data that
were not otherwise available in Scotland and which
would aid policy making and inform the Scottish
Parliament (Dixon and Finlayson, 2000). The survey is
intended to provide accurate, up-to-date information
about the characteristics, attitudes and behaviour of
Scottish households and individuals on a range of issues
such as population, housing, economic circumstances,
household resources and involvement in the community.

The SHS includes individuals from a diverse set of
geographical areas using the Postcode Address File
(PAF) as its sampling frame. One of two sample
structures was used depending on the population density
of the local authority. If the population density was 500
or more persons per square kilometre, a systematic
random approach was adopted, where a random sample
of addresses were drawn from each stratum of a
geodemographic classification system called the Scottish
MOSAIC. If the population of the local authority was
less than 500 per square kilometre then the interviews
were clustered in primary sampling units (PSUs). The
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SHS aimed to conduct eleven interviews per PSU and to
have a minimum of 50 PSUs within each of the local
authorities (Anderson and Hope, 2000).

Our study used data from the first year of the survey,
and includes records on 13,784 individuals over the age
of 16, distributed across Scotland. Usually this informa-
tion is disseminated for broad geographical areas such
as local authorities or for population subgroups, but we
required more geographically detailed information at
the OA level. In order to maintain the confidentiality of
each survey respondent, only a few individual-level
variables were provided. These were age, sex, whether
the person smoked and the OA in which he or she lived.
The ages of the individuals were recoded into six
categories that are commonly used in reporting results
from the 1991 census (1624, 25-34, 3544, 45-54, 55-64
and 65 and above) providing 12 age/sex groups for
which the probabilities of smoking could be calculated
(Table 1).

These probabilities are consistent with trends that
have been observed in other studies (e.g. Uitenbroek and
McQueen, 1993). The probabilities are higher for
younger women (especially ages 16-24) than for younger
men. In contrast, the rates are lower among older
women compared to men in the same age group,
reflecting historical gender differences in smoking
behaviour. It was not possible to obtain any other
variables at the individual level. However, because we
know the OA in which each individual lived, it was
possible to add area-based information from the census
to improve our model of geographical variations in
smoking behaviour.

Census data

A number of 1991 census variables were extracted at
the OA level and were used as additional explanatory
variables in order to predict the probability of a
respondent being a smoker. The 13,784 individuals were
distributed across 7,127 of the 38,254 Scottish OAs,
which are the smallest set of units for which data are
available in the Scottish census (containing on average

Table 1
Probability of smoking using the raw data from the Scottish
Household Survey

Age Raw data
Male Female

16-24 0.331 0.369
25-34 0.384 0.386
35-44 0.346 0.334
45-54 0.348 0.334
55-64 0.342 0.299
65+ 0.212 0.186

approximately 50 households). A selection of census and
census-derived variables were chosen at the OA level to
represent the characteristics of either individuals or
households resident in the OA. In addition, two
variables were extracted for pseudo-postcode sectors
(PPSs) (Table 2). PPSs are neat aggregations of OAs and
there are 1,003 PPSs in Scotland. Because of their size

Table 2
Census variables used in the logit model

Person variables (OA level)

% unemployed?®

% of males unemployed®

% of females unemployed®

% of unemployed individuals in 9 age groups®

% of individuals working in managerial and administrative
occupations®

% of individuals working in professional occupations®

% of individuals working in associated professional
occupations®

% of individuals working in clerical and secretarial
occupations®

% of individuals working in craft and related occupations®
% of individuals working in personal and protective
occupations®

% of individuals working in sales occupations®

% of individuals working in plant and machine operative
occupations®

% of individuals working in other occupations®

% of individuals with further education qualifications®
% of individuals who were widowed or divorced®

% of residents in households with an economically active head
of household in a lower social class group (IV or V)*

Household variables (OA level)

% owner occupied households®

% privately rented households®

% of households renting from a housing association or local
authority® (HA/LA)

% of one person households®

% of households with dependent children®

% of households with a lone parent®

% of households without a car®

% of overcrowded households (1 or more persons per room)*

Population density (a surrogate urban/rural indicator)®
Place variables (PPS level)

ONS ward classification
Carstairs index of deprivation®

#Each variable was compared to the log of the variable.

®Each variable was compared to the log of the variable and
age-specific and sex-specific variables were also calculated and
then applied to the individual depending on their age and sex.
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these areas may better reflect the likely ‘daily activity
spaces’ of people providing an indication of the ‘place’
in which people live. OAs, on the other hand, are much
smaller and homogeneous, providing a good indication
of the type of person who lives in a place.

The variables used in the modelling procedure were
chosen to provide the best possible estimates of
smoking. Here we control for the individual’s age and
sex, and the characteristics of individuals and house-
holds of those living in the same OA, before testing the
two PPS-level variables for significance.

The characteristics of people within OAs used in the
model included percentage information on unemploy-
ment, occupation, qualifications, marital status and
social class. Where a percentage variable had a skewed
distribution, logarithms were used. The variable was
then used either in logged or unlogged form, according
to which was most significant in the model. In addition
to these variables both age-specific and sex-specific
alternatives for each of the variables were also tested
for the relevant age/sex group. For example, instead of
using total unemployment the percentage of unem-
ployed males or females in the relevant age group was
attached to the individual data. Household character-
istics were also included, reflecting tenure, the number of
people living in the household, car ownership and
overcrowding. Again, if the variables had a skewed
distribution, logs were taken and compared. Population
density was also included at the OA level as a proxy for
the urban/rural character of a place; it has been shown
elsewhere that there are urban/rural differences in
smoking behaviour (e.g. Twigg et al., 1998).

The two variables extracted for PPSs were the
Carstairs measure of deprivation and the ONS ward
classification. The Carstairs measure of deprivation is
based on the census variables of unemployment, over-
crowding, non-car ownership and low social class. It was
included because deprivation has been shown to
influence health outcomes (e.g. Saul and Payne, 1999;
Boyle et al., 1999) and more specifically smoking status
(Duncan et al., 1999). The four component variables
were also included individually as potential explanatory
variables.

The ONS ward classification divides all wards (or
PPSs in Scotland) into a set of geodemographic classes
using a number of census variables (Wallace and
Denham, 1996). The classification has 14 groups, further
subdivided into 43 clusters, which are intended to
identify wards with similar housing and population
characteristics. Here we used the 14 groups which are:
suburbia; rural areas; rural fringe; industrial areas;
middling Britain; prosperous areas; inner city estates;
established owner-occupier; transient populations; me-
tropolitan professionals; deprived city areas; lower
status owner occupied; mature populations; and de-
prived industrial areas.

The study therefore utilises a wide range of potential
explanatory variables. Table 3 shows that the correla-
tion between the explanatory variables is relatively low
in most cases, and so multicollinearity is not a major
issue. This is even the case for the Carstairs score and the
four variables that are used to construct the score.

Modelling smoking

In Scotland 30.9 percent of people aged over 16
declared themselves as smokers (Scottish Household
Survey, 2000). The modelling procedure was designed to
determine which individual and area level variables
could best predict who was a smoker and who was not.
There were two stages in the modelling procedure. First,
using a multi-level model we estimated the probability of
smoking for the 13,784 individuals extracted from the
SHS. A number of models were examined and the
optimum model was identified. The explanatory vari-
ables included those measured at the individual, OA and
PPS levels. In the second stage, we used the parameter
estimates from the optimum model to estimate the
probability of smoking for the twelve age/sex groups in
all 38,254 OAs in Scotland.

In stage one, a logistic regression model was used.
This is appropriate where one wants to predict the
presence or absence of an outcome (in this case smoking
or non-smoking) using a set of predictor variables. A
multi-level model (Goldstein, 1995) was used to allow us
to examine whether variables measured at the PPS level
(contextual effects) influenced smoking behaviour above
and beyond the effects measured for individuals and
OAs. Given our data, a three-level model would be
preferable, where individuals were nested within OAs,
which themselves nest within PPSs. However, the
number of individuals per OA (an average of less than
two) meant that it was not possible to treat OAs as the
second level. Consequently, we used the individual-level
variables (age and sex) along with the OA variables at
level one and two PPS variables at level two.

Initially, we used a simple model that included only
age and sex as explanatory variables. The aim of this
model was to test whether there was significant random
variation at the PPS level (level 2) before the census-
based explanatory variables were included. Then, each
of the remaining potential explanatory variables were
tested individually, both in their raw and logged form,
where applicable, and the more significant of the two
was retained in the model. Interactions between age and
sex and between age, sex and all other census-based
variables were tested. If any of the interactions were
found to be significant they were retained in the model,
along with the variable involved. A stepwise approach
was used to fit the model and the results are discussed in
Section 3 below.
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In the second stage of the analysis, the probability of
smoking was calculated from the multi-level model
parameters for each age/sex group. These probabilities
could then be put together with the age/sex composition
of each OA to calculate the probability of smoking for
all OAs in Scotland. The model results are based on data
for individuals distributed across only 7,127 OAs, but
the model parameters for each age/sex group were
applied to all 38,254 OAs in Scotland.

Results and discussion

The parameters of the first multi-level logistic model
are shown in Table 4. The results show that the
probability of smoking was lower for females compared
to males, and lowest for those older than 65. The highest
probability of smoking was for those aged 25-34. These
results correspond with what we would expect from the
raw probabilities in Table 1. The random variation at
level 2 is significant, suggesting that the probability of
smoking does vary contextually.

The model was then extended to include the census-
based explanatory variables and a total of ten variables
were significant in the final model, along with one
significant interaction (Table 5). Both of the individual-
level variables (age and sex) were highly significant,
which is consistent with a number of previous studies
(e.g. Amos et al., 1990; Uitenbroek and McQueen, 1993;
Twigg et al., 2000). It was perhaps surprising that the
interaction between age and sex was insignificant in this
model in light of the raw probabilities in Table 1 and this
suggests that the observed age/sex differences are
explained by other characteristics that are accounted
for in this model. Note that during the stepwise
modelling procedure the interaction between age group
and sex was significant initially, in line with the results in
Table 1, but it became insignificant when other variables
were introduced.

Table 4
Logit model with smoking as the dependent variable and age
and sex as independent variables

Variable Parameter estimate  Standard error

Constant —0.598 0.072

Level 1 fixed effects

Female —0.084 0.039
Age 25-34 0.158 0.078
Age 35-44 —0.014 0.079
Age 45-54 —0.004 0.081
Age 55-64 —0.108 0.082
Age 65+ —0.748 0.080
Level 2 random effects 0.195 0.025

Table 5
Final logit model with smoking as the dependent variable

Variable Parameter Standard error
estimate
Constant —1.407 0.101
Level 1 fixed effects
Female —0.146 0.041
Age 25-34 —0.025 0.110
Age 35-44 —0.181 0.108
Age 45-54 —0.040 0.113
Age 55-64 —0.219 0.117
Age 65+ —0.707 0.081
Population density 6.00E — 06  3.00E — 06
Log of % of individuals 0.034 0.013
classified as working in
clerical and secretarial
occupations
% Of individuals classified 0.004 0.001
as working in plant and
machine operative
occupations
% Of households without 0.008 0.002
a car
% Of households rented 0.006 0.001
from a housing association
or local authority
Log of % of privately 0.034 0.013
rented households
% Of lone parent 0.013 0.004
households
Level 1: 2-way interaction
Age 25-34 « HA or LA 0.005 0.002
Age 35-44 « HA or LA 0.008 0.002
Age 45-54 « HA or LA 0.004 0.002
Age 55-64 « HA or LA 0.004 0.002
Level 2 fixed effects
Carstairs index 0.026 0.007
Level 2 random effects 0.018 0.014

Of the OA-level variables derived from the census
which relate to individuals, the log of the percentage of
individuals classified as working in clerical and secretar-
ial occupations and the percentage of individuals
classified as working in plant and machine operative
occupations were found to be positively significant. Of
the household variables the percentage of households
renting from a housing association or local authority,
the percentage of privately renting households, the
percentage of households without a car and the per-
centage of lone parent households all increased the
probability of smoking. The first two of these are
consistent with other studies that have shown smoking
status to be strongly related to housing tenure (Graham
and Der, 1999). Smoking also increased with population
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density suggesting that living in an urban area increases
the probability of smoking, as was also found in Twigg
et al. (2000).

It was perhaps surprising that some of the other
variables were not significant in light of previous studies.
For example, a number of studies have shown that
educational attainment is associated with smoking (e.g.
King et al., 1990; Shewry et al., 1992; Escobedo and
Pedicord, 1996; Graham and Der, 1999) whereas in this
study the percentage of individuals with further educa-
tion qualifications was insignificant. Marital status has
also been shown to be associated with smoking (Amos
et al., 1990; Shewry et al., 1992) but the percentage of
one-person households and the percentage of individuals
who were widowed or divorced were insignificant here.
Studies such as those by Amos et al. (1990) and Shewry
et al. (1992) have also shown smoking to be related to
unemployment but in this analysis the percentage
unemployed was insignificant. The age-specific and
sex-specific variables (for example, the percentage of
unemployed males and unemployed females) were not
found to be as significant as the non-specific variables
(such as the overall percentage unemployed).

Note, however, that the studies cited above used
individual-level data and the variables we have used are
measured at the OA level, raising questions relating to
the ecological fallacy. For example, we do not know
whether the individuals in the SHS sample have further
qualifications or not; we only know the percentage of
people living in the same area who had further
qualifications according to the 1991 census. It is not
possible, therefore, for us to state that having further
qualifications is unrelated to the probability of smoking.
We can only report that the percentage of people with
further qualifications living in the same OA does not
have a significant effect on smoking probabilities,
controlling for the other variables in the model.

The Carstairs index, measured for PPSs, was also
significant in the final model. It had a positive effect
upon the probability of smoking, suggesting that even
when other characteristics had been controlled for, an
increased level of deprivation in an area increased the
probability of smoking. The ONS ward classification
was not significant. The level 2 random variation that
was significant in the model that included only age and
sex as explanatory variables (Table 4) is now insigni-
ficant. The inclusion of the area-based variables in the
model (Table 5) appears to have accounted for the
random variation.

The only significant interactions were for those four
age groups between 25 and 64 and the percentage of
households renting from a housing association or local
authority. There was a greater probability of smoking
among the younger age groups in OAs with a high
percentage of households renting from a housing
association or local authority. This was not found for

those aged 65 and above, who also happen to have the
lowest rates of smoking of all age groups.

The results for each age/sex group from calculating
the probabilities using the final multi-level logistic model
are shown in columns two and three of Table 5. These
values represent the probability of smoking in different
age/sex groups using the information from the SHS and
the associated census data and we would expect them to
be slightly different to the raw probabilities in Table 1.

The next step involved the calculation of the
probabilities of smoking for each age/sex group at the
OA level across Scotland; this was possible for 35,994
out of the total of 38,254 OAs (94.1%). It was not
possible to calculate probabilities where one or more of
the explanatory variables was missing in a particular OA
(such data were not provided by the Census Offices
because of confidentiality constraints). The ‘percentage
of individuals classified as working in clerical and
secretarial occupations’, which is derived from the 10
percent sample from the census, was missing in 1,699
OAs, for example.

The means of the resulting calculated probabilities
for each age/sex group are shown in Table 7. These can
be compared to the probabilities from the raw data
(Table 1) and the probabilities derived from the multi-
level logistic model (Table 6). In general, the calculated

Table 6

Logit model probabilities of smoking

Age Male Female
16-24 0.348 0.317
25-34 0.388 0.357
35-44 0.382 0.352
45-54 0.375 0.344
55-64 0.356 0.326
65+ 0.213 0.191
Table 7

Summary statistics for the predicted probabilities for output
areas in Scotland

Age and sex group Mean Range Minimum Maximum

Males 16-24 0.355 0.622  0.170 0.792
Females 16-24 0.324 0.616  0.151 0.767
Males 25-34 0.396 0.693  0.167 0.860
Females 25-34 0.365 0.693  0.148 0.841
Males 35-44 0.390 0.730 0.146 0.876
Females 3544 0.360 0.730  0.129 0.859
Males 45-54 0.384 0.680 0.165 0.845
Females 45-54 0.353  0.679 0.146 0.825
Males 55-64 0.364 0.706  0.142 0.848
Females 55-64 0.334  0.703  0.125 0.828
Males over 65 0.220 0.560  0.092 0.652
Females over 65 0.197  0.538 0.080 0.619
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probabilities of smoking were higher in the younger age smoking rate will be higher than the female smoking
groups and among men. Because the age/sex interaction probability for all age groups, unlike the results in the
was insignificant in the model the predicted male raw data (Table 1). This suggests that the difference

Probabilities

017 -0.29
I 0.29- 0.391
I 0.391-0.503
Il 0.503 - 0.991
[] Missing Data

Fig. 1. Probability of smoking among males aged 16-24 in Scotland.
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between the men and women in Table 1 is related to
other characteristics of men and women that are
controlled for in the model (Table 5).

Table 7 also summarises the range of predictions for
each age/sex group across the Scottish OAs. A different
probability of smoking has been calculated for each
group in each OA, based on the characteristics of the
OA. The range of probabilities for each of the groups is
quite large. For example, the predicted smoking prob-
ability for males aged 16-24 has a maximum value of
0.792, suggesting that approximately 79 percent of men
aged 16-24 smoke in that particular OA. This OA is in
Edinburgh City and has particularly high values for:
population density (144,000 per km?), Carstairs Score
(4.74), households with no car (86.2%), households
renting from a housing association or local authority
(100%), and lone parent households (22.7%). The
lowest probability that was calculated in an OA for
males aged 16-24 was 0.17. This OA is in Renfrew on
the western edge of Glasgow. It had low values for
population density (1562.5 per km?), Carstairs score
(—=7.37), households with no car (0.74%), percentage
households renting from a housing association or
local authority (0%), percentage of privately renting

households (0%), percentage of individuals classified
as having worked in clerical and secretarial occupa-
tions (0%) and percentage of lone parent house-
holds (0%).

Finally, the probabilities of smoking for each age/sex
group can be mapped. Fig. 1 shows the probability of
smoking for people aged 16-24 for the whole of
Scotland. There is a tendency for smoking rates to be
higher in urban areas than rural areas; there were
particularly high values in more deprived urban areas.
Figs. 2 and 3 show the smoking probabilities for women
aged 16-24 and over 65, respectively, in an area around
Dundee including parts of Fife and Perthshire. The
geography of smoking is broadly similar for these two
age groups, even though the levels of smoking are much
lower among the elderly. This is because the only
interaction term that was significant in the model was a
fairly small effect relating age and public housing;
otherwise the effects of other variables were the same
regardless of age group. Essentially this model suggests
that, apart from areas of housing association and local
authority housing, there is little reason to expect
smoking by different age groups to have different
geographical patterns.

Ea /

=

Probabilities

[ 10151-0.265
[ 0.265-0.363
I 0.363 - 0.473
Il 0473-0.99
[ Missing Data

T

Fig. 2. Probability of smoking among females aged 1624 in and around Dundee.
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Probability
[]o0.08-0.159
0.159- 0.234
[ 0.234 - 0.325
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Fig. 3. Probability of smoking among females aged 65+ in and around Dundee.

Conclusion

This study is the first attempt to estimate smoking
probabilities for OAs across the whole of Scotland using
a multi-level logit modelling approach. These estimates
will be helpful for use in our wider study of the incidence
of lung cancer, and we hope for other researchers in
related areas. The estimates have been calculated by
using individual-level data from the SHS in tandem with
area-based census and census-derived variables. The
mapped results from this model demonstrate the higher
probability of smoking in urban areas with particularly
high values in more deprived areas. Lower probabilities
are found in more suburban and rural areas. The results
accord with those from earlier studies that have
attempted to address this problem at coarser geogra-
phical scales. However, although the results are broadly
in accord with expectations there are a number of data
issues that should be borne in mind.

First, we used 1991 census data to model individual
level survey data from 2000. Even though the demo-
graphic and economic makeup of most OAs change only
very gradually, some OAs may have changed markedly
in 9 years between the 1991 census and the SHS. It will

be interesting to run a similar analysis using the results
of the 2001 census, when they become available, to see
how the results from the two analyses differ.

Second, there are confidentiality issues relevant to the
release of the 1991 census data that may have had a
small influence on our analysis. To maintain confidenti-
ality, OA level counts have 1, 0 or —1 added randomly
to them (Marsh, 1993). Clearly this may influence the
percentage values of the explanatory variables, espe-
cially where the counts were small. In a number of OAs
with small populations, data suppression for confidenti-
ality reasons made it impossible to calculate a prob-
ability.

Third, we are interested in using these estimates of
smoking behaviour to help explain lung cancer across
Scotland for the period around 1991. Of course, it may
be argued that it would be preferable to have smoking
estimates for a period some time ago, because we would
anticipate that there should be a lagged relationship
between environmental risk factors, such as smoking,
and lung cancer. This is difficult to achieve, as historical
data on smoking are not generally available for small
geographical areas. Also, given that our study is
ecological, even were lagged data available there would
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be no guarantee that those who developed lung cancer
resided in the same place during the lag period. On the
other hand, it is also possible that the relative
geographical differences in smoking behaviour today
are likely to resemble historical patterns of smoking
quite strongly. These combined concerns make it
difficult to judge whether crude lagged smoking data
would be better than contemporary estimates, which are
likely to be more accurate for small areas.
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