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FOREWORD

Health for all by the year 2000 is the blueprint for change adopted by the
Member States of the World Health Orgamization (WHO). In Europe, this
blueprint is built upon 38 regional targets, many of which have the underlying
theme of uncovering new knowledge and using existing knowledge more
effectively. The targets for a healthy environment are to be achieved by
safeguarding human health against environmental hazards and enhancing the
quality of life through the provision of clean and safe water, air, food, and
working and living conditions.

These goals are also an integral part of the WHO-initiated Buropean
Charter on Enviromment and Health, adopted by 29 Europesan countries and the
Commission of the European Commmities in December 1989. The Charter stresses
that protecting the environment iz the shared regponsibility of everyone; it
also gtresges that everyome should be given adequate and accurate information,
and be involved in decision-making. It outlines the principles for public
policy as well as what needs to be done to transform them into action. 1In all
this, strong information systems bave a vital role to play by helping to
monitor the trends analysed and the priorities set, as well as the
effectiveness of measures taken and decisions made.

In keeping with the letter and spirit of the Charter, Member States need
to develop multisectoral policies that effectively protect the environment
from health hazards, ensure community awareness and involvement, and support
international efforts to reduce hazards affecting more than one country.
Similarly, the machinery for implementing such policies must be developed,
especially through the monitoring, assessment and control of a wide range of
potential environmental hazards.

One of the touchstones for assessment of putative envirommental hazards
iz analytical epidemiology, having, as major goals, the identification of new
or emerging hazards (overthrowing the null hypothesis), or the better
quantification of known risks. As major causes of disease have been
systematically removed or reduced by technology or better primary health care
and effective public health plamning, the specific contribution of
environmental hazardsg to national or local variations in diseasze rates is
becoming more difficult to identify and to quantify. In practical terms,
identifying the role that the environment plays in determining variatioms in
health status with time or place iz very difficult, except in extreme
situations involving "environmental" catastrophies having consequences of
sufficient magnitude to be detected by traditional means.

New and sharper tools are needed if the environment is to be managed asz a
resource for health based on concepts of risk assessment and the monitoring or
surveillance of the effectiveness of priority setting and intervention
strategies. This volume contains short summaries of presentations made at the
Conszultation on Data Requirements and Methods for Analyzing Spatial Patterms
of Disease in Small Areas, convened by the WHO Regional Office for Europe at
the Istitute Superiori di Sanitid, Rome, 22-24 QOctober 1990. The report on
this meeting is available from the WHO Regional Office for Europe®™. This
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consultation was one of the first to bring together the experience of
environmental epidemioclogists, statisticians, geographers and map-makers to
discuss the study of adverae health outcomes in small areas. It is also one
of the first results of the Regional Office's programme on environment and
health information systems, which has been generously supported by the German
Federal Ministry of the Enviromment, Nature Conservation and Reactor Safety,
the Italian Minisztry of Environment, and the Department of Health in the
United Kingdom. This programme is being carried out by a large number of
institutions in Europe and coordinated by the WHO European Centre for
Environment and Health, Bilthoven, which is operationally part of the WHO
Regional Qffice for Europe.

The wide use of the ideas presented in this volume is expected to improve
the ability of scientists of the European Region to identify environmental
priorities related to public health and to contribute to improving public
health poliey.

R.M. Stemn B. Terracini G.A. Zapponi

WHO European Centre for Department of Biomedical Envirommental Hygiene

Environment and Health, Sciences and Human Laboratory, Istituto

Bilthoven, Netherlands Oncology, University Superiore di Sanita,
of Turin, Turin, Italy Rome, Italy
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The Role of Geographical Studies in Epidemiclogy
Jaeck Cuzick

Imperial Cancer Research Fund, London, United Kingdom

Epidemiology is often defined as the study of disease in populations or
groups of individuals. Thus geographical epidemiology can be defined as the
study of disease in groups aggregated according to geographical divisions, ot
more generally, populatioms grouped according to any spatial division such as
a political or administrative boundary. This definition encompasses much
clasgical descriptive epidemiology, but the relevant factor for current
initiatives is the ever finer scale at which subdivisions of the population
are being studied.

At the largest scale, one has the collections of national mortality rates
that have been routinely brought together by the World Health Orgasnization for
many decades. Examination of trendz and comparisons of disease rates in
different countries is a well established and highly informative activity that
has produced many useful insights., In the area of cancer the collection of
incidence data in registries around the world in the now five volumes of
Cancer Incidence in Fjive Continents has been an indispensable tool for the
epidemiologist. The world variation in, for example, cancers of the stomach,
breast, cervix and lung, and melanoma has been an important tool for forming
and testing etiological hypotheses and continuez to be zo.

A recent trend has been to present cancer mortality (and where available
incidence) data in the form of national cancer maps. This represents a finer
gscale of resolution and presents new opportunities for developing and testing
hypotheses, but it also poses new problems in interpretation. No one can deny
that these cancer maps are a simple and clear way to present data and that
they serve a useful purpose in terms of education and communication to
ngnspecialists in the field. The cancer maps of China are striking examples
of this and when first published were a superb introduction for western
epidemiologists to the situation in that vast country. The maps have also
helped to stimulate many fruitful detailed epidemiological studies amd a large
ongoing correlational study.

Correlation studies are one exercige greatly facilitated by these
moderate scale maps within countries. When combined with maps of geographical
variation in potential risk factors for disease, the way is opened up for
generating many new hypotheses about etiology. These studies are well known
to be potential victims of ecological biases, which are essentially a type of
confounder stemming from the fact that what correlates with disease on =a
population-aggregated basis may not correlate on an individual basis. Cood
examples of this are the striking correlation of per capita fat consumption
and breast cancer on a national basis (1) and the weak and inconsistent
asgociation in individual case—control studies within a country (2), and the
correlation of coffee and pancreas cancer on a nationmal scale (3,4) but the
general lack of any consistent relation on an individual basis (5). However,
correlation studies have proved useful in other ¢ircumstances. For example
the correlation of rates of cervix cancer and penis cancer reinforced the
belief in a venereally transmitted agent (6,7), and the correlation of
schistosomiasis and colon cancer in China (8) was subsequently confirmed by a
case-control study (9). Other questions such as the relation of selenijum to
cancer, which is stropgly implicated by correlation studieg, remain open to
question.
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Disease maps are also useful to monitor the spread of epidemics. The
current AIDS pandemic is a prime example, but the charting of influenza
epidemics and monitoring of the disappearance of smallpox are two further
examples where mapping proved useful. Disease maps also serve to point out
variations in mortality that can be related to social inequities or
differences in the level and quality of hospital care.

A major problem with disease maps is that when the disease is rare or the
geographical divigions are small, a large mumber of spuriously increased areas
will appear. Methods are needed te smeooth these maps and to adjust individual
observed to expected ratios for the effects of Poisson variation. The methods
of Clayton and Kaldor (10) and Besag (11) are an important start in this
direction. Such methods offer the possibility of collecting morbidity and
mortality data on a fine scale and then aggregating it in a way that best
displays the disease patterns, as opposed to using predefined larger
administrative boundaries that may obscure the picture. An early example of
the use of this is the map of leukaemia incidence in England and Wales (12)
where a reaggregation has suggested a clearer band of high-risk population.

At the very finest scale come the questions of cluster identification and
the detection of a general tendency for clustering. Both of these pose
difficult questions for the epidemiologist and statisticiam. Individual
clusters are almost always identified before any study or specific hypothesis
has been laid down, and the reactive post hoc response demanded cannot be
handled by formal statistical methodology. Two types of cluster need to be
distinguished — those for which a particular source or exposure is suggested
and those for which no particular source is suspected. Asgide from examining
the particular clusters in even greater detail, when preliminary investigation
does not provide a simple explanation, two different lines of investigation
are open for further study of these clusters. Bagically both boil down to
replication. When a particular source is suspected, a sengible strategy is to
examine the neighbourhoods of similar sources in other areas. This has been
the approach for British nuclear installations and has also been pursued for
toxic waste dumps in the United States. In the firat example only one
exposure was of interest and replication produced an increase at gimilar sites
(13) although various explanations have been offered for this (14). In the
second case, toxic dumps contain multiple potential expogures and the problem
of multiple comparisons becomes severe (15).

For clusters without suspected sources, the general tendency for the
disease to cluster can be investigated. This is principally the case with
many clusters of leukaemia, Hodgkin's dizease and other lymphomas. Many new
techniques have been suggested recently for this (16-19), but far more
experience in the field is mecessary to see how they will perform.

Cluster chasing is a very speculative activity. Undoubtedly a certain
amount of it must be done to satisfy political and social needs. Whether or
not it will prove to be a fruitful approach for gaining scientific knowledge
remains an open question. To date only one clearly identified cauge of cancer
has arisen from the study of a geographically defined cluster., In that case
the study of a cluster of mesothelioma in a village in Turkey led to the
discovery of the mineral fibre erionite as the causative factor (20). The
cluster around Sellafield has also survived subsegquent testing at other sites
and may prove to have been an important observation leading to the discovery
of a cause of childhood leukaemia, although it may turn out to not be the
originally suspected causge.

However, what is clear at this time is that clusters will centinue to be
identified and require investigation. If this is to be done efficiently and
if there is to be any chance of increasing scientific knowledge, detailed
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small area mortality statistics will be needed and methodologic research into
how best to use them, and how they should not be used, is wvital.
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ANALYTICAL EPIDEMIOLOGICAL APPROACHES IN SMALL AREA STUDIES
Benedetto Terracini

Department of Biomedical Sciences and Human Oncology,
University of Torino, Torino, Italy

Most current enviromumentally related health problems derive from the
large increases in the last half century in production and use of synthetic
chemjcals and other produced goods, production and use of energy, and
mobilization and use of natural substances. In most societies, these
increases were paralleled by dramatic changes in lifestyle, many features of
the which are recognized to have the ability both to have an impact on human
health and to counteract deleterious effects of envirommental factors.
Finally, it has recently become increasingly recognized that at least under
gome circumstances mechanisms of toxicity and occurrence of deleterious
effects are influenced by genetic/hereditary factors, thus providing a basis
for the investigation of markers of susceptibility.

In spite of much scientific progress, the relationships between
environment and health are only partly assessed. The ultimate aim is the
identification and reduction or elimination of removable hazards from the
enviromment. An important step iz the estimation of the contribution of a
given agent to the total hazardous leoad to which a population is exposed. In
this context, the informativeness about and potentiality for prevention are
determined by the precision and detail with which environmental exposures are
defined in the relevant epidemiclogical studies.

Epidemiological tools currently available for investigating associations
between environmental hazards and health are mainly of twe types, in which the
units being investigated are, respectively, geographically defined populations
(or subpopulations) and individuals. Studies on populations (ecological
studies) as yet have been addressed to relatively large groups, thus leading
to the possibility of an ecological fallacy; that is, that a correlation
between group-based indices of exposure and health status may not exist as a
relationship for the individuwals within those population groups.

The ecological fallacy can be minimal in the case of envirommentally
caused detrimental effects appearing after a short latemcy period (such as the
congequences of the London smog in 1952). On the contrary, for chronic
diseases, the ecological fallacy might impair the process of causal inference,
particularly with regard to environmental agents previously unsuspected to be
hazardous. When units being compared in an epidemiological study are
populations, estimates of exposure to confounders (genetic, envirommental or
lifestyle related) inevitably entail an error, the adjustment for which might
reduce but not completely eliminate the confounding. Compared to previous
ecological studies on large populations, this problem might be reduced in
small area studies, but the extent of this reduction has not yet been assessed.

The application of small area statistics to the analysis of spatial
patterns of disease provides a high-resolution tool for the identification of
"local™ health problems. Whereas the ensuing advantages are obvious, it
ghould also be kept in mind that the exercise will lead to a number of "false
positives" and the identification of an unusual concentration of a disease by
no means is synonymous with the recognition of its environmental (if any)

cagses.
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In addition, "local' problems can also be suspected through other
channels, such as reports of unusual clinical observations, evidence of
peographically circumscribed pollution or perception (right or wrong) of
environmental risk by the populatiom and/or health workers. There will be a
need for laying down criteria for picking up, under these circumstances, those
problems worth further study in oxrder to confirm that they are real and to
identify the health hazards specific to the population living in the area.

In some European areas, the question may rise as to whether there is a
need for an expansion of descriptive epidemiclogical studies (estimation of
prevalence, mortality or incidence rates) of ex-residents of the area. In
most cases, the simple need to increase the statistical power of the study
does not seem to justify sufficiently this procedure. However, the problem is
different for "problematic" small areas where sizable emigration has been (or
may have been) somehow associated with environmental hazards: this may be
relevant to acute episodes of pollution from point sources, such as in
Seveso. The need for studies on ex-residents requires a careful a priori
evaluation. However, as such studies may be relevant in some circumstances,
attention should be given to surveying the facilities existing in different
European countries for tracing ex-residents in a glven area.

In principle, both case-control and cobhort (mainly in occupational
settinge) studies can be powerful tools for complementing geographical
analyses and providing interpretation of "local” problems. In practice, this
ig true if such studies are based on well-defined etiological hypotheses and
if they are adequately designed to verify/falsify such hypotheses.

The availability of sophisticated (but applicable on a relative large
scale) laboratory tools allows the domaine of analytical epidemiological
studies in small areas to extend beyond the conventional approach focused on
the association between disease and environmental concentration of hazardous
agents. Although presently available tools are hardly applicable for
mravelling etiology and mechanisms of environmentally caused disease
occurrence (particularly for diseases entailing a long latency period, such as
cancer), biochemical epidemiology may allow for risk assessment and early
biomonitoring in humans. A distinction must be made between the monitoring of
uptake (i.e. determination of either absorbed, biologically active or critical
target dose) and the monitoring of effects (including a wide spectrum of
markers ranging from those potentially predictive for future disease, to early
biochemical/functional effects, to markers specific for disease development).
Proper toxicological/epidemiological studies at the small area level will be
increasingly demanded and the WHO Regional Office for Europe should be aware
of the need for a deep interaction between scientists operating in the two
fields.
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MAPPING ENVIRONMENTAL EXPQSURES
David J. Briggs

Department of Geographical Sciencesz, Polytechnic of Huddersfield,
Queensgate, United EKingdom

Ibe Geography of Fxposure

The mapping of environmental exposure to health-threatening agents
(HTAs) represents both an urgent and a challenging problem. Mounting
evidence shows that such exposures contribute significantly to the
distribution of illness and health and the general quality of life. Yet the
geography of exposure is complex.

HIAs, for example, cccur in a wide variety of forms, and may be derived
from a range of both point and nonpoint sources. They may be transferred
through the environment at different rates and via a multitude of different
pathways and media (e.g. soil, water, atmosphere, food). They may accumulate
at varigus locations and be stored there at varied durations, before they
decay or are further disperged. Mapping the distribution of HTAs is
congequently difficult. It may require information on a range of agents,
showing significant differences in their origin, persistence and processes of
dispersal. Even in the casze of a single agent, the distribution is likely to
vary in respongse to local conditions and chance differences in dispersal
pathways.

However, exposure to HTAs is not a product solely of these environmental
distributions. It occurs, in practice, when these distributions intersect
with those of the recipient organism.

In the case of humans, such patterns are especially convoluted and
difficult to assess. They comprise the summation of routine, cultural
patterns of mobility and rest, overlaid by countless individual movements.
Neither the location nor the timing of exposure can therefore be
gatisfactorily predicted; exposure may occur ag anything from a brief,
specific and localized event (e.g. an accidental chemical release) to a
longterm, repeated and cunulative exposure to a widely dispersed HTA.

To map environmental exposures at anything but the most general level
consequently requires the ability to integrate data on both enviroonmental zand
human distributiona, at a wide wvariety of scales, and for different times.

In recent years, the development of geographical information systems has
undoubtedly provided the technical capacity to undertake such analyses.
Serious problems nevertheless remain. Chief among these are the stringent
data requirements that the analysisz of environmental exposure implies. In
the case of environmental data, for example, it is essential that:

- the phenomena concerned have been measured at a precision
sufficient to detect differences in potential health effects;

- data are available at a spatial scale and resolution that matches
the distribution of the exposure rlisk or event;

- data are available for the whole duration of the exposure event, or
at least for repregentative sample periods.




Two general approaches for acquiring such environmental data exist:
direct measurement or survey for a defined application, or the extraction of
pre—existing data from other secondary sources.

Purpose-designed and direct survey or measurement clearly has much to
commend it. Such an approach gives total control to the researcher, who can
thus ensure that all data are relevant, consistent and sufficiently precise.
On the other hand, a number of problems occur. In particular, such an
approach:

is likely to be time consuming both to set up and conduct, and may
thereby delay the analysis;

is frequently costly and, for individual studies, rarely cost
effective;

can provide data om current conditions but cannot normally give
information on past conditions (though these may have been
jmportant contributors to exposure); and

is typically based on a sampling strategy, which still leaves open
the question of how to extrapolate data to unsampled locations.

For these reasoms, it is often advantageous or neceggary to use
existing, secondary sources of environmental data. Many such sources exist.
Many data are available in map form; others can be derived from remotely
sensed imagery, such as aerial photographs or satellite images. A growing
number of data bases and archives also exist, ranging from global systems
(e.g. GRID) to national and regional systems (e.g. Kirklees policy mapping
gystem). On the European scale, one of the most important is undoubtedly the
CORINE information system compiled by the Directorate General for the
Environment of the European Commission (1,2). This system already contains a
range of relevant data (e.gz. atmospheric emissions, nuclear power statioms,
gettlements) that may be used for regional-scale analyses, and may form a
bagis for more detailed studies. BHowever, all such secondary sources have a
number of limitations, inc¢luding the following:

crucial data may not be available;

data that do exist may be subject to significant (although
sometimes hidden) inconsistencies, errors or gaps in coverage;

the scale and resolution may not be adequate;

the data may be out of date and may not relate to the relevant
period; and

the data will often be based on spot sampling, and thus the problem
of spatial extrapolation remains.

Spatial Modelli

Whichever of these approaches is adopted - and at whatever gcale it is
applied - a common problem is likely to emerge: the discordance between the
spatial structure of the environmental data and that of the recipient
population. For example, air gquality data may be available for selected
monitoring stations, but how do they relate to pollution levels throughout a
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town? Similarly, emissions may be definable for a highway gegment, yet what
iz the level of exposure at a specific site gome distance away?

To resolve this problem — and to f£fill the gaps within the environmental
data — some form of spatial modelling is essential. It must be possible to
extrapolate from one location or area to the next, and it must be possible in
many cases to transform the emvirommental data from one spatial structure to
another (e,g. from points to lines, points to areas, areas to points).

It is in this context that geographical information gystem procedures
prove particularly powerful. Numerous methods of spatial modelling exist,
including tessellation, buffering, contouring and potential surface mapping,
all of which are in widespread use. However, the predictive gquality of such
methods depends on the extent to which they simulate the spatial variatiom in
the environmental phenomena under consideratiom. Asgumptions of planarity
(e.g. in the construction of Thiessen polygons) or linearity (e.g. in first
order contouring) are not always appropriate. Instead, much more complex
variation often exists, governed by exogenous factors. For example, air
temperature (and, to a lesser extent, precipitation) tends to vary in
response to altitude and soil conditions vary with slope angle. Enowledge of
these relationships can thus be used to develop more reliable and realistic
spatial models using, for example, the kriging methods of Oliver and
Webster(3), or the spline techniques of Hutchinson and Bischof(4).

Temporal M 11in

The gpatial dimension to environmental exposure is only one aspect of
the problem. Equally important is the history of exposure, or, more
accurately, the changing geography of exposure over time. The smalysis of
past exposures clearly involves the same technigques, in particular, the
ability for spatial extrapolation. However, in an historic context, data are
likely to be even more limited and their quality even less reliably known.

For these reasonsg, temporal modelling is also needed for the postdiction
of past environmental conditions from its present or recent state. Perhaps
even more than spatial modelling, this presents a challenging task. It is
nevertheless one which iz esgential if the assessment of environmental
exposures is to progress beyond the description of present patterns to the
explanation of current health outcomes, and to the development of firmer
models for future prediction and policy response.
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FPOPULATION DATA FOR SMALL AREA STUDIES
Ib Thomsen

Central Unit for Methodology, Central Bureau of
Statistics of Norway, Oslo, Nerway

Introduction

Before looking at various methods for small area estimation, it is useful
to clarify what is meant by a small area. The following types of small area
are given by Purcell and Kish (1):

1. Major domaing, composing 1/10 of the population or more. Examples:
major regions, LO-year age groups or major categories such as occupatiom.

2. Minor domaing., comprising between 1/100 and 1/10 of the population.
Examples: minor regions of the country, single years of age, two-fold
classifications such as occupation by education or a single small
clasgification such as unemployed or disabled.

3. Mini-domaing, comprising 1/100 to 1/10 000 of the population. Examples:
municipalities or three—fold classifications such as age by occupation by
education.

i, Raxe domains, comprising less than 1/10 000 of the population. Examples:
populations of small local areas, perhaps all classified by variocus
ethnic groups.

Most methods for small area estimation deal with the three first kinds of
domain. Most surveys are useless for rare domains, and only in very special
cases or in cases with good administrative data, is such estimation available.

A problem faced by many planmers, but seldom discussed by statisticians,
is determining the minimum size of areas that can be feasibly planned for, and
therefore estimated. Thiz problem is important when estimating health
indicators. If the domain of interest is very small, the '"natural noise" is
relatively large, even when census data are available. In an area of 50 000
persong with a birth rate of 40 per 1000 population and an infant mortality
rate as high as 100 par 1000 liveborn, the observed rate will vary between 8/
and 113, respectively, even if the true rate remains constant and complete
data are available. It is hard to see how plans can be made for birth-aid
facilities for such a small area. It is also difficult to establish a sudden
change in infant mortality rate for a emall area with some degree of accuracy.

] "

timati

A large number of estimation methods are now available and applied in
various countries. The statistical offices of Canada and USA have published
several articles on the subject. In addition, the National Center for Health
Statigtice in the United Sates has done some pioneering work in health
statistics. A good reference is Platek et al. (2).

The final choice of estimation technique depends on the estimates needed,
and in particular the kinds of administrative data available. The most
comnonly used estimation methods can be classified into ome of two groups:
estimation of the total population by sex and age; and estimation of
subeclasses of the population.
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(a) Component methods

If good administrative data on births, deaths and migrations are
available, the component method can be used:

Pt 1-Pp+B-Dilm— o mtle- o e (1)

where Pr,y and Py refer to population totals at time t and time t+l,
respectively; B refer to births, D to deaths, Im to in-migrants, om to
cut-migrants, Ie to immigrants, and oe to emigrants, all during time t to
t+1l.

In the Scandinavian countries this method iz used to produce population
figures by age, sex and municipality once a month. In many other countries
this method has to be supplemented with other methods, either because data are
not avajlable or because they are available teoo late.

(b) Regression methods

The basic regression equation is:
AY=a+0.aX +BaX, +B 4, . . . +P AKX +Regidual (2)

Where AY is a measure of change in the population from time t to (t+l);
the AXs are measures of change of some independent (symptomatic)
variables; the (s are regression coefficients; o is a constant; and
reasonable assumptions are put on the residuals.

Two measures of chamge are commonly used in ratio—correlation formulation:

P(e+1) y B, (£) (3)

A¥e—ern ) PO

and in difference—correlation formulation:

Py (t+l) P,(E) (&)
B{Et) B(E)

AY=-

where P; refers to the population of the ithgmall area unit and P refers
to that of the whole country, or a large region, so that }P; = P. Similar
definitions apply to AXs.

The parameters in equation 2 are estimated by means of a least squares
method, based on data from earlier cemsus periods. Typical examples of
symptomatic informatiom are births, deaths, school enrolments, family
allowance recipients, driver's license and tax files (3,4).




—12-

(¢) Modified regression methods

The coefficients estimated above are based on previous census periods.
This approach may introduce a bias if the coefficients change over time.
Therefore, a modified regression method may be introduced: often a
statistical organization has an ongoing sample survey program, in which a
fixed number of local areas (primary sampling units) are used for several
years. For these local areas, data can be collected that are needed to
estimate the parameters in equation 2 between census periods. This removes
the bias due to changes in the parameters over time but introduces sampling
errors because the estimation iz done on a sample of local areas. Results
published by Erickson (5) indicate that the gains from avoiding obsolescence
glightly overcome losses from sampling.

(d) Combined methods

Often a component method is used in combination with a regression method.

timat t i

In addition to estimates for total population, there is a need to
estimate subclasses, for example, for employment rates or disability rates.
In such cases other techniques are available: for example, shrinkage
estimates.

Let the small area proportions €1, 02, . . . 1 refer to the
true proportion of the population suffering from some kind of illness within
T small areas. Then these may be estimated from a sample survey by the
observed relative frequencies within each small area. If the sample is
gufficiently large, these estimates may be accepted. Often, however, the
sample is too small and the sampling error too large, and the gtatistician
looks for alternative techniques. A simple one is to use the relative
frequencies for the whole population or from a larger area. Such estimates
are called synthetic estimates. Let X; refer to the relative frequency
observed in small area i, and let Nj denote the sample size in small area
i. Then the synthetic estimate, X, may be written:

- 1 T —
X-TV;_ Ni.’f“ (5)

where N = IN;.

The synthetic estimate is biased but has a small sampling error, while ii is
unbiased and has a large sampling error. Therefore, one often uses a
combination of the two:

B-wXq+(1-w)X (6)

where w i& some constant. Such estimates were introduced and used by the
Norwegian National Centre for Health Statistics some 20 years ago. Later,
gseveral alternative methods for choosing w were suggested. Within the
framework of empirical Bayes methods, optimal weights were suggested and used
(6). The Central Bureau of Statistics of Norway have also investigated and
applied shrinkage estimates. OQur conclusions can be summarized as follows:

-' sghrinkage estimates perform usually better than the synthetic or the
direct estimate; and
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- optimal weights have a number of weaknesses, and other weights,
which put smaller weight on the synthetie estimate, are more
appropriate (7). The mogt important weaknesses of the optimal
weights are as follows:

Overshrinkage: A simple composite estimate such as equation 6 is
clearly drawn towards the overall mean, which naturally affects the
variance between the small area estimates. This again interferes
with a comparison of small area results, which is usually the main
reason for presenting small area estimates, By using the square
root of the optimal weights, the variance between the small area
estimates is maintained.

Problems in the tails: All shrinkage estimates may perform very
poorly for small areas, which have a very high or very low true
value, To reduce this effect, the direct estimate may be used in
small areas with a very high or very low true value, eventually
pooling it a little towards the mean.

Many of the problems mentioned above are legs gerious when good auxiliary
information is available, and the synthetic estimate is based on a regressiom
estimate or another model baased estimate.

Raki SPREE_Techni

Raking or SPREE techniques have proven very useful for small area
estimation {1). However, I have never geen them used in connection with
health statistics. Standard raking techniques asgume that two or more
marginals are known, while the interior of the table must be estimated from
the sample. This is usually done by an iterative proportional fitting
procedure (§). This technique takes ag its starting values the observed
frequencies within each cell of the table, and by means of an iterative method
adjusts the observed frequencies until the given marginals are produced. The
accuracy of these estimates depends on the accuracy of the starting values,
which may be very poor.

Instead, one may choose a more accurate starting value. OCOne possibility
is the SPREE method in which starting values again are the observed relative
frequencies within each cell, but now for the whole country or for a larger
region. These starting values are now adjusted such that they add up to the
given marginals for the smaller area. This technique has provem very useful
for estimating employment and unemployment in small areas.

Final Remarks

Many techniques are available for small area estimation. The choice
between them is often difficult and requires intensive empirical evaluation..
Often the problem iz to introduce a2 small biag in order to reduce variance,
Tests must be combinations of empirical and model bases, often depending
eventually (and uncertainly) on results from decennial censuses. Better
methods and criteria must be pursued with several methods and over a range
with an evolutionary approach and with patience.
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CONGENITAL ANOMALIES AND SMALL AREA STUDIES OF ENVIRONMENTAL EFFECTS
Helen Dolk

EUROCAT Central Registry, Department of Epidemiology EPID 30.34,
School of Public Health, Brussels, Belgium.

tr tion

Congenital anomalies include structural defects, chromosomal anomalies,
genetic syndromes and inborn errors of metabolism. Cases seen at birth are
only a small proportion of all incident cases, since affected fetuses are
selectively eliminated as spontaneous abortions.

Environmental effects can be divided into mutagenic effects (with
preconceptional action and heritable) and teratogenic effects (with
postconceptional action and nonheritable).

Completeness of Case Ascertaioment

Experience has shown that the following factors ensure more complete and
unbiased case-ascertainment: :

1. Use of multiple sources of information. Specialized registries have used

a combination of birth certificates, death certificates, matemmity records,

hospital discharge records, cytology records, pathology records, and review

of records of specialized departments such as paediatric surgery, paediatric
cardiology, opthalmology and genetic counselling (1,2).

Z. Active ascertainment. Active ascertainment involves checking records and
logbooks to find cases, rather than relying on notification, and close
contacts with cliniciang. Motivation can be increased by providing constant
feedback to clinicians and other health care workers on the registry data and
its analysis, and demonstrating its local relevance. This can often best be
achieved on a regional rather than national level.

3. [
Sources of infurmatlon on the postneonatal period Bhnuld cover dlagnoses at
least up to 1 year of age. Many congenital anomalies, particularly cardiac
anomalies, are only diagnosed after the neonatal period.

g_ggggggx Termination of pregnancy after prenatal dlagnosxs is leading to a
considerable reduction in the birth prevalence of conditioms such as Down
syndrome, neural tube defects and abdominal wall anomalies (3-5) and the
frequency of prematal diagnosis varies between regions and over time.
Gestaticmal age should be recorded so that these cases can be placed in
exposure cohorts based on time of comceptionm.

5. Ascertainment of fetg]l deaths. The diagnosis of anomalies in fetal
deaths, especially those that are internal, requires autopsy examination by a
specialized fetal pathologist and the potential for completeness of coverage
of these cases will therefore depend on the extent of autopsy coverage. If
data collection extends to earlier fetal deaths (for example, from 20 weeks
gestation), whether or not these are included in the officdial birth
notifications, this will avoid artificial distinctions between fetal deaths
and livebirths at low gestational ages, especially for conditiems that
severely reduce viability. Gestational age is a better criterion for
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inclusion than birthweight since affected fetuses are often of lower
birthweight than normal fetuses of the same gestational age.

Accuracy of Information
Accurate or good quality data must meet a number of criteria:

1. ility t isti i t] o € . The gemetic conditions
should be distinguishable for separate analysis. This requires karyotypes
and identification of monogenic syndromes by medical geneticists. Conditions
of known environmental eticlogy, such as maternal infections or maternal
alcoholism, should be identifiable in the data and confirmed by laboratory
investigations if appropriate.

2. The.abilitv to distinguish pathogenic types. Careful climical or
pathological examination and description is required to distinguish between
phenotypically similar but pathogenically different conditioms. It should be
possible to peparate multi-malformed cases from those with an isolated
malformation or a sequence (a combination of anomalies originating from the
same prior defect).

3. Use of standard terminology and definitions. A dialogue must be

maintained with c¢linicians regarding terminology and definitions.

4. B8pecificitv of goding- The British Paediatric Association extension of
the International Classification of Diseases, Ninth Edition code is in common
use today, but it still has some deficiencies, notably in the coding of
gyndromes, cardiac and limb anomalies. Some surveillance systems such as
EUROCAT have developed their own extension to this code for further
specificity.

5. QConsideration of severity. Since the least severe conditions are most
likely to escape registration, comparisons of prevalence rates should ideally

cover cases of equal severity. This particularly affects conditions that
range from major to minor forms such as microcephaly and hypospadias and
conditions that involve a sequence of abnormal morphogenic events with
variable expression such as arhinencephaly/holoprosencephaly.

6. Exclusion of false positive diagnoges. Liveborns need to be followed up
until diagnosis is confirmed. Diagnoses in induced abortions (following
prenatal diagnosis of structural malformation) or stillbirths should be
confirmed by autopsy.

It can be valuable to record what types of investigation have been
performed for each case (e.g. karyotype, autopsy) in order to estimate the
relative "accuracy” of data on different groups of cases.

Varisbility in Preval

Geographical variability in prevalence has often been difficult to
demonstrate because of insufficient diagnostic and methodological
standardization. Nevertheless, a few examples of international and regional
comparisons can be mentioned. Hypospadias shows international variation
which has been investigated in relation to maternal fertility (6). Down
Syndrotte varies in prevalence according to the maternal age structure of the
population (3). Regional and international variation in the prevalence of
neural tube defects is well documented (4,7), with higher prevalence rates in
the British Isles and in certain regionms within the British Isles. Regional
variability can be seen in certain anomalies where differences in screening
exist, for example, urogenital anomalies (5) where prenatal and early
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postnatal sereening is now discovering cases formerly diagnosed only in later
life, even in adult life.

In future, as techniques for early prenatal diagnosis become more
widespread, special problems will arise in geographical comparisons because
of the inclugion of varying proportions of cases that were early terminations
but would otherwise have been lost as unreported spontaneous abortions. This
applies particularly to chromosomal anomalies where the early fetal loss rate
is very high (8).

Geographical Resolution

For small area studies, the single most useful indication of the area of
residence of the mother would be residence at conception. Usually, the
residence at birth is recorded, as migration between areas during pregnancy
is probably at a low enough level and as denominator statistics will normally
refer to residence at birth.

Many regiconal registries in Europe (though not in the United Kingdom)
have opted for hospital-based systems of data collection, covering all
hospitals or maternity units in a defined geographic area (1) rather than all
resident mothers. Clearly, such a method of data collection is not suitable
for small area studies.

For small area studies, there is a conflicting requirement between the
need to limit the size of the registry in order to collect complete and
accurate data and to maintain contact with local health personmel, and the
need to obtain coverage across extensive geographical areas in order to allow
geographical comparisons, and ensure that all localized risks will have
available local health ocutceme information. A smaller specialized registry
may be useful in addition to a national aystem to assess, on detection of a
cluster, the possible role of incomplete ascertainment or to provide
background epidemiological data needed to interpret the cluster and suggest
hypotheses for investigation.

Role of Special Surveys

At present there are no permanent informationm systems on spontaneous
abortions and the gelective death of affected fetuses, and this question must
be addressed hy special surveys. Another area for special surveys is the
systematic karyotyping of a cohort of fetuses/babies, the systematic
pathological examination of cohorts of fetal and neonmatal deaths according to
a standard protocol or the intensive screening of neonates for selected
nonlife-threatening conditions. These surveys can show the extent of
possible underdiagnosis of certain conditions, and the extent of geographical
variation that may result from differences in diagnostic techniques.

A further area for special surveys concerns minor anomalies. Although
many known teratogens are associated with increased rates of minor anomalies
that could serve as an indicator of the rarer major effects, the
identification of minor anomalies is generally too variable and too
incomplete to include in large-scale surveillance systems. Since minor
anomalies are relatively frequent, rates can be assessed in special surveys
using standardized methods. However, the power of an approach based on the
detection of minor anomalies still needs further investigation (9).

Area

Unless a gpecific hypothesis is being investigated, attention could at
firgt be restricted to a small number of defectz that are well recognized at
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birth (such as neural tube defects, cleft lip and gome limb anomalies) in
order to overcome diagnostic and reporting variability. Of course this
restricts the range of teratogenic effects that can be detected. Detection
of mutagenic effects cam best be based on a number of well-recognized genetic
conditions, such ag Down syndrome and certain autosomal dominant conditions
or “"sentinel phenotypes" (10).

It is often believed that congenital anomalies are an easier area of
study than cancer because of the shorter delay between exposure and outcome.
Although this is to some extent true, the complexities of exposure assessment
should not be ignored. First, a clear distinction should be made as to
whether mutagenic or teratogenic exposures are being investigated. If
exposure is mutagenic, the period of paremtal exposure, especially maternal
exposure, will not necessarily be directly before the study pregnancy. If
exposure ig teratogenic, it should be remembered that the fetal environmment
includes the matermal body, and preconceptional exposure of the mother to
external environmental factorsz can have postconceptional teratogenic effects
on the fetus, depending on the nature of the teratogen.

Second, whereas a dose-response effect in cancer studies can be
constructed from assessment of cumulative exposure, in the case of
teratogenic effects cumulative exposure may have little relevance compared to
the timing and dose-rate of exposure. Each developmental event occurs in
only hours or days, and for toxins with a short half-life in the body the
dose-rate during these few days will be the relevant consideration. Relative
levels of exposure between areas should then be determined not only from the
average amount over time in the area, but from the degree of concentration
at certain times of the year. It can be helpful to define birth cohorts
based on date of conception if temporal variation in exposure is expected.

Third, the dose-response curve for teratogenic effects may be far from
linear, and may even include a threshold, so that average individual exposure
levelg in different geographical areas are not a good measure of exposure.
Account must be taken of the range of individual exposure.

Interpretation of the results of small area studies should always allow
for the possible effect of differential survival of affected fetuses in utero
according to exposure or sociodemographic characteristics. Exposure and
congenital anomaly may interact on the risk of early fetal death in such a
way as to produce spurious associatioms between congenital anomaly risk and
specific exposures (1l1).
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Paul Elliott

Small Area Health Statisties Unit, London School of Hygiene and
Tropical Medicine, London, United Kingdom

Introduction

The advent of small area statistics, which were developed mainly for
administrative and planning purposes, has meant that population counts and
other statistics from census have become available for much smaller areas than
hitherto. Typically, in England and Wales, population counts from the 1981
census are published (via computerized tables) at the level of enumeration
digtrict (ED), representing the area covered by a single enumerator at census,
and corresponding on average to a population of about 440 people.

At the same time, interest in the geographical and temporal distribution
of health events has moved beyond traditional descriptive epidemiology (i.e.
broad national and regional tremds) to a concern with digease occurrence in
localized areas. Often, the choice of area for study will be atimulated by
public or media concern about a putative source of environmental or industrial
contamination. Areas identified in this way are unlikely to respect the
administrative and geographical boundaries that traditionally have determined
the reporting of health statistics, and amalgamation with data from other
areas {(for the purposes of statistical reporting) may swamp purely "loeal"
effects.

The use of small area health statistics is an attempt to overcome these
difficulties by attaching a high resolution areal code to health events that,
together with small area population data, allows disease rates to be
calculated in arbitrarily defined areas (e.g. circles of given radii around a
putative point source). These rates can then be compared with disgease
experience in a larger {reference) area, or alternatively with those in
control areas.

Even where links between health event data (numerators) and small area
denominator data can be esztablished, numerous difficulties remain in the
accumulation and analysis of data, and in the display and interpretation of
results. Some of these problems and some potential solutions, are discussed
here.

Th m tatigti it

The Small Area Health Statistics Unit (SAHSU) has been established at the
London School of Hygiene and Tropical Medicine. Details of the background,
purpose and functions of SAHSU are available elsewhere (1). Briefly, SAHSU
wag establighed following an enquiry into the incidence of childhood leukaemia
around the nuclear reprocessing plant at Sellafield (2), which recommended
that "encouragement should be given to an organisation ... to co-ordinate
centrally the momitoring of small area statistics around major installations
producing discharges that might present a carcinogenic or mutagenic hazard to
the public. In this way early warning of any untoward health effect could be
chtained."
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The terms of reference are as follows:

1. To examine quickly reports of uwnusual clusters of disease, particularly in
the neighbourhood of industrial installations, and advise authoritatively
as soon as possible.

2. In collaboration with other scientific groups, to build up reliable
background information on the distribution of disease among small areas so
that gpecific clusters can be placed in proper context.

3. To study the available statistics in order to detect any unusual incidence
of digeage a2 early as possible and, where appropriate, to investigate.

4. To develop the methodelogy for analysing and interpreting statistics
relating to small areas.

SARSU needs to respond rapldly to requests (from government or other
gources) for analyses of health statistics relevant to a particular industrial
installation or other potemtial point sources of environmental contamination.
Health or envirommental problems arising out of these enquiries may be further
explored by, for example, repeating the analysis around other similar sites in
the United Kingdom or elsewhere to get an overall estimate of risk. SAHSU
also requires the capacity to search for unsuspected clusters of disease in
small areas (i.e. data momitoring or surveillance).

Injitially, data on all deaths and cancer registrations for the United
Kingdom are being obtained from the government gtatigtical agencies. The
geographic location of events is given by the unit postcode* of residence,
each associated with a map ecoordinate (grid reference) to represgsent its
centroid. Deaths in England and Wales are postecoded from 1981 onwards.

Cancer registrations for England and Wales are postcoded from 1974 and
postcoded deaths and cancer registrations are available for Scotland from 1974
and 1975, respectively. More years are available from specialized cancer
registries, including childhood cancers.

Population data are obtained from the decennial census small area
statistics tables (at the level of ward in 1971, and ED from 1981). Annual
estimates of populatlon at district lewvel, and 1986 small area population
estimates, have also been acquired. An approximate link between events
(numersators) and population denominators is achieved via a posteode
directory. The data structure and geography are discussed more fully
elsewhere (1,3).

In many cases, an initial enquiry using the database will need to be
gupplemented by detailed data validation (e.g. by scrutinizing death
certificates or cancer registrations). This is facilitated by excellent
cooperation between the data providers and SAHSU. For example, for studies in
England and Wales, a close working relationghip with the Environmental
Monitoring Project at OPCS (which has been funded in parallel with SAHSU)
includes the transfer of software and database applications from SAHSU to the
Environmental Monitoring Project. For studies in Scotland and Northern

% The postcode system was developed by the Post (Qffice as an efficient
means of delivering mail. Postcodes are assigned through a hierarchy, the
lowest level of which iz the unit postcode.. There are 1.6 million unit
postcodes in the United Kingdom, representing 22 million postal addresses.
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Ireland, contact haz been established with colleagues at the General Register
Office (8cotland), the Information Statistics Division of the Scottish Health
Service and the Northerm Ireland Statistical Office. More detailed
investigation in & given area may require field surveys, including the
collection of data on both envirommental exposures and health outcome measures.

SAHSU has developed a computer system capable of producing cbserved and
expected numbers of cases for standard administrative areas (e.g. local
authority distriect, health region) as well as arbitrary areas based on circles
of different radii around points located anywhere in Britain. We use a DEC
5500 RISC super-micro and Oracle 6.1 database software.

Ideally, a system of small area health statistics based on routinely
collected health data should have resource to comprehensive, high quality
data, full coverage of the population, accurate diagnoses (backed uwp by
histological examination as necessary) and many years of follow-up. In
practice, the data available necessarily fall short of this goal. For
example, mortality data are to all intents and purposes complete, bhut
diagnostic accuracy varies by cause of death and by age (4) and only a
relatively small proportion of diagnoses on death certificates are verified by
postmortem examination.

Cancer registrations are an important gource of morbidity data, especially
for thoge cancers that are treatable {e.g. childhood leukaemia and cervical
cancer) or which have a variable and prolonged prognosis (e.g. breast
cancer). However, in the absence of a statutory registration system, cancer
registration data are likely to be incomplete to varying degrees and to have
differing levels of diagnostic accuracy, depending both on cancer site and the
methods employed by individual cancer registries (5). Other morbidity
measures (e.g. hospital activity analysis, conmgenital malformations registers)
are likely to face even greater problems of diagnostic accuracy and
completeness.

One way of overcoming some of these limitationsz is to confine the
caleculation of obzerved/expected ratiog to local comparisons (e.g. gradation
of risk within one cancer registration area). Any biases inherent in the data
might then be expected to apply equally to numerator and denominator.

A further problem particular to the United Kingdom is that postceding of
events has been undertaken over a relatively short period. If (as was found
in the Sellafield enquiry) aggregation over several years is the only way of
obtaining sufficient numbers of events in amall areas, statistical power to
show significant effects would be limited. Nevertheless, with time, more and
more years of postcoded health event data will become available as there is an
ongoing system of postcoding.

Fopulation Data

To caleulate digease rates, accurate population counts by age, gender and
year are required for gmall areas. These are likely to be available only from
national census (although in some coumtries, the population can. theoretically
be traced year by year via a personal identification number). With resource
only to a decennial census (az is the case in the United Kingdom) errore in
population estimates will become increasingly apparent in the years following
the census. Given the nature of demographic changes within' small communities
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(in which large intercensal populatiom changes may occur) it is not clear to
what extent small area analyses will be biased by errors in the population
data.

fidentialit

It is essentizl to ensure that the strict confidentiality of data relating
to individuals is maintained. Thig relates both to the event data and to
census data if held at low-aggregate level; researchers have a particular
duty to ensure that individuals cannot be identified in published reports
(e.g. spot maps).

The Directori

Census geography in England and Wales iz currently not co-terminus with
the postcode geography, and hence directories are required to link events with
their populations at risk. This ig pnot the case in Scotland where EDs are
built up from underlying postcodes. Thus in England and Wales there is a
degree of error in assigning an event to its ED (via the postcode}; however,
its impact on the analyses is likely to be small given that events in a
particular area will be acgumulated over many EDs. Potentially more
problematic is the maintenance of the postcode file, to take account of yearly
additions, deletions and reassignments with corresponding changes in grid
references and ED membership.

Computing

The management of small area statistics is well suited to the relational
(hierarchical) model. Whereas it is important to hold large amounts of event,
census and geographic data (of the order of Gigabytes), for a particular local
study, rapid access to relatively small amounts of data is required. This
impligs an efficient system of indexing, as well as the development of
appropriate software to produce and dizplay event rates in arbitrarily defined
areas {e.g., circles based on EDs or postcodes). Recent developments in the
storage capacity and power of microcomputers (especially the new RISC-based
machines} allow a microcomputing framework to be considered as a suitable host
for small area systems.

Summary and Conclusion

The development of systems to analyge gmall area health statistics
represents an important advance in environmental epidemiclogy, and in the use
of vital statistics. An important feature is the repid analysis and display
of health data usging geographic information to identify areas where there is
legitimate 'cause for concern". While recent work has provided a useful
framevork for small area studies, only simple models of exposure/risk have so
far been considered (e.g. radial emissions from a point source). It is to be
hoped that continued development of small area methods will improve our
undergtanding of the incidence and distribution of digease In small areas, and
allow more complex models of exposure/disease agsociations to be explored.
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MORTALITY AND MORBIDITY DATA FOR SMALL AREA STUDIES QF CANCER
0Ole Moeller Jensen

Danish Cancer Registry, Copenhagen, Denmark

Intr tion

The examination of regional variations in cancer mortality and morbidity
hag a long tradition Iin descriptive epidemiology. Routinely collected data
from death certificates and cancer registries have revealed both international
differences in mortality and morbidity for cancer (1), and variations within
countries. In Denmark, where the whole nation hag been covered by
population-based cancer registration since 1942, cancer incidence is recorded
by degree of urbanization (rural areas, provincial towns, Copenhagen and its
suburbg), for different counties, and for urban and rural areas of each county
(2). Since 1970, all registered cases have been classified by mmicipality of
regidence at the time of diagnesis, thus allowing mapping of cancer incidence
by the smallest administrative unit of the country (3). The availability of
the street address at the time of diagnosis for each individual cancer case
registered makes it possible to undertake studies where knowledge about the
exact place of residence is important, although this requires a speclal effort
gince the information is not computerized.

This paper reviews briefly the requirements for mortality and morbidity
data to be useful for hypothesis—generating and hypothesis-testing studies
involving the spatial distribution of cancer cages, factors that may influence
the validity of such investigationa, and the usefulness as well as limitations
of geographical studies of various exposure situations.

ta R r ntg for Sm A

The types of informatiom recorded as the basis for mortality and cancer
registries depend on the use that is envisaged to be made of such data as well
as the frequency with which various types of approach are being employed. The
guiding philosophy for the Danish as well as many other cancer registries is
to collect, code and store & minimum of high—quality data that are used
frequently by the registry or outside researchers; the main emphasie is on
details of tumour informatien. Certain additional information may be
available on the notification form, such as address at time of diagnosis. In
Denmark, this last iz not being coded and must therefore be retrieved and
processed on an ad hoc basis. Detailed analytic investigations often regquire
geparate data colleetion, with the Cancer Registry serving only to identify
cases.,

For the study of geographical distribution of cancer, be it by the
investigation of incidence or mortality, the registration must ideally be
complete, as this is the only way to ensure comparability of rates between
areas. Central coding or strong centrally directed coding must be undertaken
to aveid differences in disease classificatiom that could spuricusly imitate
geographical differences in disease occurrence.

The special data requirements for small area studies are linked to the
information recorded or available om place of residence.

Statisties on mortality and morbidity are most often produced for the
examination of geographical differences that may provide clues to the etiology
of cancer or to the prevalence of risk factors in a given area. Such routine
statistics may also be used for the monitoring of the developments in
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identified high-risk areas. This type of statistics depends on the degree of
detail to which place of residence is coded. As a rul, this is guided by the
availability of population denominators, which are likely to be the smallest
administrative unit in the country. While such areas may be quite comparable
in terms of size, their populations often are not. In Denmark, the population
of gome 5 million is thus distributed in 275 municipalities with populations
ranging from arocund 2700 on some of the islands to 560 000 in the municipality
of Copenhagen. The distribution of the Danish population varies markedly; in
some municipalities, only around 20% lives in built-up areas of 200 persons or
more and In others the figure is 100%.

Nevertheless, the data collected and classified by the Danish Cancer
Registry during 1970-1979 have been mapped by municipality or county (for rare
tumours). Well-known urban-rural gradients in cancer incidence were
identified (e.g. for cancer of the lung and other tobacco and aleohol-related
cancer) and regional east-west gradients were suggested (e.g. for colon and
stomach cancers). The geographical distribution of pleural mesothelioma
follows closely the use of asbestos in such varied industries as shipbuilding,
asbestos—cement manufacture, train carriage manufacture and glass production
(4). Deviations from the expected pattern were also observed (e.g. low
bladder, high lung cancer incidence). To my knowledge, the study of cancer in
Denmark at this detailed geographical level, by the mapping technique we have
used, has not led to the identification of unknown associations between
environmental sources of carcinogeng and cancer in the country.

Routinely collected and classified data may algo be useful for testing
specific hypotheses on possible associations between environmental exposures
and cancer. The information is, however, of limited use if the exposure is
unevenly distributed within the smallest area for which data are available.
Finer subdivisions require that data for the cancer patients are on record,
ideally by street address. In the frequent absence of denominator
information, the use of other methodologies, such as case—control studies,
could be considered to investigate associations between a point source
emission and a given cancer. Studies ¢of this kind can often be conducted on
the basis of information available from the Cancer Registry or from death
certificates.

Inferences from small area studies will be strengthened if it is possible
to go beyond the dichotomy of exposed and non—expoged. Data are then required
on the length of residence at the address recorded by the cancer registry or
on the death certificate in order teo relate cancer risk to duration of
exposure ag a surrogate for dose. Period of exposure is necessary to take
account of possible latency time for tumour development. This data
requirement can rarely, if ever, be honoured by cancer registries or death
certificates and need ad hoc enquiries.

In certain countries (such as Denmark) with good registrationm of
population movements and excellent facilities for record linkage, the use of
the complete ligt of patients from the cancer registry in combination with
information from the central population register and municipal population
registers may be of use for the investigation of specific bhypotheses. In
Denmark, the residential histories of all children registered with leukaemia,
brain tumours and lymphomas have thue been established together with those of
an age-cex matched control group to investigate the possible association with
electromagnetic fields from high voltage power lines (Olsen, personal
communication).
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Potential f Er in Small Ar

Apart form trivial errors such as incompatibility between numerators and
denominators, the basic morbidity or mortality data may suffer from several
deficiencies that may influence the results of small area studies.

There may be differences in the use and avallability of medical and
diagnostic facilities between areas. In Denmark, the autopsy rate of all
deaths thus varies from 127 on the island of Bormholm to 60% in Copenhagen.
While thiz zeemes to be of little importance for cancer incidence in Denmark in
general, it does seem to play a role for the incidence of cancer often first
diagnosed at the postmortem (e.g. kidney cancer and latent prostate carcinoma)
(5). In Sweden, cancer rates are substantially higher in the city of Malmd
than elgewhere due to the carefully conducted autopsies in more than 90% of
all deaths; statistics are now being published disregarding cancer cases that
first came to the attention of the cancer registry as an incidental finding at
autopsy. Such regional differences in diagnostics are likely to influence
both mortality and morbidity data.

Differences in the practices of reporting cancer cases to the cancer
registry between different regions may exist. The absence of a few cases in
small areas may have a detrimental effect on the morbidity pattern. Mortality
recording is generally complete, but the validity of the diagnostic
information on death certificates is lower than in cancer registries and may
therefore influence regional patterns.

There may be differences in coding and classification, if cemtral or
centrally directed coding is not performed.

Migration into nursing homes before the diagnosis of cancer may play a
role in distorting small area studies, since nursing homes are not always
evenly distributed between areas. Migration as a result of a cancer diagnosis
may give rige to gerious distortions of regional cancer mortality rates.

Migrations between regions will in general tend to disguise the risk of
cancer assocliated with hazardous exposures in any given regiom. In contrast,
the migration of "atypical" populations such as urban industrial workers to
industrial pockets in a rural area may give rise to high-risk areas unrelated
to the indusgtry in guestion.

Finally, numbers are likely to be small in particular for cancer deaths
compared with cancer morbidity, and chance findings are thus more likely when
examining mortality rather than morbidity.

itation f Smal

The interest and usefulness of small area studies in the field of cancer.
lie in the study of relationships between point-source exposures and cancer
morbidity. Other exposures that may give rige to regional variations in
cancer incidence, such as sociceconomic status, occupation and lifestyle,
should primarily be pursued by other methods where exposures are better
defined. In hypothesis-generating studies the reasons for variations between
areas must be carefully evaluated with a view to such factors as well as
potential errors mentioned above and chance findings. Hypothesis—-testing
studies of the influence of, for example, occupational expesures, should be
pursued by appropriate cohort or case-control studies. Due to the
inhomogeneity of most such exposures in geographically defined populatiens,
any effect in small area studies are likely to be diluted and true effects may
be overlooked.
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DATA AVAILABILITY FOR SMALL AREA STUDIES IN YUGQSLAVIA
Mateja Kozuh-Novak

Institute for Public Bealth, Ljubljana, Yugoslavia

nt tion

Yugoslavia is a multinational, multicultural country with extensive
differences in development among various parts of the country. It has a
population of 22.5 million comprised of 7 major nationalities and 17
minporities who live in 6 independent republics and 2 auntomomous provinces in
the area of 255 804 kmZ.

The average population denzity is 87.7 inhahitants per km2 (range: 42.3
in Crma gora to 145.5 in Kosovo). About 20% of the population works in
agriculture (range: 9.4% in Slovenia to 27.67% in Serbia without its
provinces), 46.5% of the population lives in the cities (range: 32.5% in
Kosove to 54.17% in Voivodina). Illiteraecy still averages 9.5% (range: 0.8%
in Slovenia to 17.6% in Kosovo) according to the 1981 population census) (1).

Large differences are also seen in the sources of pollution between the
republicg, as evidenced from the following statistics from 1987. The use of
pesticides ranged from 20 kg/km? in Crna gora to 430 kg/km? in Voivodina.

In the same year, the use of fertilizers ranged from 800 kg/kmZ in Crna gora
to 35 600 kg/km2 in Voivodina. The production of electricity in coal power
stations ranged from 60 000 kwh/lkmZ in Hrvaska to 530 000 kwh/kmZ in

Kosovo. Total iron production ranged from 1.8 tonnes/km? in Voivodina to
227 tonnes/kmZ in Bosna.

Some common statistics are gathered through Yugoelavia. However, due to
differing levels of development, the statistics in the various republics and
provinces are not of the same gquality, although all umits use the same
methodology.

Demographic Data

In Yugoslavia, a citizens' registry contains the following information:
births, marriages, divorces, migration and deaths. At present, these data are
available only to the health authorities. The law on data protection,
~introduced in Slovenia this year, placed some limites om availability of the

data. A law on health data collection is being proposed in order to be able
to get all data in the future.

The population census is held every 10 years, with the next one in 1991,
The demographic data are considered of good quality except in Kosove.

Annual data on births and deaths are available at the federal lewvel 1
year and in some republics 6 months after the year of data collection.

Death certificates include diagnogis, which is transferred from the
medical report of cause of death by the coding staff, one in each republic,

Morbidit | Mortality Dat

The morbidity data are collected from the following sources throughout
the country: hospitalizations, medical birth certificates, fetal deaths,
rehabilitation treatments, accidents at work amnd outpatient visits. All
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statistics are collected annually at the federal level except for the
outpatient visits, which are collected gquarterly.

In all statistics except those for outpatient vigitg, individuals can be
identified if needed for small area studies.

Only 3.5% of diagnoses in the statistics of hospital discharges falls
within the International Classification of Diseases (ICD) group XVI (range:
2.7 to 4.9% in different republics). However, comparisons of the number of
hospitalizations for particular diseases between republics suggest differences
in the accuracy of recording the diagnoses. In contragt to the hoapital
statistics, the percentage of deaths with a diagnosis within ICD group XVI is
rather high, ranging from 2.4% in Slovenia to 30.9% in Kogove. In 1988, the
cause of death was stated by the physician only in 59.B% in Kosove and in
99.8% in Voivodina.

The data on morbidity are available in the Federal Institute of Public
Bealth 1 year after they been collected, and in some republics several months
earlier. Some health statistics are collected only in some republice and
provinces (i.e. cancer, miocardial infarction, diabetes, birth defects and
ahsenteeism). No data are collected on smoking, aleohol intake, food habits
and drug use for the whele country. Some republics and provinces collect such
data through the surveys but not on a regular basis.

Environmental Pollution Data

In the whole country, 50y, and physical, chemical and biological
monitoring of water and radiocactivity of the hiosgphere are monitored. Air
pollution is monitored in more then 350 places, and some republics and
provinces also monitor smoke, dust and other pollutants. A wastewater
registry has been organized, but the guality of its data ig questionable.
There is no consistent monitoring of soil, noise and food pollution in the
country. Although numerous studies have been conducted, those on the same
problem are usually not coordinated and they use different methods. 1In
addition, very rarely is the pollution linked to the health status of the
affected populatiom.

Slovenia belongs to the group of the most developed republics in
Yugoslavia. It has a population of 2 million living in an area of 20 252
km<. Ytz health ztatistics are guite good, heing accurate and mogtly
computerized. In addition, the demographic data and the data of the death
registry in the Institute for Public health can be accessed.

The Qffice for Statistics has developed geocoding, which can precisely
locate each household. Air pollution monitoring is we]l established (3), with
43 measuring points for monitoring S0; and smoke. Ten mobile stations
measure wind, temperature, 507, NOy, CO and ozone. The Office for Air
Monitoring also has a registry of air polluting plants in Slovenia.

There are 211 points for momitoring water in Slovenia. In some rivers,
transport of waste material is monitored. The underground water is monitored
in 16 places. A registry of quality of underground water has been
established. The main pollutants are pesticides.

In 1989, a pilot study on developing a soil pollutant map of Celje county
was completed. The study measured the amount of zine¢, cadmium and lead in
soil and in different plants (4).

In 1979, noise measurement was conducted in selected workplaces (5).
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In spite of thisz huge amount of data, very few studies have linked data
on pollution to the health status of the population. At present, much more is
known about the damage done to vegetation and animals. From the studies done
in Slovenia, it could be concluded that Slovenia has many good scientists in
each particular science to deal with pollution and with the health of the
people, but it lacks the critical number of epidemiologists, supported by
biostatisticians. Well-prepared epidemiological studies are needed that would
be take into consideration the multicausal nature of health impairment. In
some workplaces, studies should be initiated using biomonitoring.
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AVATLABILITY OF DATA FOR SMALL AREA STUDIES IN POLAND
Michal Krzyzanowski

Department of Medical Statistics, National Institute of Hygiene,
Warsaw, Foland

The health status of the Polish population has been analysed using 49
provinces ("wojewodztwo') as the unit of analysis. This approach is
sufficiently detailed for health monitoring, but the provinces are too large
for adequate analysis of envirommental effects on health. In most cases, a
smaller administrative umit - county - would be more appropriate. Each of the
49 provincee contains from 24 to 90 counties. Of a total of 2969 units, 2121
are rural counties ("gmina') and 848 are cities or municipal districte
("dzielnica"). The average county area is 116 km2. The distribution of
number of residents in the counties is skewed: 33% lives in counties with
fewer than 10 Q00 iphabitants, and such units constitute 837 of all counties
(1). Over 307 lives in 40 (i.e. 1.5%) of the most populated counties (cities
or mmicipal districts), each with more than 100 000 inhabitants (maximum =
470 000 people).

The data on exact number, gender and age structure of residents in each
county ig c¢ollected by the National Census, conducted every 10 years (the last
one in 1988). In the between-census period, the datz on births, deaths and
migration are used to estimate the current structure of the county
population. The data are collected and processed by the Central Statistical
Office, which has branches in all provinces. The computerized data are
available to other users.

The Central Statistical Office is also respeonsible for ecellecting and
processing birth and death certificates. The birth registration system
containg data on county of mother's residence, her age, parity, marital status
and level of education, as well as the newborn's gender and birth weight. The
hirth certificate identifies stillbirths, as well as newborns {(with and
without signs of life) who are unable to live.

The death registration system contains information on county of
residence, gender and age of the deceaged person. The underlying, secondary
and direct causes of death are reported (in 96% by a physician), but only the
underlying cause irs coded using three-digit International Classification of
Digseases (ICD) codes.

Both birth and death registration systems are believed to be complete:
the respective certificates are important legal documents and their copies are
used for registration purposes. The data are processed on a yearly basis and
published in statistical yearbooks in a standard form. Until now, only
provinces are used in the tables to illustrate the geographical pattern of
births and deaths. However, the computerized databases enable the data to be
analyeed with finer geographical resolution using information on county of
residence.

The most comprehensive data on morbidity is provided by the Hespital
Diecharge Survey, organized and supervised by the National Institute of
Hygiene. The survey includes data on a 10% random sample of all cases
discharged alive or dead from all hospitals in Poland, except military
hogpitals and peychiatric wards. The present gystem of data collection and
processing has been operating, with small changes, since 1979. Until now
(1990}, only the province is coded to define place of residence of the
hospitalized case. The county code will be included in the database starting
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in 1991. 1In addition to basic demographic informatiom on the case, the
hospital discharge record containg the principal cause of hospitalization and,
for the deceased, cause of death and autopsy diagnosis. All these items are
coded by the ward physician with three-digit ICD codes. Starting in 1990, an
additional cause of hospitalization can be reported and coded: for
hospitalizations caused by accidents, codes for both type of injury and
external causes of injury or poisoning (list E) are used.

The utility of the hospital discharge database for small area studies is
limited by the study design. With a 10% sample, the frequency of less common
diseases in small aress, where the real number of cases is small, may be
estimated with a large sampling error. Therefore, combining adjacent areas or
accumulating data from several comsecutive years is necessary to perform valid
analysis.

The Cancer Registry, supervised by the Institute of Oncology, covers all
of Poland. However, the registration is not complete in all areas. There are
three special registers where all possible sources of information are actively
reviewed to improve the data quality. In the areas covered by the special
regiasters, with 6 million inhabitants, the registration is believed to be
complete. These areas include the most industrialized and urbanized regions
of Poland, as well as some rural regions. The registers are computerized, and
information on county of residence of a case is recorded together with the
cancer type and site, therapeutic activities and other data comforming to the
standards of the International Agency for Research on Cancer. For each case,
an exact address can be identified.

Data on environmental contamination are collected by the
gsanitary-epidemiological stations, as well as by agencies related to the
Minietry of Environmental Protectiom. The most ugeful for small area studies
are data collected in all towns of over 100 000 population and in all
provincial capitals. The daily average concentrations of particulate matter,
807 and NOy are measured in three locations in each such town and in one
location outgide the town. More than three stationg, some measuring
concentrations of other pollutants, are located in big towns or around
selected industrial facilities. A computerized database to store the results
of the measurements is created. Also, data on dusts and 502 emizsion from
industrial sources are available for each province.

The quality of drinking-water is measured routinely in all waterworks and
the data are available in local sanitary-epidemiological statioms, as well as
from a central databank.

Several studies were performed to find a relation between health status
and environmental contamination. Some of these studies actively collected the
data on health status by interviews and/or cliniecal measurements (2-4), by
registration of visits to general practitiomers (5), or by performing special .
analysis of existing data on mortality or hospital morbidity (6-10), Alil
these studies used existing, routinely collected data on environmental
contamination. No estimates of personal exposure were available, and such
data should be collected in special studies planned at the Natiopal Institute
of Hygiene. In future ecological-type analyses, county will be the basic unit
of analysis, not the province. Thig should increase the specificity of the
study.
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A NETWORK OF CANCER REGISTRIES IN THE EEC
M. ?. Coleman
Unit of Descriptive Epidemioclogy, International Agency for

Research on Cancer, Lyon, France
On behalf of the European Network of Cancer Registries

Introduction

A joint initiative has been taken™ to create an internmational network
of cancer registries in Europe, with the following main objectives:

*

- improvement of data comparability;

- comparison of cancer incidence between cancer registration areas in
the European Community;

- monitoring of trends in cancer Incidence; and

- assigtance with consultancy to cancer registries and training of
registry persomnel.
Data Comparability

Comparability of cancer registration data iz essential if valid
comparisons of incidence are to be possible beyond the territory of individual
registries, and in order to form the basis for continuous monitoring of cancer
incidence over large territories. This applies to national territories in
which several regional registries are operating (e.g. United Kingdom, France,
Spain), and to larger domains such as the EEC, where there are both single
national registries (Denmark, Belgium) and national registries that combine
regional registration data sets (S5cotland, England and Wales, Netherlands), as
well az to countries with one or more regional registries providing partial
coverage of the national population (Italy, Spain, France, Germany).

A survey in 1987 (1) showed the extent of variation in the quality and
completeness of cancer registration in the EEC. This variation extends well
beyond differences in the Intermational Classification of Diseases (ICD)
revisions, used to encode cancer diagnoses, to include the methods of data
collection (active, passive), the sources of data, the personne] used to
encode the data, the extent of quality control at data entry, and the rigour
with which possible duplicate registrations are sought. All these aspects of
cancer data collection are likely to have a major impact om the utility of
cancer incidence data in small areas. The stated completeness of cancer
registration (Table 1) is likely to be an overestimate of the situation in
most cancer registries.

A major new survey of cancer registration practice iz being planned for
1992 to cover the 90 or so population-based cancer registries within EEC
Member States. This indepth survey will be designed to identify those
practices most likely to have an impact on the comparability of data between
registries and to produce recommendations for adoption by registries as
accepted practice in the Furopean Community. General guidelines on
registration practice have recently been published (2).

* by the International Agency for Research on Cancer, Danish Cancer

Registry, International Association of Cancer Registries and the Latin
Language Registry Group. The project is partially funded by the Europe
Against Cancer programme of the EEC.
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Table 1. Cancer registries in the EEC.

Populatign Declared completeness
coverage of registration™

(%) (%)

100 99
100 96

12 70-99
19 50-90
16 95

9 80-99
100 65-99

5 75-90
14 80-99
100 60-99

Belgium
Denmarlk

France

Germany
Ireland

Italy
Netherlands
Portugal

Spain

nited Kingdom

'—l
L0~ b~ ~] = W=

-

Total 37

in
W

Source: (1)

Proportion of national population resident in registry
territory.
**  (Completeness of registration; as stated by registry(ies)
concerned.

Comparison of Incidence

Quinquennial publication of cancer incidence data from around the world
in the serial publication Capcer incidence in five comtinents (3) has provided
age— and gender—specific incidence rates from over 100 ecancer registries for
some 60 major cancer sites or site groups, defined principally at the level of
detail of three-digit ICD site codes, although summary statistice have also
been publizhed at a finer (fourth-digit) level of detail where possible.

The Network of Cancer Registries has undertaken the development of a
database of cancer incidence and mortality data from EEC countries,
provisionally entitled EUROCIM (for European Cancer Incidence and Mortality).
Thie is intended to be a readily available electronic database providing
powerful and flexible access to a vast range of data on cancer within the
EEC. It is also intended that the database should be extended beyond the EEC
pnce its operational characteristics have been adequately tested and refined.

EUROCIM will have data numerators (cases or deaths) and denominators
(populations) organized by type of event (incidence, mortality), gender,
calendar period of registration (year), age (S-year age groups),
epidemioclogical "entity" (see below) and territory. Its software will be
interactive and menu driven for rapid retrieval of data from the main databasge
into a working dataset for a particular emquiry (Fig. 1). It will have: a
full range of statistical, tabular and graphical functions for amalysis and
display of the data; the capability of exporting data files for further
analysis in other programmes (e.g. GLIM, §AS); and compatibility with IBM-PC
architecture. The choice of cancer classification for data within EUROCIM was
driven by the need to be able (a) to study specific histologic types of comron
tumours within single territories, and (b) to expleit the flexibility provided
by electronic storage of the data, enabling the user to chooze the level of
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Figure 1. Schematic representation of data manipulation for EUROCIM.
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aggregation of data. Thus it should be possible to examine retinoblastoma or
squamous cell carcinoma of the female genital tract: neither option is
available in conventional printed tabulations.

The solution adopted has been to define a series of "entities" intended
to be the smallest element of malignant neoplasia (as defined conjointly by
topography and morphology) that is consgidered likely to be of potential
epidemiological interest, and to clasgify the data in EUROCIM to these
entities. For example, an entity such as "upper lip (exeluding skin),
squamous cell carcinoma” is distinct from the entity "upper lip, basal cell
carcinoma®.

Some 700 such epidemiological "entities" have been defined. In most
analyses, entities would be grouped into more conventional site categories.
The purpose of storing the data in emall categories is to open up the
possibility of doing other, less conventional analyses. Availability of the
data on electronic media would emable, say, data on retincblastoma to be
aggregated for all registries in a given time period, or geographical
comparisons to be made at the internmatjonal or regional level.

The prerelease version of EUROCIM is undergoing operational testing in
the cancer reglstries that provided the initial data during the first half of
1991. A definitive version should be available in late 1991. Regular
updating of the database is envisaged in order to maintain ite currency as a
tool for epidemiologists and public health professionals.

The Network of Cancer Registries is expected to provide a congiderable
impetus to the improvement of the quality of cancer incidence information in
the European Community, and thus to enhance the utility of this information
for addressing the public health problem posed by cancer.
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AVAILABILITY AND USE OF SMALL AREA DATA IN SCOTLAND
Vera D.L. Carstairs

Department of Public Health Sciences, Edinburgh University,
Edinburgh, United Kingdom

Scotland is fortunate in having a coherent system for small area data
that facilitates analyeis using the postcode as the basis for area coding and
¢lassification (1). Postcodes are constructed as follows:

EH 37 5 uQ
Area District Sector Unit

The wmit identifies the small area of the "postman's walk" and comprises about
38 households. There are around 1000 sectors (PCS) with an average population
around 6000, and this provides a suitable level for analysis of health-related
data.

Census areas are planned so that postcode unit boundaries are fully
contained within census enumeration districts (EDs). However, postcode
sectors cross local government district boundaries in many instances and
cengus output at this level is gplit into part-sectors in order to maintain
congistency with data for local authorities; part-FCS may easily be combined
from the census counts available on the small area statistics (SAS) output.
Postcode units may be allocated to a range of area levels (Fig. 1) using the
Central Postcode Directory maintained by the Registrar General; part-PCS are
one of these but analysis at whole sector level obviates the need to use the
directory. The SAS census output contains a wide range of population,
household gnd ecomomic activity tables and iz available for the range of areas
seen in Figure 1. These tables supply both numerators and denominators for
counts which may be used in further analysis.

Postcoding of registerable events and health service records is well
egtablished, and the link between these events and the census data is easily
accompliched.

Intercensal population estimates are not available below the level of
local authority district (N = 56) due to problems in obtaining reliable data
on migratien. The prospects of obtaining information from within the health
service are good: records for all individuals registered with a general
practitioner are held for adminigtrative purposes (payment of general
practitioners) by the health boards on the community health index (CHI). The
CHI serves a range of purposes (e.g. call or recall for jmmmization and
screening), and developments in the nature of the general practitioner
contract indicate that these registers will become increasingly accurate and
could provide population data for small areas. A source of intercensal data
for socloeconomic characteristics is less obvious, but unemployment statistics
are already available, car-licensing data provide a possible source while
information on income levels (from taxation scurces) and income support (from
social security sources) exists but is not currently accessible.

5mall area studies using health services data have provided a bagis for
assessing the possible influence of a nuclear processing installation on the
health of the population (2), EDs being assembled in this case to provide
populations living within 12.5 km and 25 km of the installation. Expected
numbers of events could then be calculated from natiomnal registration rates
and compared with the observed events: leukaemia registrations in the age
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Fig. 1. Small area geography within Scotland
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group 0-24 years. These methods may also be used to assess the links between
socioeconomic circumstances and health (3).

Social factors play an important role in the determination of morbidity
and of mortality, and this influence may be observed in the gradients in
mortality by social class, with deaths and populations classified om an
individual basis (4). Variations in morbidity and mortality may also be
identified using sociveconomic characteristics from the census to classify
areas on a dimension from poverty to affluence. This approach overcomes many
of the limitations that exist in respect to social clags. First, unlike
social class, most events may be allocated to an area, via the postcode of
residence. This permits analysis in relation to the characteristics of the
area of a wide range of events for which occupation and social class are not
normally available and for age groups (and women) for which mocial class
information is far from complete. Second, populations show little variation
in respect to distribution by social class whereas they are widely diverse in
relation to area characteristics, and thus provide a better basis for
explaining variations observed in morbidity amd mortality (5).

Data for Scotland are used to exemplify this area-based method (3). The
area level used is that of postcode sector (N = ca. 1000). An area measure of
"deprivation' was derived from census data, composed of the four variables
seen in Table 1. These variables were selected as representing or being
determinants of material disadvantage.

Table 1. Deprivation compoment variables.

Variable Standard
deviation

(%)

Persons with no car 19
Men unemployved 7
Cvercrowded housing 11
Head in low social clasa (IV & V) 10

The values are transformed into a single score for each sector using the
Z-score technique, this being an unweighted combination of the four component
variables standardized.

The deprivation scores are allocated to seven categories (DEPCATs) in
order to illustrate the gradients. Approximately 25% of the populationm is
found in the middle category (DEPCAT 4) and 6-7% at either extreme, comparable
to the proportions in social classes I and V.

The events data were assembled for years close to the census and comprise
large numbers of events. The correlation of standardized mortality ratios
(8MRs) for PCS with the social variables is seen in Table 2.

Trends in mortality by DEPCAT are geen in Figure 2. The gradient is
strongest at 0-64 and most pronounced at ages 25-34 and 35-44 years for both
men and women (3). A few causes show no evidence of any association: cancer
of the breast, diseases of the nervous system and of arteries, and
cerebrovagcular diseaseg at all ages.
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Table 2. Correlation of standardized mortality ratios (SMRs) with social
variables.

Variable

Deprivation

No car
Unemployed
Overcrowded

Low social class

Approximately 70% of causes of death shows a link with deprivation and
the gradients for selected causes (Fig. 3) are particularly promounced for
cancers of the lung and cervix, bronchitis, liver disease and cirrhosis, and
guicide. Only two causes of those examined show significant negative
association: leukaemia and musculoskeletal diseases.

For cancer registrations the gradients are also steep for cancers of the
stomach and vesophagus as well as lung and cervix (Fig. 4). In addition to the
gites shown, a slight reverse gradient is also seen for cancer of the colon (r
= -0.16); no association in either direction is evident for cancer of the
rectum (=0.02) and leukaemia (-0.06). Approximately one third of

registrations are for sites that show a link, one third exhibit a reversge
gradient, and for the remaining third there is no evidence either way (3).

Health boards in Scotland show little variation in the population
distribution by social class but are markedly diverse in respect to
deprivation, with Greater Glasgow having 50% of population in the two most
deprived DEPCATs compared with lesz than 10%2 in many other boards.
Deprivation is shown to provide a better basis for explanation of variations
in mortality than does social class, both between health boards in Scotland
(5) and between Scotland and England and Wales (6).

These data describe but do not explain differences in health state.
Information on environmental characteristics and health-related behaviour that
may supply some of the explanation is not readily available at the small area
level, but some relevant information for a sample of local goverument
districts in Scotland (7) shows the clear link between the deprivation score
and health-related behaviour (Table 3).

Biological factors (other tham cholesterol) also show the expected
link. Data of this kind inform us only about current characteristics; many
of the determinants of health state 1ie in the accumulated inherited, prenatal
and life-time experiences of individuals (8) so that current circumstances
rarely provide a complete explanation of the variations observed. These links
with socioceconomic conditions nevertheless point to the need to take account
of such confounding factors when examining the influence of the physical
environment on health,
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Fig. 3., Cause SMRs (M + F) 1980-85 by DEPCAT
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Fig. 4. Cancer registrations 1979-1982 {male and female) by DEPCAT
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Table 3. Risk factors in 22 local government districts: correlation with

deprivation.
Risk factor Correlation with deprivation
Male Female

Percent smoking 0.90 0.90
Alcohol units 0.70 =0.37

Percent not eating:

- fruit 0.85 0.78

- greens 0.81 0.87
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USE OF MORTALITY DATA IN SMALL AREA STUDIES
Alan D. Lopez

Global Health Situation Assessment and Projections,
World Health Organization, Geneva, Switzerland

Each year, the World Health Organization receives detailed mortality data
by age, sex and cause of death for about 80 countries, or areas of the world.
Altogether, these mortality statistics cover about 40% of the estimated
50 million deaths estimated to occur each year. The reliability of the data
varies considerably, however, depending very much on the level of health
development in countries.

Reliability of Datg
The two principal indicators that are commonly used to assess reliability
of mortality data are coverage (i.e. the proportion of deaths "captured" by

the vital registration system) and quality, measured directly by the degree of
medical certification and indirectly by the proportion of deaths assigmed to
the category of "Signs, Symptoms and Ill-defined Causes" in the International
Classification of Diseases. Thus in the ideal case, coverage would be 100%,
as would the extent of medical certification of the cause of death. In this
case, the proportion of ill-defined causes would be very close to zero (there
are always likely to be some deaths, usually at the very extremes of the life
gpan, for which the underlying cause of death is impossible to determine on
the basis of information available to the certifying physician).

In Europe and in the developed countries generally, coverage and medical
certification of deaths are virtually complete. However, the fact that an
umderlying cause is entered on the death certificate does not guarantee its
accuracy. In the developed countries, anywhere from 25% to 60% of deaths
occur outside a hospital or health establishment and the certifier may not
necessarily be the person most familiar with the medical history of the
deceasged. Lack of adequate training of physicians about the public health
importance of death certification leads to inaccuracies in the assignment of
underlying cause. The choice of underlying cause is frequently very difficult
at the very advanced ages due to the likelihood of multiple pathologies at or
around the time of death. As a result, the code "genility" or some other
ill-defined cause is often assigned at ages 65 and over and particularly among
the oldest old. The proportion of ill-defined causes varies from less thap 1%
to as much as 8% among the developed countries, the vast majority of these
deaths amomg the elderly.

Errors in cause of death attribution can and do occur at other stages of
the certification process. The process of reporting and ordering causes of
death on the death certificate (i.e. medical certification) is preceded by the
basic phase of diagnosis of diseage. The comparability of cause of death data
between countries, within countries and in any given population over time is
to a greater or lesser extent affected by such factors as "diagnosis fads"
(e.g. coronary heart dizeasze at different phases of the epidemic),
availability of diagnostic aids, gquality of medical training and duration of
separation from medical gchool, and use of autopsies. Clearly, these
diagnostiec influences can be expected to vary significantly in larger, more
geographically dispersed populations, with obvipus implications for small area
comparisons. Similarly, in countries where cause of death coding is not done
centrally (e.g. Germany), inter-regional differences in the application of
coding rules and procedures will affect the comparability of mortality data,
even though standard national guidelines may be available. This practice too
will affect small area statistics in countries where it is applied.
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Cause of death gtatistics are of fundamental importance for small-area
health situation agsessment since they are gemerally the only comprehensive
gource of small-area health statistics. A recent study on avoidable mortality
in the European Community analysed mortality data for 360 study areas
(excluding Spain and Portugal) with mean population sizes ranging from 300 000
(Luxembourg, Denmark) to 5.6 million (Germany). Regional mortality data are
widely available in other large countries such as France, the United Kingdom
and Italy; the average population size for the areas is about 500 000. This
is likely to provide sufficient geographical resolution for a variety of
mortality analyses.

In addition to the reliability issues identified above, what are some of
the other considerations in the use of mortality data for small-area studies?
Clearly, it is desirable to define population clusters/areas that are
relatively homogeneous with respect to socicobehavioural factors likely to
affect mortality. Against this, small areas (e.g. populations of 300 000 to
500 000 or so) will have relatively few deaths (3000 to 5000 in this example)
each year, and when further disaggregated by sex, age and cause, the
robustness of mortality indices is clearly of concern, all the more so when
the underlying reliability/comparability of the cause of death asgignment is
questionable. This is less likely to be of concern in large (e.g national)
populations where "compensating errors” in the cause of death statistics ave
more likely to be "self correcting”.

Ancther major concern are populations at risk (denominators). Small-area
gstudies may be used to evaluate the effects of a gpecific exposure or of the
efficacy of health services, which require that the population at riek be
relatively uncontaminated by population movements. Inter-regional migration
clearly violates this requirement, and hence areal populations subject to
comparatively high migration (in or out) are unsuitable for such studies.
Again, this is not likely to be a problem at the national level due to
compensatory flows and larger denominators.

Timeliness of data is also likely to vary among areas due to differences
in procedures, Follow up and administrative efficiency. Comparable
calendar-year data for reporting units may thus be difficult to obtain for
some countries although this is unlikely to seriously hinder comparisons since
the level and pattern of mortality by cause are relatively invariant over
short intervals.
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HEALTH AND ENVIRONMENTAL DATA FOR SMALL AREA STUDIES IN THE NETHERLANDS
M. Drijver

Community Health Service South Kennemerland,
Haarlem, Netherlands

tr tion

Although health and environmental data in the Netherlands are gathered by
national registries, small area studies on health events are predominantly
performed by epidemiologists of about 60 regionmal public health services (1).
One of their major tasks is to make a "health profile” of the regiomal
population. Thig will often result in a description of the health status at
municipal {or sometimes neighbourhood) level, measured by mortality and
hospital discharge data, compared with the mean rates in the country,
gtandardized by age and gender. This paper gives an overview of the nature
and gource of these and other health data. Linking aggregated health outcomes
with indications of environmental exposure has only been performed in specific
surveys and studies in envirommental epidemiology, because it is hard to
obtain standardized enviromnmental pollutant levels at the neighbourhood,
municipal or regiomal level. Nevertheless, an attempt has been made to
describe the main gatherers of environmental pollution data, among which the
National Institute of Public Health and Environmental Protection (RIVM) plays
an active role (2). 1In addition, as biological monitoring iz a type of data
collection on the borderline of environmental and health data, some
congideration is given to this area. Finally, a stepwise approach is
proposed for how to manage suspected clusters of disease in relation to point
sources of environmental pollution, illustrated with a study on a childhood
leukemia cluster (3).

Health Data

The most important source of data on health outcomes in the Netherlands,
as well as on many social, economic and environmental determinants, is the
Central Bureau for Statisties (CBS) (4). Statistical information is gathered
about a set of national indicators, among which are the Health For All
indicators of the WHO Regional Office for Europe (5).

Table 1 gives an overview of public health data, as administered by the
CBS (4). Data on causes of death have been gathered since 1900. All
diagnoses are coded according to the International Classification of Diseases,
Injuries and Causes of Death. The smallest geographical unit at which thege
data are available (for epidemiological research) is the mmicipality.
Because of protection of privacy and the medical secrecy act, data that might
result in identification of individuals cannot be obtained. Therefore, the .
aggregation level of age and diagnosis categories is related to the population
gize and the incidence of disease or cause of death. Some research
institutions receive data, under strict conditions, at the individual level.
In any case relatively high costs are involved.

Diagnoses of clinical patients are gathered by the Information Centre for
Health Services, founded in 1963 (6). Since 1986, all general and academic
hospitals are connected to this center. The WHO indicators are comparable to
the Minimum Bagsic Data Set of the Council of Europe. A number of shortcomings
have appeared. First, all registration of occupation met strong resistance
because of protection of privacy and was soom ended. Second, data are not
split into firgt and repeated admissions. Third, no medical data linkage
between several hospitals has yet been established.
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Following some regional cancer registries and a registry for childhood
leukaemia, a gpecific national cancer registry was started in 1986 but has
only recently achieved an almost complete coverage (7).

Ancther relevant registry is EUROCAT, which records congenital anomalies
and {(until 1989) twin births (7). This registry started in 1981 in the
northeast part of the country (1 million inhabitants) and will be extended to
the southwest part. A start has recently been made to ask for parental
chemical exposures.

A primary health care registry is the continuous morbidity sentinel of 60
general practitioners, covering 1 7 of the total population (7). These data
are being analysed by the National Institute for Primary Health Care (NIVEL).

Furthermore, health registries are being kept by health insurance
companies, but these are hardly accessible for scientific research (7). Apart
from all these centrally administered databases, regional public health
gervices gather data with respect to regional occupational health and youth
health care. BSome of these services alzo collect data from regional sentinels
of general practitioners and/or health inquiries (7).

Data on Intermal Human Evposures

In many e¢pidemiclogical studies humam materials are gathered and stored,
which can be used to assess the body burden or biological effect of
environmental contaminants. Theoretically they can be linked to health and
environmental data from the same geographical populatiem. In practice general
applicability of this type of data is often hampered by the lack of
representativeness of the original study population, inadequate sampling
conditions and/or inadequate control of confounding factors.

RIVM is working out a programme to gather these data in a more systematic
way (8).

Environmental Data

Data on environmental comcentration levels of xenobiotic and radioactive
agents in air, water, soil and food are being gathered by the Coordinating
Committee for Measurements of Radioactivity and Xenobiotic Substances (2).

The number of continuous measurement points varies from 1 (for benzene in air)
to 255 (for mitrogen compounds in drinking water) throughout the country.

Many measgurements are being performed by RIVM in a standardized way. They,
for instance, produce high-quality geographical mappings for gome air quality
indicators, measured on a high—density grid base.

In addition, some larger munjecipalities are funded to develop “traffic
pollution maps", in which levels of noise, NOy, CO and sometimes benzene are
calculated for streets with high traffic intensgity.

In case of (suspected) enviroumental "point source" contaminatiom,
meagurements are taken by municipalities or provinces. These are carried out
by various laboratories and can therefore not he compared directly.

Personal data on environmental exposure are gathered omly in specific
surveys.
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Small Area Studies

Publie health gervices often are confronted with questions about whether
an, according to the observer, marked number of similar cases of a disease in
a certain area, time period and/or population could be attributed to a common
cauge: for instance, some sort of environmental pollution.

As a guide to solve this kind of problems in a systematic manner, the
author has written a manual for public health services on how to investigate
thege clusters of disease (3). In this protocol three steps are
distinguished: inventory, qualification and quantification. In each of these
steps, questions have to be angwered about the cases, about the suspected
cause, (i.e. environmental pollution) and about the plausibility of a relation
between these two. After each step, a decision has to be made to stop or
continue the investigation. During the investigation, feedback to the
population concerned is considered to be very important.

In the inventory phase the normal frequency of disease occurrence in
question has to be traced, as well as the local environmental situation and
the biological plausibility of the hypothesized relation, in preparation for
the next phase.

If the sigmal cannot be refuted so far, it has to be verified in the
qualification phase. Personal contact with the informant may be egsential to
estimate the importance of the signal. Other informants are local general
practitioners and authorities for medical, population and environmental data.
Afterwards an attempt has to be made to judge the nosological eatity of the
cages (do they belong to the same demominator?) and the plausibility of the
exposure—effect relation, according to duration of residence.

Still unrejected suspicions can be tested in the quantification phase. A
precise definition of the kind of disease, the gize of the index population
and type of the reference population, the observation period, and preferred
age and gender categories are necessary. The frequency of ocourrence of the
disease concerned has to be compared to reference data, for instance, by
calculation of standardized incidence or mortality data. If no artefacts seem
to be responsible for increased risks, a causal relation can be made plausible
only by conducting an epidemiological study to measure (a "proxy" of) the
individual exposure and possible confounders. An example of a suspected
cluster, which has passed all steps, will be described below.

Leukemia Cluster in Aalasmeer

The parents of a boy who died from leukaemia became concermed when they
learned that 12 "comparable" cases had occurred within two kilometres of each
other. They lived in a quarter of Aalsmeer, a village of 20 000 inhabitants
famous for its flowers and close to the runways of Schiphol, the largest
international airport in the Netherlands. They wondered whether these
digeases could be related to the air pollution from Schiphel or to swimming in
a natural swimming pool, assumed to be polluted by horticultural activities.
After verification of an increased incidence of leukemia and lymphoma under
the age of 40 in the 1980s, and verification of different sources of local
environmental pollution with oil and pesticides in the 19708, a
community-baged case control study was carried out to estimate the exposure to
all chemical risk factors known from the literature (9).

For each case (n = 14) four controls matched for age and gender were
selected by the general practitioners. All participating families filled oat
a questionnaire about lifestyle, living habits, living conditions, exposure to
chemicale and health. As reported inm the literature, intensive use of oil
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products and pesticides by the cases and their parents appeared to increase
the rigk. Swimming in a local natural swimming pool also showed an increased
risk; this pool had been polluted by some incidents with oil and pesticides
in the past. At last it could not be ruled out that the local air pollution
from the airport and traffic also attributed to the risk.

Conglusion

Many health, biological and environmental data are being gathered in the
Netherlands. Health data often are available (againgt high costs) at
mumicipal level, and some in the future may be at postcode level, at least
when identification of individuals is not possible. At this aggregated level
a regional health profile can be made by regiomal public health services.

With few exceptions, biological and envirommental data are not yet
systematically gathered by regional authorities and cannot be easily linked
with postcodes.

It can be concluded that health and environmental data linking on an
aggregated geographical level has to be performed with care.

Because of the nonspecificity of most effect and exposure parameters,
further information often has to be gathered by performing an amalytical
epidemivlogical study with health and exposure assessments on the individual
level. Only then will it be possible to adjust for socioeconomic class,
occupation, smoking, food habits and other confounders, information on which
is hardly available with sufficient geographical resolutiom.
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RECORD LINKAGE AND CONFIDENTIALITY
Rainer R. Frentzel-Beyme

German Cancer Research Centre, Department of Epidemiclogy and Biometry,
Heidelberg, Germany

In his preface to Medical recopd linkage, Acheson cites Bothwell (1965)

as having divided medical problems into two classes: those in which the data
to solve the problem do not yet exist, and those in which the solutiom is
available but not generally applied. A third, and perhaps intermediate, class
of problem would be where the data to solve the problem exist but are
inaccessible.

The idea of record linkage is to make data that exist accessible and
ready for use in order to solve problems that could not be solved without the
uee of these data.

Dunn (1%46) created the concept in stating that: "Each person in the
world creates a book of life. This book starts with birth and ends with
death. Its pages are made up of the records of the principal events in life.
Record linkage is the name given to the process of asgembling the pages of
this book into a volume". Newcombe (1957) proposed the arrangement of
pergonal filegs in family groups for the purpose of an accumulation such as a
tamily record linkage. Accordingly, record linkage iz the bringing together
of separately recorded data relating to an individual (or family) in spite of
discrepancies or omisgions in the identifying particulars.

Much hag been written and tried in the time since these first definitions
of the idea, and some countries have been very successful in using the concept
of record linkage. Among the nations with very pronounced uses of record
linkage are the Scandinavian countries and Canada. Numerous publications
resulting from the smooth linking of a registry data or data from census
record and disease registries have shown the strength of the concept, the
usefulness of the approach and the bemefits in terms of cost effectiveness.

Nevertheless, there are also doubts concerning the usefulness of linking
data that were not created for the purpose. The discussion should, therefore,
concern cases in which record linkage has shown its justifigation and contrast
them with cages in which record linkage ies not to be the method of choice.

Linkage is based on identifiers, and in areal/regional studies health
outcomes can be attached to data from geographic type as a locator of high
resolution.

The essential element for linking is a commen identification number or .
other tag. The experience with linkage by name is rather mixed, and a lot of
effort, energy and creativeness have been used to make linkage by surname
feasible and valid. Nevertheless, the experience with persomal identification
numbers is superior, although it depends on the existence of such a nationwide
personal identification number system.

Advantages of routine records have been pointed out {Acheson, 1967}, but
special surveys and studies have the extra advantage that their scope can be
enlarged to or focused on the problem in question. In addition, record
linkage as a means of improving validity of records should not be of concern
in the framework of data requirements for analysing spatial patterns. Any
study based on record linkage would have to include validation of the
information as part of the procedure.







