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Abstract

This paper reporis an ongoing effort in the collaborative use of statistical modeling techniques and
GIS in an epidemiclegical related research, The problems of increasing asthmatic prevalence and
morbidity and their relationship to environmental pollutants in the state of Perlis are being
investigated. The main hypothesis is that asthmatic prevalence and morbidity increases where and
when levels of specific air pollutants increase.

The widely common conjecture that exposure to air pollutants has adverse effects upon
respiratory diseases, particularty asthma, is translated into a belief that air pollutants correlate with
asthmatic prevalence and morbidity, which in turn calls for the construction of models of
statistical relationships between levels of air pollutants and asthmatic prevalence. Outputs of this
model provide an interesting dimension to the use of GIS technology in the research into
asthmatic morbidity and prevalence.

Keywords: Air pollutants, Asthma Morbidity, Geographical Information System, Statistical Models

1. Introduction

The geographic distribution of residents suffering from asthma in Malaysia varied across the
country. An asthma surveillance program conducted by the Disease Control Division of the
Ministry of Health identified incidence of acute exacerbation of asthmatic cases in 5 locations in
the country [1]. A study conducted by the Ministry of Health, Malaysia found that the state of
Perlis has the highest percentage of asthmatic cases [5].

Works involving the use of GIS in health research, linking air pollution models to GIS for the
purpose of defining areas of exposure have been reported. Gatrell et al. [2] studied the use of
modern point pattern methods to explore and model disease risks. Methods for detecting disease
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clustering were also described. The result suggested that disease clusters could not be investigated
unless their sizes and boundaries coincide at least roughly with the spatial units for which the data
have been encoded. There were tendency for cases to cluster or aggregate more than the
population at risk.

Martin [3]} reported the use of statistical methods for spatial epidemic modeling, which
include use of spatial regression, tests for spatial randomness and techniques of map smoothing.
These analyses portrayed patterns of disease rates on a choropleth map and showed rates with
different statistical reliability in different areas. Rogerson [4] developed a spatial version of the
chi-square goodness-of-fit statistics which were used to test for spatial clustering. The approach
was able to filter disease cases and the people at risk for areas that can be controlled in both size
and shape. The technigue enable the computation of the likelihood that clusters exist at particular
locations.

2. Objective

The current study is a preliminary stage of an ongoing research into investigating the incidence of
asthma among the population using a combination of GIS and statistical techniques. The
association between asthmatic disease and the environment will be investigated using a GIS
analysis to examine disease patterns and disease rates at various levels of spatial resolution. It is
complemented by a collaborative use of statistical analyses to identify causal factors of asthmatic
problems.

The current preliminary stage reported in this paper is a research to test the hypothesis that
non-environmental factors such as physical stress, emotional stress and physical surroundings are
not significant predictors to the incidences of asthma among the population. It is an atiempt to
isolate these factors from those which are conjectured to contribute to asthmatic incidence, ie.,
environmental pollutants.

3. Methodology
3.1 Swdy Area

The study area. the state of Perlis, covers an area of 810 square kilometres. A large portion of the
state is low lying and well under 61 meters. The state capital is Kangar. Aran, the Royal Town is 10
km away. There are 22 districts (or mukim) in Perlis. The economic activity of the state is
predominantly agriculture which made up about 65.3% of the land use, with a small industrial
sector.

The climate of Perlis is tropical monsoon. Temperature is relatively uniform within the range
of 210C o 320C throughout the year. Humidity is consistently high on the low lands ranging
between 82% to 86% per annum. The mean rainfall is between 2,032 mm to 2,540 mm with the
weltest months from May to December. During the months of January to April the weather is
generally dry and hot.

There are several reasons for choosing the area. Firstly, the state of Perlis has been identified
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as having the highest percentage of respiratory and asthmatic cases in Malaysia. Secondly, the
required map and information on asthmatic patients are available and accessible. Thirdly, it is an
area of environmental interest;. the area, although small, is concentrated in its indusirial activities.
There is a large cement factory, a fairly vast sugar cane plantation complete with a refinery, as well
as a vast padi plantation. The fairly well known post-harvest open burning activities of both the
sugar cane and the padi plantations has invited numerous conjectures on their roles in the
aggravation of asthmatic problems among the population, However, to date there has been no
thorough study to support the conjectures.

3.2 Data

The implementation of the study involves the process of data acquisition among a sample which
consists of (a) persons registered as asthmatic patients in clinics plus (b} a sample of non-patients
selected randomly from among the reighbors of the sampled patients. The data acquisition process
involves the planning and execution of a sample survey to capture data pertaining to factors and
dimensions of asthmatic problems, profiles of respondents (category of asthmatic problems,
demographic profile} as well as geographical and environmental profiles of location of residence
of patients.

Data on asthmatic patients who seek treatment at the local hospital from January 2003
through March 2004 were collected. Patients’ addresses were geo-coded and added to a GIS layer
of census tract. Incidence rates were calculated for each census tract. Maps were created using
Mapinfo and ArcView. They will later be used for identifying areas at risk of asthmatic disease.
Smoothed rate maps will be produced to identify spatial patterns of asthmatic problems. The results
will then be used to produce GIS maps which will be useful in asthmatic disease prevention
programs in specific areas and help community groups understand the impact of air pollutants on
respiratory diseases.

3.3 Variables of Interest

Variables of interest up to the current stage of study include, among others, category of asthmatic
problems, demographic, geographical and environmental profiles (Refer Table 1),

3.4 The Asthmatic Database of the Perlis Health Department

An important data source for this research is the filled questionnaires which form part of the
records of more than 1000 patients between ages of 1 to 80 years kept in the Perlis Health
Department. Apart from allowing access to the data source, the Perlis Health Department has also
assisted in

(i) The collection/compilation of data about frequency and seriousness of asthma and allergies
in the population from vartous age categories under different living conditions.

(ii} The cellection of basic epidemiological data, in order to make predictions about variations in
frequency and seriousness of these illnesses in future years,

(iii) The development of a framework for future research, examining links with genetics, lifestyle,
environmental factors and medical care.
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Table 1: List of Variables Measured in Preliminary Survey

Group 1 Group 2

1. Demographic profile of 1. Distance from suspected pollutant
Respondents source

2.. Asthma incidence density 2. Pollutants (e.g., carbon monoxide,

sulphur dioxide) measures

3. Standard of living profile of 3. Environmental measures (e.g..
Respondents rainfall, humidity, temperature,
pressure)
4. Health profiles (Related to 4. Geographical and environmental
Asthmatic Problems) profiles ot location of patients and
controls

5. Factors related to asthmatic
problems

6. Stress factors

4. Analysis
4.1 GIS Analysis

Visualization in GIS is important for better understanding, while statistical tests provide new
understanding of associations between epidemiological and environmental phenomena. Figure 1
shows the perspective view of the terrain of the study area. The currently available health data is
not yet complete, and do not cover the whole of the state of Perlis.
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Figure 1: Perspective View of Terrain in the Figure 2: Distribution of Asthma Incidence
Study Area in Study Area
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In the next stage of this ongoing study a GIS database will be built by collecting and
converting topographic maps, land use maps and other related map data into a GIS system. A GIS
spatial analysis will be used to examine disease patterns and disease rates at different levels of
spatial resolution. The detection of clusters will also be carried out in order to investigate the
likelihood of their existence at particular locations. A logistic regression analysis will be used to
estimate the probability of occurrence of asthma among residents at a particular location.

A frequency map of the distribution of asthmatic incidence within the study area has been
constructed using data obtained in this preliminary stage. Figure 2 shows a spatial distribution of
the asthmatic incidence in the area under study while Figure 3 shows the location of factories of
the area. On closer scrutiny it becomes evident that asthmatic incidence tends to cluster in the
Western and in the middle of the region. The North-East is the location of the cement factory and
the sugar refinery, conjectured to be the sources of chemical emission and burning activities. Other
activities such as quarrying, rice milling and other smaller industries are distributed over the
region. The extreme western part of the high asthmatic incidence area is centred at the relatively
high populated area of the capital town of Kangar.

W Botores
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Figure 3: Location of Factories in Study Area

4.2 Spatial Analysis

The preliminary analysis of the data takes place at address-based levels since the asthma patients
can be located at exact geographical locations. The first step is to find any spatial disease patterns.
The results of this analysis show that the number of cases with diagnosis of asthma, asthma
symptoms during the last 12 months is more than expected. In these cases a further analysis is
definitely worthwhile.
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The point data at address level have the following properties: Since their complete address is
known, a pair of xy-coordinates is attached to every patient. There more than 100 attribute values
known at each point, information about disease symptoms, the environment, lifestyle and related
attributes, including stress factors. The information about disease symptoms is mainly bivariate:
the individuals have the symptom or they do not have [2].

Because of confidentiality, raw point data cannot be visualized as they stand but has to be
aggregated to small areas. The research region will be divided into small administrative areas
called “‘mukim.”

The epidemiologist of the Health Department has constructed two broad hypotheses as a
starting point for the spatial analysis on this level. First, that there is an obvious relationship
between the air pollution (conjectured te originate from the cement factory, sugar refinery/
plantation and the padi plantation), and different allergy/asthmatic symptoms. Second, that there
could be a relationship between social status and different allergy/asthmatic symptoms.

The study aims to investigate if there is any clustering in the 21 symptoms. A variety of
methods exist to detect clusters and clustering in a point map [2]. Wartenberg and Greenberg [6]
describe a strategy to select an appropriate method of cluster detection. First, the selection of the
data type: the location of an event, the distance between all pairs of events, the nearest-neighbor
distance between events, or the distance to a fixed point.

After finding an eveniual spatial pattern in the data, this pattern will be compared with the
spatial pattern of possible causal factors. Correlation, covariance and regression methods are often
used to detect relations between variables. Since disease data often have a binomial character,
logistic regression will be used.
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Table 2: Results of the Tests of Differences Between the Patients and the Control Group
With Respect to the Prevalence of 21 Symptoms of Asthma.

Symptoms Chi- p-Value Symptoms Chi- p-Value
Square Square
1 Wheezing 361.2 0.000 12 Severe cough 96.9 (.000
when awaken
2 Short of breath 3838 0.000 13 Persistent cough 67.7 0.000
3 Whistling breath 265.9 0.000 i4 Continuous cough for 147 0.000
more than 3 months
4 Tight chest 290.2 0.000 15 Phlegm on most 571 0.000
mormings
5 Shhozl'l of breath during 2904 0.000 16 Phlegm day and night  41.3 0.000
the day
6 Short of breath after 277.9 0.000 17 Continuous phlegm 100.9 0.0
heavy work for more than 3 months
7 Awaken due to short 300.1 0.000 18 Heavy sneezing with 445 0.000
of breath watery nasal
8 Asthmatic attack 599.0 0.000 19 Sneezing with itchy 50.9 0.000
watery eyes
9 Nose allergy 32 0.000 20 Persistent skin rashes  14.2 0.000
10 Eczema 155 0.000 21 Itcg u]}(der anngll(t, 12.3 0.002
under knee, netk, eyes
11 Awaken due to severe  123.1 0.000
cough

* (Note: Al]l p-values are less than 0.05)
4.3 Statistical Analysis

The results of the analysis on whether non-environmental factors (non-environmental factors
investigated in this study include emotional and physical stress, physical surrounding, and
socie-economic and habitual factors) contribute to asthmatic problems among the pepulation yield
the following results:

a. there were significant differences between the patieats and the control group in the prevalence
of 21 symptoms related to asthma. Hence it is concluded that respondents representing the
control group has no significant asthmatic preblems (Refer to Table 2).

b.  Analysis on whether stress factors contribute to the asthmatic problems among the population
showed no significant difference in the effect of each of the 39 emotional and physical stress
factors on the patients and those in the control group. One-Way ANOVA analysis between
each of the 39 stress factors and respondents’ category (whether they are patients or control)
yielded p-valves greater than 0.05 in all cases (Refer Figure 4). This means that in all these
cases the null hypothesis of no difference in the effect of stress between the patients and the
control group are accepted. Hence it is concluded that these factors has no cansal effect on the
asthmatic problems.
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Figure 4: Plot of p-Value for each of the 39 Stress Factors
(Note: All p-values exceed 0.05)

In the next stage of the research, measurements of particulate matter (air poliutant index) will be
obtained. These will then be used to obtain census tracts which in turn will be used to examine the
spatial distribution of asthmatic illness and its relationship to areas of elevated particulate matter.

5. Conclusion

The use of spatial and statistical analysis in health research projects is useful, but there are still
important issues to be resolved. Spatial statistical analysis, although complex, is able to produce
statemerits about spatial patterns in epidemiological data. The current study is part of an ongoing
project. Digitized basic map coverage, georefenced patients’ data, visualized queries on different
aggregation levels and a fundamental statistical analysis have also been made, |

Statistical analysis on the contribution of stress factors to asthmatic problem showed no
significant difference in their effect between the patients and the control group. It is thus
concluded that these factors has no causal effect on the asthmatic problems. The investigation into
the effects of environmental factors on asthmatic problems in the area will be carried out in the
next stage of the study. It will involve, among others, investigations into the conjectured sources of
pollution (the cement factory, the sugar refinery, the sugar cane and padi plantations), the contents
of pollutants in the ambient air and their role in asthma morbidity in Perlis and will conclude with
the development of a respiratory health profile of the state of Perlis.
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