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GIS and Public Health

Great leaps of science are often made at the borders where different fields of research meet. GIS in health research may prove to be a good example of this. In many public health and epidemiology projects GIS has recently emerged as an innovative and important component, sometimes even an essential tool. It is easy to determine spatial relationships between disease occurrence and other information that is geo-referenced differently from the disease data.

It is obvious that GIS has a lot to offer the health sciences ( Cliff and Hagget 1988, Gatrell and Löytönen 1998). On the other hand GIS involves concepts and analytic techniques that can lead to uncritical use of the technology. Epidemiology, statistics and geographic information science combined can bring important improvements to medicine and health research. More links should be formed in multidisciplinary research areas working with GIS techniques (Goodchild 1992). 

There is little doubt that GIS provides powerful tools for visualising and linking data in public health surveillance. More important is however the epidemiologic analytical capabilities of the present and future GIS. Methodologies for analytical confirmatory analyses are essential. The current state of spatial epidemiology is still mainly descriptive from a statistical point of view. There is, in contrast to other areas of epidemiology, little inference in terms of confidence intervals and hypothesis testing. Thus the main importance of GIS-related methods are still as hypothesis generating. The gap between GIS and appropriate methods for statistical analysis is however currently being filled by an increasing number of software packages.

Environmental epidemiology is a field of increasing importance and improved techniques. The epidemiologist Sarrachi formulated a strategy for future environmental epidemiology, in 1978, bringing in to focus three important issues: 1. Improvements in exposure assessment. 2. Tackling the problem of the combined effect of multiple exposures. 3. Integration of experimental and epidemiologic evidence. Here the issue of exposure assessment is crucial. The questions of timing of exposure and its relationship to induction or promotion of disease including the human individual variation of susceptibility as well as latency periods and interaction with other factors are essential.

There has been a trend in modern epidemiology towards more individual-level focused research. This has raised considerable criticism during the last years (Pearce 1996). In an intense debate it has been claimed that an orientation in the direction of more multidisciplinary approaches to understand the causation of disease in populations is necessary. 

In his paper, "GIS in public and environmental health: visualisation, exploration and modelling" Anthony Gatrell presents three classes of methods: Visualisation, exploration and modelling where the first two are closely related and brought together under the concept "exploratory visualisation". Visualization can be used in novel ways to explore the results of traditional statistical analysis. Displaying the locations of outliers and influential values on maps and showing variation in values over space and time can add a great deal to epidemiologic research. Although such tools are being developed and explored, they would benefit greatly from a closer and more seamless link between statistical packages and GIS. The second general class of GIS methods addresses exploratory spatial analyses that allow the analyst to sort meaningfully through spatial data, identify "unusual" spatial patterns, and formulate hypotheses to guide future research. The quantity and diversity of spatial data in GIS can be overwhelming and exploratory methods may help the analyst make sense of data and address "what if" questions.

Among the most important exploratory methods for epidemiology and public health are methods for identifying clusters or clustering in space and/or time (Alexander and Boyle 1996, Hjalmars, Kulldorff et al 1994, 1996 and 1999, Kulldorff 1998).

Modelling, the final class of spatial analysis methods includes procedures for testing hypotheses about the causes of disease and the nature and processes of disease transmission. In general, modelling involves the integration of GIS with standard statistical and epidemiologic methods. GIS can assist in generating data for input to epidemiologic models, displaying the results of statistical analysis, and modelling processes that occur over space.

Other GIS models are more explicitly spatial, expressing relationships or flows between people and places. Spatial interaction and spatial diffusion models are of particular relevance to the study of emerging diseases. Some GIS now have spatial interaction modelling capabilities (Ding 1992). Today's functional capabilities of GIS have been made possible by a number of circumstances such as the technical revolution of powerful microcomputers, improved data handling and software evolution. GIS hardware has continued to improve. Workstations have both increased in power and become much cheaper, making this platform the choice for large, GIS projects. Microcomputers have become immensely powerful and fast, easily capable of performing basic GIS operations even on portable computers. The availability of digital maps provided the basis for georeference of data. Important technical innovations in data and data access for GIS are under way.

One important innovation has been increased access to the global positioning systems (GPS). These systems have also gained in precision and accuracy. Computer networks further enhance accessibility of both data and analytical processes. GIS software has improved remarkably in the latest generation and will undergo still more changes. User interfaces of the GIS software, that from the beginning were crudely prompt-commanded, have been developed into easier-to-use graphical window-systems. In the end the GIS technology rapidly has evolved into systems that are relatively inexpensive, fast and easy to use. Multimedia and hypermedia are also becoming a component of GIS software. The independence of the software from particular computer platforms is highly desirable.

Gatrells paper elegantly covers the most important topics of contemporary GIS concerning description and explanation of spatial variation of disease and illness. Numerous examples of existing applications of GIS in health sciences are given. The issue of descriptive versus analytical capabilities is elucidated and future research agendas are suggested (Vine et al 1997). The technical problems of display and mapping of disease occurrence are mainly the tasks of public health investigators and health planners. For analytical studies the principle areas in regard to future research address methodological questions concerning exposure assessment and statistical tests for spatial analysis. These are two of the crucial issues in GIS-based environmental epidemiology. One should be aware that for diseases with multiple casual factors an integrating approach is essential. GIS techniques can assess a multiplicity of external factors, such as physical variables, technological hazards and social/demographic factors. For future research it is also desirable to integrate biological indicators into exposure assessment. Much remains also to be done with respect of the timing of exposures as how they relate to induction and latency issues. What location is an adequate marker for exposure? The question calls for further studies regarding the relevant indicators. Furthermore, the possibility of integrating models of multiple exposure including chemical and physical as well as social factors is important.

There has been a strong trend in modern environmental epidemiology towards the examination of individual biological factors (biomarkers, genetic epidemiology). GIS may provide tools for an integration of such aspects of case characteristics and environment. The social milieu is in many cases significant as it can influence both contact with and toxic or carcinogenic effects of environmental agents. Questions may be asked, such as: What is the geographic pattern of risk at the local level and what are the underlying processes that amplify or attenuate the risk? How do time, scale, and resolution affect the measurement of risk and their spatial representation? How can a composite measurement of risk designed to differentiate areas be created? How can it be represented spatially? The GIS can link exposure, outcome and confounding by location. It may also have the ability to link existing data on possible confounding factors and efficiently bring together many pieces of information that are relevant to studying trends in disease incidence.

GIS is indeed an enabling technique but one should not ignore the base of research necessary for using GIS in the health sciences. It is important to recognise the present weaknesses of GIS methodologies in epidemiologic research. GIS-based studies are by now ecologic in nature with the inherent biases in attempting to conclude individual effects from small area and group data. Another difficulty is the modifiable area unit problem: Analyses on regional data give different results depending on how the areas are defined. The problem of mobility and other time-varying effects is addressed in Gatrells paper.

The main problem in GIS-based epidemiological studies are however the availability of reliable exposure data. In most cases the use of calculated or measured data is, at best, only an approximation of the actual exposure. Data on past exposure and location has to be detailed and accurate, concerning mobility and other outcomes that are dependent on time variation. The results from analyses on regional data will of course depend on the spatial scale used. The sophisticated display possibilities can bring a false sense of accuracy. Results from analyses will never be more accurate than the quality achieved for the data used in the analyses. Data quality of both geographical and other data used is critical to the accuracy of statistical inference. Methods for estimating the uncertainty of the applied attribute values is necessary for evaluating the accuracy of available health data. As Waller points out: " a good map of bad data appears more "accurate" than a bad map of good data" (Waller 1996). The fact that the results from GIS-based studies are considered as hypothesis-generating can never be an excuse for using data of poor quality. An accurate and appropriate study design will always be an indispensable demand. The choice of the endpoint of impaired health is also crucial. It must be both biologically plausible and measurable.

The importance of a systematic approach in testing of GIS emergent hypotheses is emphasised by Jacquez (1998) who hits the nail on its head in his paper " GIS as an enabling technology: " " recognise that the full promise of this technology will not be realised until we couch hypotheses emergent from GIS as falsifiable predictions within a systematic framework".

There is still a lot of work to be done in order to improve the GIS-based epidemiologic methods into tools for fully developed analytical studies but the future is indeed promising. 
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