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Use of deprivation indices in small area studies of
environment and health general discussion

ELLIOTT* - I would value more discussion on the issue of
the regression versus standardisation approach and what
the advantages and disadvantages are. In the Small Area
Health Statistics Unit (SAHSU) we have a large database
with many different end points, and we have to be fairly
quick in our reactions. There is also the more substantive
issue of how to deal with individual versus group effects
and how to incorporate these in our models. Perhaps we
can start with the issue of regression versus standardisation.

Regression v standardisation
DIGGLE - Models are always a good idea in principle, but
they come with a price. Part of that price is technical
complexity, although I think that ought not to be an issue
in a research environment. In a sense we have to be
practical but also visionary - think how we would like to
do things if and when we have the technical equipment.
The important issue with models is that you are buying
extra power and extra efficiency but at a cost of extra
assumptions, and so you do need "diagnostics". A critical
comment in what Bithell said was that he checked for non-
linearity, it was not there, and he therefore had the extra
power and efficiency of his regression analysis almost
"free". If you are trying to deal with highly non-linear
relationships, however, the balance is more delicate. It is
generally true that there is balance between the extra
precision of estimation and the extra power of testing that
comes from modelling versus the extra assumptions which
need to be checked.

HILLS - Dr Bithell, if you had grouped the scores in your
analysis and then proceeded with a Poisson regression, just
as you did but with a categorical variable for the score,
would you have reached the same answer? Does it add up
to the same thing as standardisation given that your data
are based on the entire country and you have all the cases
there?

BITHELL - Mathematically no, because standardisation is
essentially multiplicative and does not correspond to a
natural model. The log linear model is multiplicative in a
sense, but I think that the algebra does not give the same
answers. Having said that, I doubt if, in reality, you would
get very different results. I know this because we did
actually try standardisation in an earlier version of our
analysis.

ELLIOTT - But we know that we should be worried about
something to do with deprivation as it is a major confounder
for us. We are concerned about age and sex, obviously,
and about region, and we have taken these into con-
sideration. Now whether or not for a particular disease or
point source these are big or small confounders does not
concern us in any way. We need to make sure that they
are dealt with, because we are interested in the independent
effects of pollution on health.

BITHELL - I think that is a fair point. I do not think it is
necessary to put only things that are significant into a
model, and indeed there are good arguments against that.

Answering questions such as "is factor x or y necessary for
this particular data set?" is much more difficult, however,
without modelling.

ELLIOTT - I agree with that. We do examine the effect of
deprivation, for example, by carrying out the analysis with
and without stratification for deprivation and looking in
each of our distance bands at the ratio of expected values.
In other words, we achieve an estimate of what percentage
difference deprivation has made to our analysis, which is
very useful. It is important to determine whether you are
dealing with deprived areas or not, in a particular case,
and therefore, how big the problem ofresidual confounding
may be, and how much has been dealt with in the analysis?

BITHELL - I think the percentage by which the expectations
change over the whole data set is quite an important thing
to keep an eye on in case it is greatly at variance with your
feelings about how important those factors are.

STAINES - From your point of view, Dr Elliott, what is the
disadvantage of modelling?

ELLIOTT - In SAHSU, we need a system that can deal
quickly with small areas from a very large data base and
produce some basic epidemiological statistics, such as the
underlying SMR of an area. Let me turn the question
around - the advantage of our current methodology is that
we can do a one off calculation for the country of national
standard rates based on enumeration districts (ED), and
we store them. Then for a small area with a certain age,
sex, and deprivation mix in a given region, we can quickly
come up with observed to expected ratios, and we can test
these. Now it seems to me that to carry out a modelling
approach appropriately and properly we would need to do
a separate analysis each time, look at "diagnostics", as
Bithell was saying, and then test our assumptions. At the
end of the day it might well be better. I am actually in the
"modelling camp" myself, but it seems to me that we need
to do much more to be able to feel comfortable with our
results. I am open to being told that modelling is the right
thing to do, and to rethink.

BITHELL - I think that if you are talking about 130 000
EDs, and every time you want to redo calculations on a
small area you have to go through that process, you may
well have a point.

ELLIOTT - One could go to regional level, for example. We
already adjust for region and we could just carry out the
analysis at that level. There are still enough EDs in a
region.

BITHELL - I think it is a pretty robust algorithm. As far as
testing the model assumptions is concerned. I would not
worry about that as long as the residual deviance is not
used to say anything definite about whether everything has
been controlled for. Standardisation does not mean you
have accounted for everything - in fact, part of the object
is not to have done this because you are hoping to discover
small local effects to do with incinerators, etc.

ELLIOTT - I think that there is a more general point.
Epidemiology first went down the route of a traditional
standardisation approach and then into modelling. Often

*Names and addresses of those attending the workshop are to be
found on page S88.
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General discussion

both are seen, and often it does not appear to make that
much difference. It seems to me that we are doing pretty
well with a standardisation approach and wonder whether
the extra effort involved with modelling would mean much
better results. It is a trade off of resources.

BITHELL - I would not say that it is a very serious technical
problem. Even having to write your own routine to integrate
into existing software is not particularly difficult.

Individual and group data
ELLIOTT - Let us move on to the question of how to deal
with individual and group level data. How do we bring
them together, and what does it all mean anyway?

OPENSHAW - There is a general misunderstanding about
the nature and reality of these arbitrary area units called
wards and EDs. Doctors normally study people - people
are fairly naturally defined objects. They would never take
measurements on a bit of leg from one person, a bit of
head from another, and some arm from a third and expect
to make a sensible analysis of it. But I suspect that this is
exactly what some are doing in the geographical context.
Wards are not all the same - a ward in a rural area is
different from one in the middle of London, and EDs
differ too. Perhaps the problems I have been hearing today
and I know about from previous work in epidemiology
arise because we take these objects as fixed, given things.
We try not to change them, we pretend that making them
bigger will make them worse (and this might not always
be true), and then we try to recover from the consequences
of this stupidity. We have now the technology to re-engineer
the zoning systems used to make it easier to undertake
epidemiological analysis, and the obvious thing to do is to
amalgamate the EDs into areas that are more homogenous
in relevant respects. Even EDs are not homogenous, they
are very heterogenous but that heterogeneity varies across
the country - EDs in rural areas will be much more
homogenous than in towns. Perhaps you should re-
aggregate, re-engineer, the units to make a new set of a
smaller number that are relatively internally heterogenous
to the same degree, and shall we say, also about the same
size in terms of risk factors or populations at risk. As I
have said, however, it is fine having a continuously varying
population or risk function, but I know of none and I
know no way of estimating these things. People are not
continuously varying across space. Population density is
not a point concept, it is an area concept, so even if
you consider continuous surfaces, the problems of having
arbitrary spatial zonation imposed on your lump of earth
surface in order to create density functions remains.

DIGGLE - I agreed with everything Openshaw said until he
talked about the aggregation of units. If you can engineer
things so that the risk factor is constant within regions,
one source of ecological bias is certainly eliminated; an
effect that may be of substantive interest in its own right
is also removed. By construction, you have denied all
possibility of investigating that risk factor, and I do not
like that. I also agree that point density of population is a
theoretical construct; but, of course, I do not use it in
practice because I condition it away, so that I am actually
modelling the risk at the level of the individual, which, as

Openshaw says, is the natural "medical" unit.
I also agree with what Elliott said after my presentation,

that I really could not completely duck the question of
what you do where there is a mixture of individual and
zonal data. The problem is that we would like to observe
something everywhere. It may not be continuously varying

- I agree with Staines that it may be bad news to live in a
particular council housing estate, which means that Z (x)
would be constant within any location on that housing
estate. In statistical terms, however, the problem is one of
missing data - we would like to observe Z everywhere but
we have only got average values for it in one region. In
principle, there is a statistical paradigm (the EM algorithm)
for dealing with incomplete data. In practice, I would be
very dubious that this would work because for a given areal
average there are all sorts of different spatial variation
patterns that might be consistent with the observed data.
It might, however, at least give a valid analysis of mixed
data even if, in effect, it is simply building up a picture
without knowing what is happening at the individual level.
Another approach would be to try to bring in some notion
of spatial smoothing. In a sense, if work is done at area
level, the average value of a covariate within a region is
used as the best guess at the value of the covariate applicable
to every individual within the region. If the variable in
question seems to change unpredictably as you move
through the region, you probably can not do any better. If
it seems to change smoothly, however, you could do better.
For example, if a covariate shows a smoothly increasing
trend across three adjacent regions in a one dimensional
world, then within any one region you might want to reflect
this in the values of the covariate you attach to individuals
according to where they live within each region.

BITHELL - I have sympathy with Diggle's approach because
I started to think about using case-control data before
there were many published reports on this. It is still not
common in geographical epidemiology largely because of
problems with getting suitable controls. I think we need
to distinguish between a risk that attaches to an individual
because of some attribute of that individual and the risk
that attaches to the individual because of some attribute
of where he lives. It is not obvious to me that the risk that
accrues to an individual through being employed should
be the same as the risk that accrues though living in an
area with a high level of unemployment. Perhaps I am
admitting that I do not take the ecological fallacy terribly
seriously. As Staines said, there are things about being in
bad areas that are independent of things about you in
particular, and so we are talking about two different aspects.
This means that if we are actually using an attribute of the
area to improve our model of risk, the fact that we are not

accurately assessing the impact of being unemployed for
an individual may cease to matter.

DIGGLE - I think that you are answering different questions.
Sloggett said earlier that if you live in the north west it will
cost you two years of life: it does no such thing, however,
because he is actually answering a different question. He
knows that, but I think we have to be careful about precisely
what questions we are asking. Many of these situations
arise in other branches of applied statistics and they are

usually called "marginalisation paradoxes". There is a

parameter in a model which means something superficially
but its precise meaning actually depends on whether you
are thinking of it as attached to an individual, or an area

of space. The fact that a percentage of unemployment can

not actually be measured at a point does not matter

provided it can be measured at a relevant level, and its
effect analysed appropriately. So I do take Bithell's point
that there is a distinction between the mathematical for-
mulation of Z (x) and what it actually means in practical
terms. If the real question is how much younger the
population as a whole dies in Lancashire than in Surrey,
then ecological analysis answers that question. Why? is a

different question altogether.
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General discussion

Modelling at area and individual level
ELLIOTT - It seems to me that the studies that we are
concerned with - the effects of pollution on health - really
are at this boundary between the individual and the group
level. Pollution per se is an ecological variable. If you live
near a chimney stack, models ofdeclining risk with distance
based on some sort of underlying pollution-decline model
can be used. But of course, it is individuals, as Openshaw
has said, who are counted in the numerator because they
become sick. The next level down, is how that individual
is exposed and then becomes ill. It seems that we need to
be working at both area and individual levels. How to
model these is an open question.

READING - We seem to think that what we are measuring
is much more accurate than it actually is. All the social
variables talked about today are purely proxies and it is
likely that when we include them in our models, what we
are really measuring is which proxy is the best fit to what
is the real underlying social cause of the variation in health.
When Sloggett came up with the individual variables which
ruled out the area variables it may simply be that those
specific individual variables actually do not have anything
to do with the underlying process, they just seem to measure
more accurately what the underlying process is. In effect
he is not saying that individual social factors are more
important than the community social factors, he is simply
saying that the individual factors that he has are better
proxy measures of the underlying causes. It does not rule
out the fact that there may well be area based effects. It is
just that we do not acutally know how to measure those
because we do not know what the process is. If we are
getting into very high powered statistical models, we have
to make sure that we know what our assumptions are.

ELLIOTT - Surely we are using these proxy area variables
to measure deprivation, firstly, because of research saying
that they are predictive of health and, secondly, because
they are readily available from the census.

READING - Yes, but whether we should standardise for
individual social variables and area social variables can not
be determined because we do not know which variables
actually are important.

"Ecological fallacy"
DOLK - This question is addressed to Sloggett. A recent
paper by Eames et all showed a gradual increase in mortality
with increasing deprivation, without a threshold. This
could be an "ecological fallacy". An intermediate depriva-
tion index might mean that everybody in the area is of
intermediate deprivation or it could refer to the percentage
of the deprived people in that area, and if its the latter,
one would not expect a threshold but for mortality to go
up steadily with a higher deprivation score. In that case
individual level analysis to see whether there really is a
threshold where deprivation affects mortality would be
needed. Could you confirm, Sloggett, whether your in-
dividual level analysis showed that there was a steadily
increasing linear gradient which would indicate that this
was not an "ecological fallacy"?

SLOGGETT - Yes, I can confirm that. Also, what Reading
was saying was, I think, absolutely true. We do not know
what we are measuring, and the point of our work was to
say that if we measure deprivation by these simple census
characteristics, and, going further than that, try to plan
targetting interventions on this basis, we are not actually
doing a very good job. We are missing a lot of people who,

after knowing a few simple facts about them, the model
would say are equally at risk, but are not living in the target
area. We certainly do not know what we are measuring. We
found the north/south effect, which appears, according to
our model, to be a true ecological effect not captured in
the model. It could be a real ecological effect or it could
be a mixture of socioeconomic effects which occur in the
north and which simple things like unemployment and car
access do not even get near to capturing. Of course there
may be true ecological effects going on but much more
detail than just unemployment and low social class has to
be examined before you can pick these up.

DOLK - Because not all deprived people live in deprived
areas, is there greater discrimination at the individual level?
If, for example, there is a twofold increase in lung cancer
risk at the ecological level of deprivation, is there a fivefold
increase at the individual level, or is it the same type of
difference between different deprivation levels?

SLOGGETT - It depends what approach you take. If it is the
standardisation approach, you are comparing against the
whole population, against a group average. If you are
modelling, however, you are usually comparing against a
particularly deprived or particularly advantaged group. We
found therefore that the individual level factors had a
greater effect than the ward based characteristics. There
was a greater and steeper gradient but care is needed
because in the car and tenure example the two extremes
are being compared, whereas in other work comparisons
with group averages are being made, which is a slightly
different picture.

Asking the right questions
BEN SHLOMO - I think that I agree with all the points made
so far. Thinking about the SAHSU problem, it seems to
me that the first question you are asking is, "What is your
unit of analysis?" From SAHSU's point of view the initial
unit of analysis is the area. Does this area have a greater risk
of throat cancer or whatever, and therefore the ecological
approach is obviously appropriate. If you then show that
the risk is more than would be expected by chance variation,
the question is, "Is this a function of something about the
individuals because they smoke more or is it a function of
an ecological risk because they all live within 5 km of an
incinerator?" This is where the problem lies. Of course,
what you are doing at the moment is using deprivation
indices as a proxy measure of individual risk factors, which
is a sensible, easy, pragmatic thing to do but not, obviously,
what is really wanted. I think perhaps (and Dolk has
pointed out the problems of residual confounding and so
on), that you have to use a two stage approach. What
SAHSU is doing is fine, but where you feel that the risks
are sufficiently worrying you need to do individual based
studies to make sure that there is not something else
responsible rather than, say, the incinerator. I think it is a
little like looking for a Holy Grail.
The other aspect, briefly mentioned before and in the

paper I was involved with,' was a point that Draper sug-
gested. We were looking for the relationship with depriva-
tion as an area effect between the regions to see if there
were differences, and we found that there were indeed
differences but the question really is, "What is the meaning
of the differences?" Does it mean that it is worse to be
poor in the north of England than in the south? Is it, for
example, an artefact of the measuring tool? One of the
things we have shown is that East Anglia has a relatively
flat gradient of deprivation. East Anglia had a very narrow
range of deprivation, it is a relatively affluent area. Our
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General discussion

feeling was that perhaps the tool, as has been mentioned,
is inadequate. This is very much what the longitudinal
survey did. Workers used social class and found a twofold
gradient. They then said, "Let's classify people by social
class, housing tenure, and car ownership" and achieved a
larger gradient because they were classifying the risk factor
more accurately. We return to Reading's point - what are
we trying to measure? So I think these are the issues. From
our point of view we need to take it further to try and see
whether there are area effects.

Dangers of precision
OPENSHAW - We are taking deprivation too seriously here.
What we are getting is, in a sense, a snapshot, one point
in time, and then we are comparing that with an individual's
mortality risk or cancer risk, built on a life time's
experience. The individual might not have been in the area
for more than a week - he just happened to be there on
census night. There is simply no information on that. And
then we talk about area effects of deprivation. Really the
thing is, "What is the relevant area effect of deprivation?".
Are you deprived just because you live next door to some-
one who is or you live in an area of lots of other deprived
people? Some people would say "yes", but we can not
measure any of this because its averaged out in our ED or
ward. Are you deprived because you really are deprived?
In addition, the information we have for deprivation is not
really what we want, which is income or disposable income
- it is proxies for this, that, and the other. We are trying
to be far too precise. We should really try to develop
technology that can cope with low levels of precision and
high levels of vagueness and data error.

DIGGLE - I disagree fundamentally. We have to be realistic
and do the best that we can with current methodology,
technology, and data. We may then be forced to ignore
things for pragmatic reasons, and averaging over an area
is one way of doing that, but I think it is wrong to imply that
because you can not answer the question authoritatively at
the moment you should not be actively thinking about it
from the start. I think you have to approach the problem
as one which has some substantive content, and you have
some substantive expertise, and knowledge, and hypotheses
etc which you should enunciate . . . and you should look
at the consequences of those. If you then decide you are
not in a position to answer these questions at the moment
and will therefore average out, that is fine, but to advance
the principle that we should not worry about it seems to
me to be quite wrong.

OPENSHAW - I think you misunderstood me. I was saying
that we should try and handle these problems rather than
ignore them. We should probably recognise that we have
to become less precise in trying to handle them because
we can not be more precise. Rather than try and produce
a more and more refined, and supposedly more accurate,
deprivation index, we should have a cruder one which has
uncertainty built into it and which reflects what we know
to be the problems with computing deprivation indices
from the data we have available today.

Bringing the strands together
DOLK - Clearly there are two strands of interest. Firstly,
what is the relationship between deprivation and health,
what we can do about it, and what are the underlying
causal relationships? The other strand ofinterest to SAHSU
is, knowing all that, how can we find a relationship between
environmental pollution and health - how can we deter-

mine that part of the relationship that is over and above
deprivation? Fortunately the two strands seem to converge
on what we have been discussing - how to select a good
deprivation index; what is the difference between the in-
dices; and how can we maximally discriminate health
outcomes and capture most of the deprivation effect?

Primary care data
LIVINGSTONE - I want to pick up on Carr-Hill's point about
how it was impossible to determine which general practices
were representative of the socioeconomic status of the area.
I think this is very true, although I work in a very deprived
area like East London where general deprivation affects
everyone. I am very interested in these methodological
questions about which general data can be applied - which
proxy data and high level ward and ED data can be usefully
applied to individuals, and how we can progress when
there are inherent biases? I should also like to know whether
we should be looking for one or two specific, individual
pieces ofinformation that we could work towards collecting
on a mass, routine basis in primary care now that it is
more computerised. Information which would give us, say
in 10 years time, a better way of using individual level
morbidity data and individual level deprivation so that we
can address some of these questions on an individual level
epidemiologically.

CARSTAIRS - I think that is an interesting suggestion but
there would be great problems for GPs in collecting in-
formation of that kind, because many patients would not
see the relevance of telling the doctor about their social
circumstances. There is the additional problem that to
produce useful data you also need to collect information
from patients who do not come to the surgery, which
presents some difficulties. However, if one were going to
do this one could go beyond the variables that we have
been using to measure deprivation, which has been con-
strained by the availability of indicators from the census.
There is the question of level of income in the household.
How to allow for the size of household would present
problems, as would sources of income - whether people
are living only on pensions, or on income support, or
getting rent rebate, whether their children are getting school
meals. I think there are all kinds of indicators that we have
no access to at the moment on a national basis that could
be collected at a local level on an individual basis if patients
were willing to tell their GPs.

STAINES - Can I play devil's advocate and ask both of you,
assuming for the sake of argument that it was practical to
collect all of this information, why you would do it? What
would you actually do with the information when you had
it? I think you have to think very hard about why you want
to do something. I do not think we should collect data just
because it's there.

CARSTAIRS - I can see why GP epidemiologists would want
to collect the data because it would tell them much more
about the circumstances and therefore about the potential
health state of their population and where they might want
to focus in providing services. To be of general value,
however, these social indicators would have to be collected
on a uniform and consistent basis by all GPs, and that of
course is a much bigger problem. These data would also
eventually answer the problem that Jarman is addressing
of providing a basis to direct resources to family prac-
titioners in relation to the needs of their population. But
I do not see this being achieved in the short term and
perhaps not even the long term.
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Have things really changed since 1981?
DOLK - I would also like to introduce the question of the
extent to which the situation in 1991 is very different from
the situation in 1981, a discussion we had before. Should
we be using the same indices as we used before but just
with new census data or have things changed radically?

GORDON - There have been some radical changes in the
importance of some of these indicators. For people living
in council accommodation there has been a process
throughout the 1 980s which has been called residualisation,
the selling off of council houses. The better quality ones
have been sold leaving a poorer group of people in council
houses than in 1980.

LOVETT - The other big problem is the amount of change
in small areal units such as wards and EDs. If you are
trying to calculate something like total person years at risk
to assess cancer risks using data for the 1980s and you
want to use both the 1981 and 1991 census data, there is
a large problem in some parts of the country in identifying
common spatial units. There is no straightforward, im-
mediate OPCS data set that will let you do that.

STAINES - Could I recommend Dorling's 1991-1981 Links
(available MIDAS Service at Manchester Computing
Centre). Although they are not as simple to use as one
would like, they do help address precisely this question.

LOVETT - Yes, but the problem is that it goes backwards -
linking 1991 into 1981 areas - and for so many things we
want to put the 1981 data into the 1991 data.

STAINES - All you are doing is using a set of spatial
boundaries. For analytical purposes it does not matter at
all which set of boundaries you use. For presentation
purposes, however, it is relevant.

ELLIOTT - From SAHSU's point of view, we need to
undertake studies with some control for socioeconomic
confounding that takes in 1991 data. Much research on
the 1991 census is in its early days, yet it is now 1994. We
have, for example, only just got the 1991 digitised ED
boundaries. I would be interested to hear if anyone has a
strong recommendation as to what we should be doing
with 1991 census data to deal with the large association
between deprivation measures and ill health.

DOLK - To be more specific, is using the Carstairs index
for 1981 and for 1991 calculated similarly and with the
same variables a reasonable approach?

LOVETT - There are two things. Firstly, it would be worth
looking at the scope for updateable social indicators. You
are concentrating on the 1981 or 1991 census as sources
of information. If something like an unemployment rate,
for many purposes as good as one of those indices, is used
then that is something that is being produced regularly
from the NOMIS database at Durham. Surely it makes
more sense to use something like that which can be kept
up to date in 1995, or 1997, or whatever than worrying
about the 1991 census data. The same I think is also true
of identifying population denominators. There is a lot of
work going on at the moment comparing things like family
health services authorities (FHSA) patient registers with
the 1991 census. I know from our studies that you can
correct for some of the differences in how those two sets
of data define populations resident in different areas. I
think it could be very realistic, if not now, but certainly in
a few years time to use those sorts of registers to produce
small area population estimates.

ELLIOTT - The problem is the "if not now but in a few
years time" rider, although I agree with everything you
have said. Carr-Hill this morning said it would be nice
if the FHSA registers could give us decent population
estimates, and they probably will eventually.

LIVINGSTONE - Well, they are never going to in areas of
high mobility and we have many inner city area like that.
I think, given that most people live in the cities and there
are many inner city areas, we will never be able to rely on
FHSA registers.

GORDON - Can I comment on the point about using the
Carstairs score of 1981 in 1991. This depends upon what
it is being used for. If you are saying that a Carstairs score
of 3 in 1981 is the same as the Carstairs score of 3 in
1991, that is wrong. If we are using it to rank wards then
that is another matter.

ELLIOTT - We are using them as a ranking here. With our
methodology at the moment we do not interpolate between
the two censuses. We use the 1981 census and the Carstairs
score, or whatever, that stops at some mid-point and then
we use the 1991 census.

Unemployment data versus an index
DOLK - Does anyone want to comment on using un-
employment data which are updateable rather than an
index.

FOLWELL - With regard to the question on whether an
index like Carstairs is still as valid today as it was in 1981,
I would say that the components that go into these additive
indices are chosen fairly arbitrarily anyway. They are chosen
because they look right at the time. The difference between
Carstairs and Townsend, for example, is only one variable.
Because of problems in using some of these indices and
adding together components that should be added together
because they are not correlated, I think there is a strong
case for choosing something like unemployment, which
you know is correlated with these indices, and with standard
mortality ratios etc. Unemployment is a very good one and
any single measure index like that would probably be better
than additive indices.

CARSTAIRS - If you start to use a single measure, un-
employment in particular, there is a danger that it will be
interpreted as a causal link; researchers are not really
seeking a causal link but looking at the associations. In
addition, unemployment is not as stable as the index
measure and that might present problems. It is very nice
having such data at local level but it also means a great
deal ofwork to keep the data updated and possible alarming
shifts in relative positions over a short period.

BOOMLA - Those who are worried about the Townsend
index changing from 1981 to 1991 should also be aware
ofthe number ofdifferent ways in which the unemployment
rate has been calculated by the government between 1981
and 1991. It may prove just as unreliable an index.

ELLIOTT - May I return to Lovett's point about updating
in 1991. From our point ofview, we are far more concerned
with errors in the denominator than with some nicety of
how we get the deprivation index. For the moment, we
are stuck with 1991 and 1981 census data as snapshots of
the population. Until we can get convincing, year by year
estimates of population, achieving year by year estimates
of deprivation is asking too much as the main errors lie in
migration and the change in population structure.
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General discussion

Deprivation index as a proxy
BEN SHLOMO - Could I make a slightly different but related
point. I think your approach is very reasonable. One ofmy
concerns, Dr Elliott, is that you are using the deprivation
index as a proxy for smoking behaviour. For example, you
are looking at a malignancy that is also associated with
smoking. You do not have the smoking data, so you are
using deprivation as a proxy, which is fine, and that is all
you can do. My worry with your approach at the moment
is that you can not specifically look for interactions so
someone who smokes but happens to live near an in-
cinerator site may, in fact, have a far greater risk than
someone who does not smoke. But smokers, in general,
may have a slightly greater risk as well. And obviously what
you are looking at is the observed excess for a mixed
population of smokers and non-smokers. Therefore you
might say that overall the relative risk was 1 5, which could
include residual confounding and so on. But there might
be a true risk of 10-fold for the smokers versus no risk for
the non-smokers. I suppose, going back to the Poisson
modelling, ifone could specifically put it in as an interaction
term at least one could try and address that, but with the
current standardisation method which you are using it
seems to me you can not really look at that.

ELLIOTT - Current data on smoking of individuals are the
problem: these are very limited. There are ICD codes,
date of registration, and postcodes, but not other individual
data. I was extremely interested in Jones's approach to
getting a postcode deprivation measure: that is really ap-
proaching the individual level - suddenly our postcoded
system would have a deprivation measure attached to it. I
think the practicalities are enormous but the idea ofmoving
down to the postcode level should be encouraged.

BEN SHLOMO - I think that if there was an interaction term
in your model for deprivation, which would be the Bithell
example, it could be done easily. Your current method of
taking age, sex, region, and quintile standardised rates and
then saying this is what we observe and this is what we
expect, can not specifically look at that.

Deprivation at postcode level
ELLIOTT - Let us move that on - to postcodes with a
deprivation measure. The deprivation measure might in-
clude smoking, age, sex, and ICD codes. Then from the
1991 census we could get an estimate of the population
of postcodes, based on the number of households per
postcode, and somehow, proportionally, take the popu-
lation of the ED down to postcodes. Then we essentially
have an individual based study. We would not have to do
ecological studies, we could do individual studies, but at
the moment we do not have those data.

DOLK - It is true that you could look at the interaction
between deprivation and environmental exposure, or even
look at the quintiles separately, but small area studies
generally lack power to do that and if you could separate
out quintiles you are also doing multiple testing - is it in
this quintile or that quintile? So there are problems.

Controlling for deprivation
STAINES - Could I make two separate points. I do think
what you are planning to do is right and reasonable. I had
a look at the individual components of the Townsend and
Carstairs scores as predictors of mortality in our region
across the two time periods, because I was very concerned
about the kind of things Gordon was talking about. I was

rather surprised that at that level of analysis there was
remarkably little difference between the effects across time.
There was no real evidence that the meaning of any
component of the index had shifted much, which was a
pleasant surprise. The second thing is my concern about
the point Dolk raised earlier, about overcontrolling for
exposure. Because of the way in which industrial de-
velopment occurred in this country there is a high cor-
relation, as you pointed out, between industrial sites and
substandard housing occupied by poor people. I worry
that one of the many reasons why there is a link between
deprivation and ill health is that people live in more polluted
environments. It is unclear to me at the moment just how
much contribution pollution makes to ill health in the
community in general. Nor am I clear how you are planning
to determine whether you are overcontrolling for social
confounding.

ELLIOTT - We are totally confounded aren't we? We are
looking for specific effects of, say, a coke works next to
you, over and above the general effects of pollution and
lifestyle measures, and everything else that is tied up in
these social deprivation scores. The problem, as shown so
nicely today, is that there may be threefold variation across
the country explained by deprivation measures, but, say,
a 20 or 30% effect of smoke coming out of a chimney on
cancer risk. It may be undetectable given everything else
that is going on in the data. So we have to be realistic. In
small area ecological analyses, we have to be looking for
fairly big effects over and above the general background.
This is the nature of the beast.

STAINES - Is it possible (and not too naive) to use other
areas with similar patterns of deprivation but without the
putative toxin of interest?

ELLIOTT - That is what we do with stratification - use the
national experience to give the expected numbers of cases,
based on the age, sex, and deprivation pattern, and region.

STAINES - I am not convinced that the stratification ap-
proach is actually answering my question, which is about
the imposition of an additional structure on the deprivation
experience of a population by the geography in which they
live. I am thinking in terms of comparing different types
of industrial area with and without the "hazard" of interest.

ELLIOTT - It is an approach that has been tried previously
in many studies where they have endeavoured to match
places. It seems to me to be an extremely difficult process
to try and match them so that they do not differ in many
other respects. You can fall into the trap of the "ecological
fallacy", where, for example, you find high disease rates in
urban areas which would be compared with control areas
that are more rural; in other words simply looking at an
urbanisation effect.

DOLK - We considered finding control areas but it turned
out to be a very complex question once we looked at
population density and just how to measure deprivation -
is it distribution across quintiles, or an average, etc.

DIGGLE - All of these suggestions have to be tempered with
practicality but I would like to endorse Staines' comment
because it is a basic statistical principle of regression. To
estimate a regression coefficient, you get the most efficient
estimates if you separate the x's in the model as much as
possible. And, accepting that you are looking for a small
effect and that you can not control for everything, it does
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General discussion

seem a good idea to control for the one thing you know
you are looking for so as to get that separation.

ELLIOTT - We get the message and we will look at this.

BITHELL - Surely the problem of determining whether the
apparent effect of deprivation is a result of poor en-
vironments is to code the environments without reference
to the health of the population. This may not be so easy
practically but methodologically I think it is straight-
forward: simply code the area for the amount of air pol-
lution, density ofpopulation, the amount ofsmoke around,
number of units of industrial production, or whatever else
is relevant. Undertake regression with these data first, then
fit a deprivation measure to see whether deprivation has
an additive effect. Isn't that the classic way to answer that
particular question?

CARSTAIRS - Well, it is one approach ifthe data are available.

Estimated effects
GORDON - Can I address a question on estimated effects
to the statisticians. Many people have used Pearson cor-
relation coefficients, but there are problems with correlating
ratio measures - the percentage of unemployment can not
be correlated with the percentage permanently sick. Do
same kinds of problems arise with SMRs and SIRs and
how do you partial it out?

BITHELL - I am not a great proponent of correlation. I
think the way a correlation turns out is not greatly affected
by simple transformation, so that if, for instance, you
achieved correlations of SMRs with other things that were
reasonably symmetrically distributed, they would not be
grossly misleading. I tend to think of correlations in relation
to the proportion of variability explained, however, and I
feel more comfortable with the generalised linear model
where the error structure fits the data, binomial or Poisson.
Then there is the ratio of deviances as a way of measuring
the proportion of variability explained. This seems to me
a more natural way of proceeding.

DIGGLE - Can I endorse that. If there is a model for the
data in which the parameter means something, then you
estimate it from general statistical principles and draw the
appropriate conclusion. I do not think that correlations
often estimate anything that we care about.

Disadvantages of using a single index
LIVINGSTONE - I am concerned about your universal use
of an index, say the Carstairs index, when all the work
shows that in different places different things reflect factors
that might cause a variation in health and therefore con-
found the relationship. Obviously, a measure based largely
on Carstairs is probably most appropriate in Scotland and
much of England, but an area where there is a large ethnic
minority population with a different health profile might be
better served in small area statistical terms by using either
the Jarman index or something that measured the ethnicity
of the area as well. So I am not sure that you should be
looking for one answer for everything, ifyou are.

ELLIOTT - We have the problems of a national database,
and the need to do national studies in small areas. Many
of our studies are replicated within the database in many
different places, so we need something that we can apply
fairly generally. I agree with you that in any one place the
Carstairs index may not be the most appropriate to use,

although I am convinced that all these measures work
pretty well from our point of view, that is, they relate
strongly to health outcome. But I take your point.

BEN SHLOMO - I also support that empirically as well. While
I agree with you from an ideological point of view, when
we did our regional analysis we correlated with five . . .

six different measures, and the correlation coefficients and
the beta coefficients did vary but not very dramatically.
While Carstairs did not use housing tenure, which Town-
send used, because it meant something very different in
Scotland, if you reanalyse deprivation with the Townsend
index you get very similar results. I think we all agree that
whatever an index is measuring, it is some underlying core
which they all seem to be measuring quite well.

Conflict of interests
JARMAN - These things are all quite closely correlated are
they not? My problem is that I have to debate this with
200 GPs; and I have to use indices that they themselves
think include the important factors. This is something that
has to be borne in mind if you are going to implement
these various indices in practical terms.

BEN SHLOMO - I agree but I think there are two separate
problems - one is when you are looking at the general
relationship across a wide range and the other is your
problem, or the government's problem, when they decide
they are only going to remunerate an extreme group. Then
the use of the scale makes a difference. If you are a GP,
you might be included in the extreme group using one
scale but not using another. If I were a GP I would feel
very strongly about which scale was used but from the
general epidemiological point ofview, when you look across
the whole range, correlations are very consistent and very
high so it does not make too much difference. From the
policy point of view, as people have said today, it is because
of the focus on the narrow end - it does make a difference.

LIVINGSTONE - I think that my point was slightly different
- not that the measures do not all correlate quite closely
but that there are situations in which it is appropriate to
bring in some of the other factors. Specifically ethnicity is
an obvious example where you might have a risk that
affected a particular ethnic group - maybe a particular
pollutant lands on a particular kind of flower that only
white people use. It is a stupid example but it illustrates
the point. I think it is important not to discard the other
things that you have data for, and I assume you are not,
but this quest for the grail worries me.

JARMAN - I think that ethnic group and mobility are very
important factors in relation to the uptake of cervical
cytology and breast screening. Mobility correlates neg-
atively with mortality and morbidity. I think you have to
bring in other factors which are not only related to mor-
bidity and mortality.

Summary
ELLIOTT - It has been an excellent day from our perspective
in SAHSU. We have learnt much that will be both of
practical use and will help us think about some of the
methodological issues. One point that is very clear is that
social deprivation, however measured, strongly predicts
disease and we are right to worry about it in our studies
of environment and health. It is also clear that we need to
look again at the possibility of a regression compared with
a stratification approach, and we will do that. There was
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much discussion on individual versus ecological analyses,
and also the possibility that there are separate area effects,
which are important topics that need further work. And
the idea that we may be able to get deprivation indices at
the postcode level is an interesting development, which
needs to be explored. Kleinschmidt showed some analyses
using mixed-level models - this suggests, at least, that a
detailed exploration should be carried out of the auto-
correlation structure within a geographical data set, as, for
example, deprived areas tend to be next to each other.
We have had a helpful discussion on what the appropriate

methods for constructing deprivation indices are, and

whether they should be based at ED level or ward level,
for example, how stable they are over time, and to what
extent they might relate to morbidity measures and lifestyle
factors such as smoking. For the time being, I am reassured
that we are doing something sensible, for example use ofthe
Carstairs index 1991. But we need to watch developments
closely. Some of the issues discussed today will move on
in the coming months and years and we will have to look
again at this question.

1 Eames M, Ben-Shlomo Y, Marmot MG. Social deprivation and premature
mortality: regional comparison across England. BM_ 1993;307:1047-1 102.
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