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Abstract This study used data mining techniques to
investigate disease forms in various administrative areas
and to analyze the differences among various administra-
tive areas in order to further draw up a disease distribution
map. It is hoped that may help formulate future public
health strategies and to allocate medical resources more
appropriately. The major disease forms for residents under
the age of 60 were hypertension, hyperglycemia and
hyperlipidemia. In regard to the neighboring areas, three
neighboring areas, A1, A3, and B9, shared the same
disease problems with A4, A5, and B3, while two
mountain-area cities, B7 and C10, experienced higher
instances of liver function impairment. In terms of the
clustering phenomenon among municipally graded admin-
istrative areas, the major health problems in Grade A cities
were hypertension, hyperglycemia, and hyperlipidemia.
The health problems such as liver function impairment
and renal dysfunction were more frequently observed in
Grade B and Grade C cities.

Keywords Data mining . Cluster analysis . Disease
distribution map . Public health

Introduction

Taipei County is the administrative division with the largest
population and area in Taiwan, with more than 3.5 million
living there. Its jurisdiction includes a total of 29
administrative areas, such as the metropolitan-style cities
of Banciao City, Jhonghe City, and Yungho City, and the
less populated townships of Pinghsi and Pinglin. There are
also residents living in the mountains (Wulai Township)
and along the seashore (Tamsui, Jinshan, Gongliao, etc.).
Due to the great difference in population structure and
lifestyle, it could be predicted that there should be
significant differences of the disease forms in the various
administrative areas. If the information on disease forms
and the major health problems in each administrative area
were fully obtained, it would be possible to effectively
allocate resources to develop public health policies for
various areas from the perspective of public health, which
can enable the appropriate allocation of medical resources
to meet the needs of each administrative area.

This study used data mining techniques to analyze the
community-based integrated screening data from the Public
Health Bureau, Taipei County in 2007. It was hoped that
the use of this tool could efficiently analyze and investigate
disease forms in the various administrative areas of Taipei
County, as well as understand the major disease forms and
the clustering effects in various administrative areas, and to
further establish a health map for different age distributions
in each administrative area. The information obtained could
be used to assist local relevant health authorities and
community-based medical institutions in promoting indi-
vidualized health-related activities to community residents
more effectively, as well as provide appropriate medical
resources, promote beneficial health improvement projects
and monitor the results of health improvement projects and
the effectiveness of various health improvement activities.
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Literature review

Numerous studies have shown that differences in geographical
environments affect health, and that the occurrence of certain
diseases is relevant to specific ethnic groups. For example,
among the high-risk groups defined by the American Diabetes
Association [1], Latinos, African Americans, and the
residents living on Pacific islands are all ethnic groups who
are more likely to suffer from diabetes. The birthplace,
lifestyle, air to be breathed, environment, etc. all have an
effect on the public health policies to be established [2].

Christie et al. [3] visualized the risk model and relevant
incidence and mortality rates for cancer patients based on
geographic information system (GIS) technology to facili-
tate the provision of care. GIS technology was used to
analyze the data and investigate relevant cancer control
policies and methods. Cutchin [4] described that over the
past decade, social and environmental epidemiological
studies have made important contributions by indicating
the close relationship between geographical environment
and health. The study gave an introduction to health
geography and investigated how it revealed information
on social epidemiology and health, using streets as the unit
to divide areas. It found that exposure to large-scale
petrochemical plants in Texas would directly and indirectly
affect the environment and environmental exposure.
Courtney [5] indicated that GIS is a tool beneficial to
policy assessment, and the success of policies relies on the
analysis on geographical location. The study investigated
the distribution of nursing staff, using the GIS-based
presentation of data, space and classical statistical data to
establish the policies for recruiting and retaining nurses.
Gregorio et al. [6] indicated that a cancer map can provide
important clues, including the risk factor of geographic
variations and the utilization of disease conditions and
clinical services. Such geographic variations may put
emphasis on on-site environmental hazards. In terms of
the methods for disease testing, geographic variations can
reflect the known risk factors of different prevalence rates
and the changes in signals. In addition, the study suggested
that geographic variations would increase the incidence of
breast cancer based on the assessment of visualized
representatives, disease incidence, and the potential popu-
lation. Increases in the incidence rates in two or more
neighboring areas may be neglected; and thus more
attention should be paid to it.

The allocation of medical resources tends to be an
important and confusing issue for health authorities in
various countries. In order to reasonably meet the needs for
community health services and to develop methods for
assessing the need for community health services in the
field of public medical service, Kaneko et al. [7] used GIS
to develop strategies. The study investigated how to

allocate resources properly, promote interdepartmental
cooperation, increase transparency, and found the need for
community health services at the places where services
were planned and provided. Granados et al. [8] developed
an approach to perform quantitative analysis on the need for
medical health. Under different circumstances, independent
variables and estimates were chosen to test the alternative
repression model. With the inclusion of different medical
health services, the percentage of the need for medical
health services in each area relatively increased with the
increase in the population inside the area.

Lee et al. [9] used descriptive statistics to divide Taiwan
into remote areas and non-remote areas. The analysis
results indicated that subjects living in non-remote areas
possess higher incomes, receive more education, obtain
better medical health services and experience relatively
fewer chronic diseases. On the contrary, those living in
remote areas experience more chronic diseases. In addition,
age and lifestyle are also important factors, which result in
regional differences and income-related inequalities. There-
fore, regional differences will affect the differences in
socioeconomic status and psychological health status.
Soares et al. [10] proposed a new approach for classifica-
tion in the hope of providing information on the establish-
ment of policies for regional development. The major
indicators of the classification are the number of people, the
economy, health, education, employment and culture. It
divided Portugal into four areas with different levels of
development, which reflects the finding about asymmetry,
coastal area, and interior area. Shewchuk et al. [11] used
cognitive mapping to understand the presentation of health
and nursing journals. It was found that the scholars in the
field of medical care management will use a clearly defined
structure to provide more information, and this map can
promote the committee’s assessment and academic perfor-
mance. Lavrac et al. [12] proposed an innovative method
where data mining and visualization technology were used
to support decision-making concerning public health and
care in Slovenia. The purpose of using data mining and
statistical methods to analyze the databases of public health
institutions is to confirm the availability and accessibility of
public health services in atypical areas. The results can be
used to develop health authorities’ health care policies.

Method

Materials and criteria for determination

This study performed an analysis on the community-based
integrated screening database from the Public Health Bureau,
Taipei County in 2007. The database included the data from 29
administrative areas in Taipei County. After the missing values
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were excluded and the data on residents who did not experience
any disease were deleted, there were a total of 22,180 effective
samples. This study analyzed several common and important
chronic diseases in the database. The diseases and criteria for
determination are shown in Table 1. The criteria for the
determination of abnormality were developed based on the
values provided in clinical medical examination-related
references and the disease determination criteria defined by
various medical associations.

Among the 22,180 effective samples, there were a total
of 8,784 male subjects (39.60%) and 13,396 female
subjects (60.4%). In terms of age distribution, most subjects
were aged 50–59, 2,733 males and 5,432 females, followed
by 40–49, 2,712 males and 3,688 females. The statistics of
the screened subjects are shown in Table 2.

Research method

This study used the two-step clustering approach. In step 1,
Ward’s method in hierarchical clustering was used to obtain
the best cluster. Afterwards, the K-means method in non-
hierarchical clustering was used to perform clustering.

Step 1: The use of Ward’s Method to perform clustering

Ward’s Method views each individual as a cluster first.
Then each cluster was integrated with others in a specific
order. The order was subject to the size of the in-group total
variance after the clusters were integrated with each other. The
Euclidean distance formula was used to calculate the distance
between two clusters and to obtain the minimum value.

Dpq ¼ np � xp � x
� �2 þ nq � xq � x

� �2

x is the overall mean (the mean of the number of people with
each disease) xp and np are the mean of Gp (the number of
people with each disease) and the observed value (the
number of areas occupied by each group), respectively xq

and nq are the mean of Gq (the number of people with each
disease) and the observed value (the number of areas
occupied by each group), respectively

This study used a distance measure where a sample with
the number of m variables was viewed as one point in the m
dimensional space. In this m dimensional space, its distance
was defined and the point with a shorter distance was
categorized as the same type. Currently, statisticians have
designed numerous calculation methods for similarity
coefficients and correlation distance. This study used the
widely used Euclidean Distance to measure the degree of
affinity between samples.

dij ¼
Xm

k¼1

xjk � xjl
� �2

" #0:5

; i; j ¼ 1; 2; ::::::; nð Þ

dij: the distance between sample i and sample j (the
Euclidean Distance between each administrative area) m:
number of variables n: number of samples

Step 2: The use of K-means method to perform clustering

The mean of the cluster was used as the cluster center.
There was a need to designate the K data points as the cluster
centers in the beginning; however, new cluster centers would
be developed in other rounds. The procedures are as follows:

(A): Ward’s Method was used to decide the number of
clusters and to choose the centers of clusters.

(B): The distance between each data and every center was
calculated to compare which point was closer to it
and to view that point as in the cluster.

(C): The mean of data in each cluster was calculated to
obtain the new center.

(D): The center obtained was used to re-cluster each data.

The clustering can be terminated until the cluster of each
data was fixed and cannot be divided into other clusters.
Clustering Dendrogram is shown in Fig. 1.

This study used the cluster analysis of data mining to
analyze the disease forms and the clustering effect in the 29
administrative areas of Taipei County. In our statistical
analyses were performed using the Statistica 8 package. For
example, the disease forms in Taipei County were divided into
five clusters. In cluster 1, 50% of the residents experienced
hyperlipidemia levels and the proportion was the highest in

Table 1 Criteria for determination

Diseases Criteria for determination

Liver function
impairment

GOT(AST)≧42 or GPT(ALT)≧40

Hyperglycemia Fasting Glucose(AC Sugar) ≧105
Hyperlipidemia Cholesterol≧200 or TC-HDL≦35
Renal dysfunction BUN ≧20 or Creatinine≧1.3
Hypertension Systolic pressure ≧140 or diastolic

pressure≧90

GOT(AST) Glutamic Oxaloacetic Transaminase (Aspartate
aminotransferase)

GPT(ALT) Glutamic Pyruvic Transaminase (Alanine
aminotransferase)

TC-HDL Total Cholesterol—High Density Lipoprotein

BUN Blood Urea Nitrogen

Table 2 Statistical table of the number of screened subjects

Age Male (%) Female (%) Total (%)

40~49 2,712 (12.23%) 3,688 (16.63%) 6,400 (28.86%)

50~59 2,733 (12.32%) 5,432 (24.49%) 8,165 (36.81%)

60~69 1,930 (8.70%) 2,954 (13.32%) 4,884 (22.02%)

> 70 1,409 (6.35%) 1,322 (5.96%) 2,731 (12.31%)

Total 8,784 (39.60%) 13,396(60.40%) 22,180 (100%)
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these five clusters, suggesting that the most important disease
was hyperlipidemia. The distribution of the administrative
areas in these five clusters were then observed to draw develop
a disease distribution map based on the regional distribution.

Results

In this study, age distribution and gender were discussed
respectively. The subjects were divided into male/female at the
age of 40–49, 50–59, 60–69, and over the age of 70. As the
level of development in each city/township in Taipei County is
different, themunicipal grading system used for urban and rural
development projects in Taipei County was used to divide the
cities and townships into three grades: Grade A for highly
developed areas, including a total of eight cities, with A1 ~ A8
used to represent them; Grade B for moderately developed
areas, including a total of ten townships, with B1 ~ B10 used to
represent them; Grade C for the least developed areas,
including a total of 11 townships, with C1 ~ C11 used to
represent them. Details are shown in Appendix A.

The analysis on the diseases of male subjects at different
ages is shown in Table 3.

As shown in Table 3, the highest proportions of the
diseases experienced by male subjects aged 40–49 were
hyperglycemia (28.06%), followed by hyperlipidemia in
Cluster 4 (26.44%), and hypertension in Cluster 1
(25.93%). In terms of municipal grading, it was found that
approximately half of the Grade A cities were in the
hyperlipidemia cluster, suggesting that the primary health
problem of male subjects aged 40–49 had hyperlipidemia.
As for the male subjects aged 50–59, the highest propor-
tions of the diseases experienced by them were hyperlipid-
emia in Cluster 2 (30.55%), followed by hyperglycemia
(25.28%) in Cluster 1 and hypertension in Cluster 4
(23.56%). In this age group, higher incidences of hyperlip-

idemia, hypertension, and hyperglycemia were the major
factors affecting health. According to the examinations on
the male subjects aged 60–69, the highest proportion of the
diseases experienced by them were renal dysfunction in
Cluster 2 (38.91%), followed by hypertension in Cluster 1
(36.01%) and hyperlipidemia in Cluster 3 (25.08%). In this
age group, most of the patients experienced hypertension
and renal dysfunction; and it was found that the proportion
of the subjects with renal dysfunction was quite high. In
addition, most patients lived in Grade B (80%) and Grade C
(55%) cities. The clustering of renal dysfunction in non-major
urban cities was extremely significant. For the male subjects
over the age of 70, according to the examination results, the
highest proportion of the diseases experienced by them was
renal dysfunction in Cluster 2 (42.44%). In addition, more
than half of the subjects in each differently-graded cities were
in this Cluster (A: 50%, B: 60%, C: 63.6%). As opposed to
other age groups, the proportion of renal dysfunction in male
subjects over the age of 70 was very high.

The clustering effect in female subjects and the result of
sample clustering is shown in Table 4.

In Taipei County, the highest proportion of diseases
experienced by female subjects aged 40–49 was hyperlip-
idemia (40.89%), followed by hyperglycemia in Cluster 2
(35.93%), and hypertension in Cluster 1 (23.18%). For the
disease distribution of the residents in this age group, most
of them experienced hyperlipidemia and hyperglycemia,
and only the residents in Grade C areas (C1, C6, and C9)
experienced significant hypertension. The three clusters of
the subjects aged 50–59 were hypertension, hyperglycemia,
and hyperlipidemia. For subjects aged 60–69, the highest
proportion of the diseases experienced by them were
hyperlipidemia levels in Cluster 1 (40.68%) followed by
hyperglycemia in Cluster 2 (40.49%). Except for the B4
and C1 areas, almost all the subjects in each area suffered
from hyperlipidemia and hyperglycemia. Therefore, hyper-
tension, hyperglycemia, and hyperlipidemia were major
disease forms for aged 40–69 group. As for subjects over
the age of 70, the highest proportion of the diseases
experienced by them were renal dysfunction in Cluster 2
(35.40%), followed by hypertension in Cluster 3 (26.48%),
and hyperglycemia in Cluster 4 (23.75%). The results were
consistent with that of the male subjects. As opposed to the
subjects in other age groups, the proportion of renal
dysfunction in this age group was very high.

The analysis results of the overall male and female
subjects in Taipei County are shown in Table 5.

The results of disease clustering of the overall subjects in
Taipei County are shown in the Table above. A regional
distribution map of disease forms of the 29 administrative
areas in Taipei County was developed based on the
municipal grading and disease-clustering phenomenon, as
shown in Fig. 2.

Tree Diagram for 29 Cases
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As shown in the Figure 2 and Table 5, there were five
clusters of disease forms. The highest proportion of health
abnormalities experienced by the overall residents screened
in Taipei County was hyperlipidemia (31.9%). The disease
was distributed in Grade A, B, and C cities and townships,
suggesting that hyperlipidemia was the most common
overall health problem for the subjects in Taipei County,
followed by hypertension and hyperglycemia, which were
common in these cities and townships as well. The
cumulative proportion of these three diseases was 88.9%,
revealing that hypertension, hyperglycemia, and hyperlipid-
emia were the most important factor affecting public health.
It was interesting to note that the distribution of these three
diseases in Grade A cities and Grade B cities were more
even. In Grade C cities, the proportion of hyperlipidemia

was higher (in 4 clusters, 36.4%), while that of hyperglyce-
mia was the lowest (in 1 cluster, 9%). As for renal
dysfunction and liver function impairment, their distribution
was mainly in Grade B cities and Grade C cities. This was
important information for health education promotion.

Discussion

The occurrence of diseases is highly correlated with the
race, age and lifestyle of the people. Ford [13] found in a
survey that the adult population of the US has a common
metabolic syndrome, while race, age, obesity, and lifestyle,
including smoking and physical activity, affect the preva-
lence of metabolic syndrome. Analyses of the geographic

Table 3 The results of clustering of diseases in male subjects

Age Clusters Abnormalities Areas Samples %

40~
49

1 Hypertension A2, B2, C1, C7, C9, C10 685 25.26%

2 Hyperglycemia A3, A4, B1, B3, B4, B6, B8, B10, C2, C3, C4, C5, C11 761 28.06%

3 Liver function
impairment

A6, B7, C6 549 20.24%

4 Hyperlipidemia A1, A5, A7, A8, B5, B9, C8 717 26.44%

50~
59

1 Hyperglycemia A2, A3, A6, B3, B4, B7, C2, C10 699 25.28%

2 Hyperlipidemia A5, A8, B1, B2, B5, B8, B9, B10, C4, C5, C6, C8, C10, C11 835 30.55%

3 Renal dysfunction A1, B6, C7 555 20.31%

4 Hypertension A4, A7, C1, C3 644 23.56%

60~
69

1 Hypertension A1, A4, A6, A7, A8, B7, B10, C2, C3, C5, C10 695 36.01%

2 Renal dysfunction A5, B1, B2, B3, B4, B5, B6, B8, B9, C1, C4, C6, C7, C9, C11 751 38.91%

3 Hyperlipidemia A2, A3, C8 484 25.08%

>70 1 Hyperglycemia B3, B7, C3 303 21.05%

2 Renal dysfunction A3, A4, A5, A6, B1, B2, B4, B6, B9, B10, C1, C2, C5, C7, C6, C8,
C11

598 42.44%

3 Hypertension A1, A2, A7, A8, B5, B8, C4, C9 508 36.05%

Table 4 The results of clustering of diseases of female subjects

Age Clusters Abnormalities Areas Samples %

40~49 1 Hypertension C1, C6, C9 855 23.18%

2 Hyperglycemia A4, A5, B3, B5, B8, C2, C3, C8, C10, C11 1,325 35.93%

3 Hyperlipidemia A1, A2, A3, A6, A7, B1, B2, B4, B6, B7, B9, B10, C4, C5, C7 1,508 40.89%

50~59 1 Hypertension A4, A5, B1, B7, C2, C7, C9 1,572 28.94%

2 Hyperglycemia A1, A8, B3, B4, B6, B8, C1, C3, C4, C5, C6, C10, C11 1,936 35.64%

3 Hyperlipidemia A2, A3, A6, A7, B2, B5, B9, B10, C8 1,924 35.42%

60~69 1 Hyperlipidemia A2, A3, A4, A7, B2, B6, B7, B8, B9, C3, C6, C7, C9 1,207 40.86%

2 Hyperglycemia A1, A5, A6, A8, B1, B3, B5, B10, C2, C4, C5, C8, C10, C11 1,196 40.49%

3 Hypertension B4, C1 551 18.65%

>70 1 Hyperlipidemia B7, C3 190 14.37%

2 Renal dysfunction A1, A3, A4, A5, A6, B1, B3, B4, B5, B9, C1, C4, C7, C8, C11 468 35.40%

3 Hypertension A2, A8, B2, B8, C2 350 26.48%

4 Hyperglycemia A7, B6, B10, C5, C9 314 23.75%
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regions and health information can improve the disease
prevention and health plans, and effectively control the
increasing medical costs [14, 15].

It can be inferred from the analysis of gender and age
that different disease forms and health problems are
experienced by residents of different ages. The major
factors affecting the health of male residents aged 40–59
were hypertension, hyperglycemia, and hyperlipidemia. For
subjects over the age of 60, renal dysfunction was a
common health problem. The major disease affecting
female residents’ health was hyperlipidemia, while renal
dysfunction was also an important factor affecting the
health of female residents over the age of 70. In general,
hypertension, hyperlipidemia and hyperglycemia were
major disease forms experienced by the general public

under the age of 60, with hyperlipidemia of particular
importance. Therefore, in regard to health promotion, correct
dietary and lifestyle habits of the general public should be
enhanced to reduce the intake of high cholesterol food such as
egg yolk, animal organs and seafood. In addition, developing
a weekly exercise habit is the best way to increase health.
Renal dysfunction starts to occur at the age of 60 and becomes
quite significant in the general public over the age of 70,
which reveals the unique disease distribution phenomenon in
Taiwan. The proportion of the population receiving dialysis in
Taiwan is the highest in the world. The traditional medication
habits of the general public, especially the elderly, have a great
influence on renal function. The elderly tend to view drugs as
tonics, therefore, it is necessary to promote accurate concepts
in the future to reduce such phenomenon.

Fig. 2 Disease distribution map
of the overall subjects in various
administrative areas of Taipei
county

Clusters Abnormalities Areas Samples %

1 Hyperlipidemia A1, A3, B2, B4, B9, C4, C6, C8, C11 7,067 31.9%

2 Hyperglycemia A6, A7, A8, B6, B8, C3 6,412 28.9%

3 Hypertension A2, A4, A5, B1, B3, C1, C2, C9 6,240 28.1%

4 Renal dysfunction B5, B10, C5, C7 1,623 7.3%

5 Liver function impairment B7, C10 838 3.8%

Table 5 Diagram of the disease
distribution of the overall sub-
jects in Taipei County
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In addition, in terms of the clustering phenomenon
among various municipally graded administrative areas, it
is obvious that the major problem for Grade A cities was
hypertension, hyperglycemia, and hyperlipidemia, which
were also common problems in highly developed cities.
Diseases such as liver function impairment and renal
dysfunction occurred more frequently in Grade B and
Grade C cities. In terms of geographical location, there was
no significant difference in the disease distribution in the
areas along the seashore. Moreover, the neighboring areas,
A1, A3, and B9 shared common disease problems, as do
the neighboring areas, A4, A5, and B5. However, as for
liver function impairment in B7 and C10, both of them
were mountain-area townships, and the major population in
C10 aboriginal; whose dietary habits are different from that
of the general Han population. The aspect of ethic
differences may be further discussed in the future.
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