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Introduction

The utility of GIS for health research hinges critically on data quality. Whether helping in detection of disease clusters, associations between disease and social or environmental variables, predicting the spatial spread of a disease or efficient deployment of health care resources, the ability of GIS is hampered by the availability of clean data at fine spatial resolutions. The power of GIS to combine data from many sources, using many different scales, projections and data models is one of its major strengths, but also its major weakness. Inevitably, sensitivity to the idiosyncracies inherent in each data set is lost and data accuracy suffers. This chapter addresses the nature of data problems in GIS and health in developing and developed countries. It begins with a brief review of recent applications of GIS in environmental health. 

GIS Applications in Health

Due to its ability to combine data from many sources for identification and mapping of environmental factors associated with disease vectors, GIS is particularly suited for disease surveillance and monitoring. Some recent applications include vector-borne diseases (Glass et al., 1995; Beck et al., 1994; Richards, 1993) water borne diseases (Clarke et al. 1991), environmental health (Cuthe et al., 1992; Braddock, 1994; Barnes and Peck, 1994), modeling exposure to electromagnetic fields (Wartenberg et al., 1994), and quantifying lead hazards in a neighborhood (Wartenberg, 1992). Bishai et al (1998) applied GIS to the analysis of TB transmission patterns in Baltimore. By mapping the home addresses of TB patients the study was able to assess the relationship between residence and disease. It concluded that recently transmitted TB occurred in high-risk neighborhoods where poverty, crime, drugs, homelessness, and alcoholism are prevalent. Israel’s national surveillance system for monitoring and control of malaria is based on a GIS that includes data on the locations of breeding sites of Anopheles mosquitoes, imported malaria cases, and population centers (Kitron, 1992). Similar work seeks to develop a base-map of malaria risk in Africa using available geographic, demographic and malariometric data to guide geographic targeting of malaria control resources (le Sueur and Martin, 1996). Spatial and ecologic data were combined with epidemiologic data to identify locations of high prevalence and monitor intervention and control programs for onchocerciasis (Richards, 1993) and trypanosomiasis (Roger and Williams, 1993). See Clarke et al. 1996, and Wilkinson et al. 1998 for more recent reviews. In all these applications, data quality and availability are critical factors. 

Data Problems in the Developed World

In the developed world many data sets that can form at least the skeleton of a GIS project are available. Proprietary data, public domain data sets such as the US Census Bureau’s TIGER files, Digital Chart of the World and satellite imagery have reduced the drudgery of converting, compiling and formatting the data required for GIS projects. Nevertheless, it may be too early to claim that the effort required for data collection and changes in format in a GIS project “is rapidly being eroded and replaced by a mere morning spent surfing the Internet” (Clarke, McLafferty and Tempalski, 1996). Data errors in geographic databases are a major problem (Griffith, 1992; Openshaw, 1992; Kennedy, 1992). Indeed, as Fotheringham (1992) argues, it appears that all spatial data and all types of spatial analysis contain some type of error. Maffini, Arno and Bitterlich (1992) declare that data integration is a major problem. Geographic data is not of equal quality it can contain errors and uncertainty that need to be recognized and dealt with. Openshaw (1992) identified the following sources of error: errors in the positioning of objects, errors in the attributes associated with objects, and errors in modeling spatial variation (e.g. by assuming spatial homogeneity between objects). Others include errors resulting from GIS operations on spatial data (transformation and interpolation), the effects of generalization operations (aggregation), errors due to differences of a temporal nature and representational errors. 
Thus, far from availability of data sets simplifying the problem of data for a GIS, integrating available data compiled for different purposes, and frequently, at different scales presents a new set of problems and increases the potential of error in the data (Chrisman, 1992). Since accuracy is scale-dependent, the question is whether the error is acceptable for a given application at the selected scale. We need to be continually aware of the imprecision inherent in all cartography and the errors that compound when map scales are changed or when maps are merged (Abler, 1987). Clearly availability of spatially referenced health data does not mean that data is suitable or even usable for GIS analysis. Let us explore this further using GIS and cancer research as an example. 

GIS and Cancer Research 

GIS analyses of cancer can illumine causation factors and give clues for primary prevention. To do this requires cancer mortality or incidence data that covers all cancer patients and only cancer patients, and is correct and detailed enough. Teppo (1998) provides an excellent discussion of the problems involved in using cancer data in a GIS. Few countrywide cancer registration systems exist. Moreover, data collection methods and the items recorded, particularly data on patient residence, vary between registries. Diagnosis itself is problematic and diagnostic standards can vary between locations (Teppo, 1998). Incidence data are better than mortality data for most research purposes since survival rates vary substantially between populations, but incidence data are available only for limited areas in the world (Teppo, 1998, Shanmugaratnam, 1989). 

While residence address is the ideal for GIS analysis, confidentiality constraints usually prevent data reporting at that level. Moreover, place of residence at the time of diagnosis is problematic in terms of causation unless the individual has lived there for decades (Sabel et al, 1998; L(yt(nen, 1998). Since latency periods vary substantially by cancer type and individual, a complete exposure history including all addresses of all houses at which the individual has lived for 10-50 years prior to diagnosis is required. This information is seldom available. L(yt(nen (1998) has also pointed out that because people do not stay home day and night, spatially and also temporally accurate case histories based on the entirety of the activity space in life is required to avoid erroneous conclusions and etiological hypothesis. Clearly, complete data sets of this nature are rare.

Confidentiality and Health Data in the United States

While locational data for GIS are easy to obtain in the United States, health data are not. Public policies and legal guidelines regarding confidentiality and privacy of health care information are neither clear nor complete but rather a patchwork of uncoordinated state and federal policies (The Council on Competitiveness 1996). Federal legislation has established restrictions on releasing federally held information on individuals yet, individual state approaches to privacy vary greatly, and frequently, preclude the release of information at anything other than the most general level (for example county level instead of address level). Using such data in a GIS produces what Jacquez (1998) called spatial uncertainty. Using area centroids instead of exact locations can produce misleading results (Jacquez 1998). 

GIS and cancer research in Texas is plagued with data problems. While mortality data is available for every cause of death from 1980 – 1996 at county level from EPIGRAM (Goldman, 1994), mortality data at finer levels of spatial resolution are almost impossible to obtain due to confidentiality. Until recently, incidence data from the State Cancer Registry was both incomplete and not current. Of the 11 Public Health Regions in the State, incidence data was available for only 3 (Region 1, 1976-1985; Region 10, 1976-1984; Region 5, 1985) and partially for Region 8 (1976-1980). Efforts underway to improve the situation now require hospital cancer registries to report every diagnosed case or face a hefty fine. Time and maybe a legislation change may improve the situation. Until then, the L(yt(nen (1998) ideal of “spatially and temporally accurate case histories” remains only a dream in Texas. These examples suggest that even where some data are available, suitability for GIS analysis is not always guaranteed.

Data Problems in Developing Countries

Lack of data is the biggest problem in the developing world. Complete data on disease conditions and health at fine scales of resolution are rare. For example, because lack of reliable data made it impossible to determine the level of malaria incidence and mortality in African countries, the MARA (Mapping Malaria Risk in Africa) project resorted to establishing a malaria risk atlas instead of an incidence atlas (le Sueur, 1996). Besides, due to the location of biomedical facilities in urban areas, available data tends to over-represent these areas to the neglect of rural areas. Paucity of biomedical facilities in rural areas usually means many health conditions there are not reported at all. Could this be one reason for the so-called hierarchical diffusion of HIV-AIDS in Africa? Increased screening and greater access to testing facilities in urban areas probably produces increased detection of HIV-AIDS cases while limited rural testing leads to lower rates (Oppong, 1998).

In situations of extreme economic hardship and government cutbacks on health expenditure (Turshen, 1999), systematic collection of health data may not be a priority. Regardless the cause, a general lack of systematic reporting and analysis of morbidity and mortality data characterizes many African countries (Turshen, 1999; Iyun, 1995; Oppong, 1997a). Frequently, data is obsolete (Iyun, 1985) or incomplete. Iyun (1985) reports that in Nigeria, even in Teaching Hospitals, the exact age of the patient is rarely reported. Age for adult patients is frequently recorded as “Adults”. In many hospitals, records for individual patients are not kept. Due to space limitations, patients are encouraged to keep their “cards” containing personal case histories at home. The Daily Morbidity Register, which every health facility keeps, provides no case histories. Moreover, many people do not use biomedical health facilities and the alternative sources of care do not provide systematic morbidity reporting.

Data Problems in GIS and HIV/AIDS Research

Perhaps no disease demonstrates the data problems of GIS research in developing countries as clearly as HIV-AIDS. Worldwide, two important sources of HIV-AIDS data are national data reported to the World Health Organization (WHO) and seroprevalence data.  With rare exception, surveys of HIV seroprevalence are not based on national samples (Health Studies Branch 1995). Consequently, due to sample size, nonrepresentative samples, and geographic and testing bias, every seroprevalence estimate is defective if generalized beyond its sample population. Furthermore, testing itself is problematic. The ELISA test, which was the predominant test to determine seropositivity during the early years of the epidemic, produces some false positives, and test results must be confirmed by a second test, usually the Western Blot (Health Studies Branch 1995). Where both HIV-1 and HIV-2 are present, reporting only one produces undercounting, while reporting both may produce double counting in those with joint infection. Since people can carry the virus for a long time without knowing it while inadvertently infecting others, reported cases are mere estimates of the total number of real cases and under reporting is inevitable (Oppong, 1998).

National data reported to WHO is also problematic. Differences between countries in adequacy of testing facilities and reporting practices, varying definitions of what constitutes a case of AIDS, and political distortions of data, make national data reported by WHO incomplete (Mann et al. 1992).  For example, some African governments may conceal the real dimensions of the AIDS problem out of a sense of shame and concern that the real figures would drive investors and tourists away.  An estimated 80 to 90% of HIV-AIDS cases in African countries is under reported (Gould 1993). Oppong (1997b) identified several contributory factors including inadequate reporting systems within countries, dearth of accurate diagnostic equipment in some places, and the fact that many rural residents do not use the primarily urban-based biomedical health care facilities where diagnostic equipment is based. Consequently, determining the exact magnitude of the HIV/AIDS pandemic in Sub-Saharan Africa is extremely difficult (Barnett and Blaikie 1992). Without accurate data, projections are unreliable and sophisticated GIS techniques are of little use. Resulting conclusions based on faulty data are bound to erroneous. 
Living with Data Error and Data Shortage in GIS and Health
From this brief review, two clear challenges emerge for GIS applications in health – living with data error in developed countries or living with data shortage in developing countries. Because it is impossible to perform error-free spatial analysis, the goal should be to reduce error to the point that it does not interfere with the conclusions drawn from spatial analysis. This leads to a more basic question. Can the confidentiality constraint be removed to permit collection and spatial analysis of accurate health data? Properly implemented, a universal standard for collecting and reporting health data can produce consistent, complete, and accurate data for GIS analysis. Is the loss in privacy worth the public health benefit of such a data collection system? While awaiting answers to these questions, efforts to measure inaccuracy in spatial data and minimize its effects are well under way in developed countries, but in developing countries routine compilation of basic disease data still waits for better economic times. 

CONCLUSION
GIS facilitates the performance of fundamental epidemiological research tasks far more quickly and with less effort but data quality, lack of spatial detail and spatial consistency between data sets impede their utility.  One solution is to remove the confidentiality constraint to permit accurate data collection. In parts of the developed world, particularly in the United States, this may not be a feasible option. To live with data problems in GIS, users must develop increased sensitivity to error, awareness of the kinds of error that can occur and techniques for recognizing and perhaps reducing their impact. GIS developers must also be more sensitive to accuracy issues and provide explicit methods for tracking and reporting error in spatial data. In most parts of the developing world, however, a much more basic task is urgent – routine gathering of health data is a basic need.   
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