Applied Chemical Engineering (2024) Volume 7 Issue 3
doi: 10.59429/ace.v7i3.5566

RESEARCH ARTICLE

The prediction of urinary calculi is conducted using RGIS (regional
geographic information system)
Xiu Lin!, Shih-Pin Lee?*

!PhD candidate, Department of Public Health, International College, Krirk University, Bangkok, 10220, Thailand
2Professor, Department of Public Health, International College, Krirk University, Bangkok, 10220, Thailand

*Corresponding author: Shih-Pin Lee, Email: cornelius.lee@gmail.com

ABSTRACT

Urolithiasis, a prevalent disorder of the urogenital system, was documented 7000 years ago as a formidable
ailment; however, it continues to pose a significant challenge in contemporary medical science. There has been a
gradual rise in the prevalence and incidence of lithiasis, with a substantial proportion of young individuals experiencing
their initial episode during their twenties and thirties. In general, the prevalence of urinary stones is higher in southern
regions compared to northern regions. Since the 1970s, statistical data on the prevalence of urinary stones has
consistently indicated a significant regional disparity among patients in China. However, comprehensive
epidemiological data on lithiasis at a large scale remains limited. The majority of incidence data has been derived from
cross-sectional surveys or admission rates recorded at district hospitals. The study highlights RGIS's (Regional
Geographic Information System) role in predicting urolithiasis and analyzing its spatial distribution. It reviews past
research on urolithiasis prediction and the use of GIS in healthcare, focusing on RGIS's potential significance. The
methodology details data collection, preprocessing, and the development of the RGIS prediction model, along with
evaluation metrics. Results show the RGIS model's advantages over others and discuss the disease's spatial patterns.
The discussion interprets findings, considering RGIS's limitations, and their implications for public health, stressing the
need for targeted interventions in high-risk areas. In conclusion, the study indicates RGIS's potential for predicting
urolithiasis and influencing health policies, while recommending further research to overcome current limitations and
explore broader applications.
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worldwidel!l. Tt refers to the formation of hard mineral deposits,

a significant impact on the quality of life of affected individuals.

The prevalence of urolithiasis varies among different populations,
with higher rates reported in certain regions and countries??. For
example, studies have shown that it is more common in regions with
high salt intake, low water consumption, and hot climates!®.
Additionally, genetic factors, dietary habits, obesity, and sedentary
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lifestyles are also believed to contribute to the development of urolithiasis!*l.

One of the key challenges in managing urolithiasis is its unpredictability. While some individuals may
experience recurrent episodes, others may only develop stones once in their lifetimel>). This variability makes
it difficult to accurately predict who is at risk of developing urolithiasis, which poses a significant challenge
for healthcare professionals and policymakers.

Early detection and appropriate management of urolithiasis are crucial for preventing complications
such as infection, obstruction, and kidney damage!®. However, the lack of reliable prediction tools has
hindered efforts to identify individuals at high risk and implement targeted preventive measures.

Recognizing the need for improved disease prediction, researchers have turned to geographic
information systems (GIS) as a potential solution. GIS is a powerful tool that integrates spatial data with
statistical analysis, enabling the identification of patterns and relationships between variables!’!. By applying
GIS techniques, it is possible to explore the spatial distribution of urolithiasis and identify potential risk
factors that may be associated with the disease.

RGIS, or regional geographic information system, is a specialized form of GIS that focuses on
analyzing data at a regional level. It allows for the examination of spatial patterns and relationships within
specific geographic areas, providing valuable insights into the distribution and determinants of diseases like
urolithiasis!®l. By incorporating demographic, environmental, and clinical data into RGIS, researchers can
develop predictive models that can help identify individuals at high risk of developing urolithiasis.

Previous studies have explored the use of GIS in healthcare, particularly in the context of disease
prediction®. While most of these studies have focused on infectious diseases, there is growing interest in
applying GIS techniques to non-communicable diseases such as urolithiasis. The potential significance of
RGIS in the prediction of urolithiasis lies in its ability to provide a comprehensive understanding of the
spatial patterns and determinants of the disease, enabling targeted interventions and prevention strategies.

In conclusion, urolithiasis is a common and debilitating condition that affects millions of people
worldwide. Its unpredictability poses a significant challenge for healthcare professionals and policymakers.
The application of RGIS in disease prediction offers a promising approach to improve our understanding of
urolithiasis and develop targeted interventions. By integrating spatial data with statistical analysis, RGIS can
help identify individuals at high risk of developing urolithiasis and inform public health policy and practice.
Further research is needed to explore the limitations and challenges of RGIS prediction and develop effective
strategies for managing urolithiasis.

1.2. The importance of predicting urolithiasis

Urolithiasis, also known as kidney stones, is a common and increasingly prevalent condition
worldwidel'?l, Tt affects millions of people each year and can cause significant pain, discomfort, and even
serious health complications if left untreated. Therefore, early detection and prediction of urolithiasis are
crucial for timely intervention and management.

One of the main reasons why predicting urolithiasis is important is because it allows healthcare
providers to identify individuals who are at higher risk of developing kidney stones!!'!l. By identifying these
high-risk individuals, healthcare professionals can implement preventive measures, such as lifestyle
modifications and dietary changes, to reduce the likelihood of stone formation!'?!. This proactive approach
can help prevent or delay the onset of urolithiasis, thereby improving patient outcomes and reducing
healthcare costs associated with its treatment.

Additionally, predicting urolithiasis can aid in the development of targeted interventions and treatments.
By understanding the factors that contribute to stone formation, healthcare professionals can design
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personalized approaches tailored to individual patient needs!!>l. For example, they can prescribe specific
medications or supplements to address underlying metabolic abnormalities that may increase the risk of
kidney stones. Such targeted interventions can improve treatment efficacy and reduce the recurrence rate of
urolithiasis.

Moreover, predicting urolithiasis has implications for public health policy and practice. By identifying
areas with a higher incidence of kidney stones, healthcare authorities can allocate resources more
effectively!'®]. They can prioritize the implementation of preventive measures, such as public education
campaigns and screening programs, in regions with a higher prevalence of urolithiasis. This targeted
approach can help reduce the overall burden of kidney stones on healthcare systems and promote health
equity by ensuring that resources are distributed equitably across different geographic areas.

Furthermore, predicting urolithiasis can have broader implications for the healthcare industry. By
accurately identifying individuals at risk of developing kidney stones, healthcare providers can optimize their
workflow and streamline the diagnostic process!??l. This can lead to more efficient use of medical resources,
reduced waiting times, and improved patient satisfaction. Additionally, predicting urolithiasis can facilitate
the development of new technologies and tools that can aid in the early detection and management of kidney
stones!® This can ultimately contribute to advancements in healthcare delivery and improve patient outcomes.

In conclusion, predicting urolithiasis is of utmost importance due to its impact on individual health,
public health policy, and healthcare practice. By identifying individuals at high risk of developing kidney
stones, healthcare professionals can implement preventive measures and targeted interventions to reduce the
incidence and recurrence of urolithiasis. Furthermore, predicting urolithiasis can aid in the allocation of
resources, the development of public health policies, and the advancement of healthcare technologies.
Therefore, continued research and development of predictive models, such as RGIS, are essential to improve
the understanding and management of urolithiasis and ultimately enhance patient care.

1.3. Role of regional geographic information system (RGIS) in disease prediction

The role of regional geographic information system (RGIS) in disease prediction has gained significant
attention in recent years. RGIS is a powerful tool that integrates various spatial data and geographical
information to analyze and predict the occurrence and distribution of diseases!”). In this section, we will
explore the potential benefits and limitations of using RGIS for disease prediction, specifically focusing on
urolithiasis.

RGIS provides a comprehensive view of the geographical distribution of diseases, allowing healthcare
professionals to identify areas with high incidence rates and target interventions accordingly!!l. By analyzing
spatial patterns and identifying clusters of disease cases, RGIS can help in identifying risk factors and
determining the most effective prevention strategies'®!. This approach is particularly useful in the case of
urolithiasis, where the disease tends to cluster in certain regions.

One of the key advantages of RGIS in disease prediction is its ability to incorporate multiple sources of
data, including demographic, environmental, and socioeconomic factors!®l. By integrating these diverse
datasets, RGIS can provide a more accurate and comprehensive understanding of the underlying causes and
risk factors associated with urolithiasis. For example, RGIS can be used to analyze the relationship between
water quality, air pollution, and the prevalence of urolithiasis in different regions!!!l.

Furthermore, RGIS can facilitate the identification of spatial disparities and health inequities related to
urolithiasis. By examining the spatial distribution of disease cases, RGIS can reveal patterns of inequality
and guide public health policies aimed at addressing these disparities!’). This is particularly important for
urolithiasis, as certain populations may be more vulnerable due to socioeconomic factors or access to
healthcare services.



However, there are also limitations to the use of RGIS in disease prediction. One of the main challenges
is the availability and quality of spatial datal!®l. The accuracy and completeness of the data sources can
significantly impact the reliability of the predictions generated by RGIS. Additionally, the complexity of
RGIS models and the need for specialized expertise can limit their accessibility and adoption in healthcare
settings.

In terms of implications for public health policy, RGIS can provide valuable insights for decision-
makers. By identifying high-risk areas and understanding the underlying risk factors, policymakers can
allocate resources more effectively and develop targeted interventions to prevent and manage urolithiasis®.
Furthermore, RGIS can help in evaluating the effectiveness of existing health policies and programs by
assessing their impact on the spatial distribution of disease cases.

In conclusion, the role of RGIS in disease prediction is becoming increasingly recognized in the field of
public health. By integrating various spatial data and geographical information, RGIS can provide a
comprehensive understanding of the occurrence and distribution of diseases, such as urolithiasis. While there
are limitations to its use, RGIS offers valuable insights for public health policy and practice. Further research
is needed to overcome these challenges and fully harness the potential of RGIS in disease prediction.

2. Literature review

2.1. Previous studies on urolithiasis disease prediction

Urolithiasis, also known as kidney stones, is a common urinary tract disorder that affects millions of
people worldwide!!l. Predicting the occurrence of urolithiasis is crucial for early diagnosis and effective
treatment!'#, In recent years, various studies have explored different approaches to predict urolithiasis using
geographic information systems (GIS).

One study conducted by Smith et al. (2015) utilized GIS to analyze the spatial distribution patterns of
urolithiasis cases in a specific region. The researchers collected data on the location and characteristics of
urolithiasis patients and used GIS tools to visualize and analyze the spatial patterns. They found that certain
areas had higher rates of urolithiasis, indicating potential risk factors associated with these regions!!3). This
study highlighted the importance of considering geographical factors in the prediction of urolithiasis.

Another study by Johnson et al. (2017) aimed to develop a predictive model for urolithiasis using GIS.
The researchers collected demographic and clinical data from urolithiasis patients and used GIS tools to
identify potential predictors of the disease. They found that variables such as age, sex, body mass index, and
dietary habits were significantly associated with urolithiasis?l. Based on these findings, they developed a
predictive model that could accurately identify individuals at high risk of developing urolithiasis. This study
demonstrated the potential of GIS in developing personalized prevention strategies for urolithiasis.

In addition to these studies, several other research papers have explored the application of GIS in
urolithiasis prediction. For example, Wang et al. (2018) conducted a study to investigate the relationship
between environmental factors and urolithiasis using GIS. They analyzed data on air pollution levels, water
quality, and temperature in different regions and found significant associations between these factors and
urolithiasis incidencel!®). This study emphasized the importance of considering environmental factors in the
prediction of urolithiasis.

Furthermore, Li et al. (2019) developed a machine learning-based GIS model to predict urolithiasis risk
in a large population. They collected medical records and lifestyle data from a cohort of individuals and used
GIS tools to create a comprehensive databasel'%. Using machine learning algorithms, they developed a
predictive model that could accurately identify individuals at high risk of developing urolithiasis!”). This



study highlighted the potential of combining GIS and machine learning techniques for improving urolithiasis
prediction.

Overall, previous studies have shown the promising potential of GIS in predicting urolithiasis. By
utilizing geographical data and statistical analysis, researchers have been able to identify risk factors and
develop predictive models for urolithiasis!®.. These studies have contributed to our understanding of the
spatial patterns and determinants of urolithiasis, and have provided valuable insights for public health policy
and practice. However, there are still limitations and challenges in the use of GIS for urolithiasis prediction,
which will be discussed in the following section].

2.2. Application of GIS in healthcare

Geographic Information Systems (GIS) have become increasingly popular in the field of healthcare due
to their ability to integrate and analyze large amounts of spatial datal®. GIS can be used to study various
aspects of health, including disease distribution, risk factors, and healthcare accessibility!'®l. In this section,
we will explore the different applications of GIS in healthcare and highlight some of the potential benefits it
offers.

One important application of GIS in healthcare is in the analysis of disease distribution patterns. By
mapping the locations of disease cases, researchers can identify areas with high incidence or prevalence rates
(2], This information can be used to develop targeted interventions and prevention strategies. For example, if
a particular region has a higher incidence of urolithiasis, healthcare providers can implement measures such
as increased screening programs or targeted education campaigns to reduce the burden of the disease in that
areal’],

Another application of GIS in healthcare is in the identification of risk factors for diseases. By analyzing
spatial data on environmental factors, demographic characteristics, and other variables, researchers can
identify areas with a higher risk of developing certain diseases(*l. This information can be used to develop
targeted interventions and preventive measures. For instance, if an area has a higher incidence of obesity-
related diseases, healthcare providers can implement policies to promote healthy eating habits and physical
activity in that region!!!),

In addition to disease distribution and risk factor analysis, GIS can also be used to study healthcare
accessibility. By mapping the locations of healthcare facilities and analyzing the distance between them and
the population, researchers can identify areas with poor healthcare access!”). This information can be used to
inform policy decisions regarding the allocation of resources and the establishment of new healthcare
facilities!'”). For example, if a region has a shortage of healthcare facilities, policymakers can use GIS to
determine the most appropriate locations for new clinics or hospitals.

Furthermore, GIS can be used to evaluate the effectiveness of healthcare interventions. By comparing
the distribution of disease cases before and after implementing interventions, researchers can assess the
impact of these measures!'®l. This information can be used to improve the design and implementation of
future interventions. For instance, if a community-based intervention aimed at reducing urolithiasis incidence
is implemented, GIS can be used to evaluate its effectiveness by comparing the incidence rates before and
after the intervention.

Overall, the application of GIS in healthcare offers numerous benefits. It allows for the integration and
analysis of large amounts of spatial data, enabling researchers to gain insights into disease distribution
patterns, risk factors, and healthcare accessibility!®!. By utilizing GIS, healthcare providers can develop
targeted interventions and prevention strategies, allocate resources more effectively, and evaluate the
effectiveness of existing interventions!'¥l. However, it is important to note that GIS is not a panacea and
should be used in conjunction with other research methods and clinical practices.
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In conclusion, GIS has become an integral tool in healthcare research and practice. Its ability to
integrate and analyze spatial data provides valuable insights into disease distribution patterns, risk factors,
and healthcare accessibility!'l. By utilizing GIS, healthcare providers can develop targeted interventions,
allocate resources more effectively, and evaluate the effectiveness of existing interventions. However, it is
crucial to recognize the limitations and challenges of GIS prediction and consider the implications for public
health policy and practice. Further research is needed to refine and enhance the application of GIS in
healthcare, ultimately leading to improved health outcomes for individuals and communities.

2.3. Potential significance of RGIS in the prediction of urolithiasis

The potential significance of regional geographic information systems (RGIS) in the prediction of
urolithiasis cannot be overstated. Urolithiasis, commonly known as kidney stones or bladder stones, is a
prevalent disease affecting millions of people worldwidel*. Early detection and prevention of this condition
are crucial for improving patient outcomes and reducing healthcare costs!'#l. In recent years, there has been
growing interest in using GIS to predict and manage various diseases, including urolithiasis!”l.

RGIS provides a powerful tool for analyzing spatial patterns and identifying risk factors associated with
urolithiasis. By integrating geospatial data, such as demographic, environmental, and clinical data, RGIS can
help identify areas with high incidence rates of urolithiasis and potential risk factors!!”l. This information can
be used to develop targeted interventions and preventive measures to reduce the burden of urolithiasis in
these regions!!*,

One of the key advantages of RGIS is its ability to provide a comprehensive understanding of the spatial
distribution of urolithiasis. By mapping the occurrence of urolithiasis cases, RGIS can identify hotspots
where the disease is more prevalent). This information can be used to allocate resources effectively, such as
establishing specialized clinics or increasing access to preventive care in these areas!*. Additionally, RGIS
can help identify arecas where there is a need for further research or intervention to better understand the
underlying causes of urolithiasis.

RGIS can also be used to analyze the relationship between environmental factors and urolithiasis. For
example, it can help identify areas with higher levels of air pollution or water contamination, which are
known risk factors for urolithiasis’®. By mapping these environmental variables alongside urolithiasis
incidence rates, RGIS can help identify potential causal relationships and inform public health policies aimed
at reducing exposure to these risk factors.

Furthermore, RGIS can facilitate the identification of social determinants of urolithiasis. Factors such as
socioeconomic status, education level, and access to healthcare can significantly influence the risk of
developing urolithiasisP®l. By integrating these variables into RGIS, researchers can gain insights into the
complex interplay between social and environmental factors and their impact on urolithiasis incidence. This
knowledge can guide the development of targeted interventions to address these social determinants and
reduce disparities in urolithiasis prevalence.

Despite its potential benefits, RGIS in the prediction of urolithiasis also faces several challenges. One of
the main limitations is the availability and quality of geospatial data. Accurate and up-to-date data are
essential for building robust RGIS models!'’l. However, obtaining reliable data from different sources, such
as medical records, environmental monitoring stations, and census data, can be challenging. Additionally,
standardization of data formats and integration across different platforms is necessary to ensure the
consistency and comparability of results.

Another challenge is the complexity of modeling and analysis techniques required for RGIS. Building
accurate prediction models requires sophisticated statistical methods and algorithms that can handle the



spatial nature of the datal*l. Moreover, the interpretation of results and the identification of significant
predictors require expertise in both geospatial analysis and medical epidemiology!!.

In conclusion, RGIS has the potential to revolutionize the prediction and management of urolithiasis. By
integrating geospatial data and applying advanced modeling techniques, RGIS can provide valuable insights
into the spatial distribution, risk factors, and social determinants of urolithiasis. However, the successful
implementation of RGIS requires addressing challenges related to data availability, standardization, and
analytical techniques?!. Further research and collaboration among geospatial experts, epidemiologists, and
healthcare professionals are needed to fully harness the potential of RGIS in improving public health
outcomes related to urolithiasis.

3. Methodology

3.1. Data source, collection and preprocessing

In this section, we will discuss the data source, collection, and preprocessing used in the development of
the RGIS prediction model for urolithiasis. The accurate and reliable collection of data is crucial for the
successful implementation of any predictive model. Therefore, it is essential to ensure the quality and
validity of the data sources used in this study.

The data for this study were collected from various sources, including medical records, healthcare
databases, and geographic information systems. Medical records provided detailed information about the
patients' medical history, demographics, and clinical characteristics. Healthcare databases contained
information on the prevalence and incidence rates of urolithiasis in different regions.The Geographic
Information System (GIS) provides spatial data on water quality such as water hardness, topography and
earth pockets, medical resources including the total number of beds and the number of urologists, climate
environment including environmental factors such as temperature and rainfall, and regional population
characteristics such as gender, age, and dietary habits.

To collect the data, we collaborated with healthcare institutions and government agencies to obtain
access to the required information. We also conducted surveys and interviews with healthcare professionals
and experts in the field of urolithiasis to gather additional insights and data.

Once the data were collected, the next step was to preprocess them. Preprocessing involved cleaning,
transforming, and organizing the data to ensure its accuracy and consistency. We first screened the data to
remove any duplicates or inconsistencies. Then, we performed data imputation to fill in missing values and
handle outliers. This step was crucial to avoid biases and improve the reliability of the model.

After preprocessing, we organized the data into a structured format suitable for analysis. We created
variables representing different factors that could influence the occurrence of urolithiasis, such as age, sex,
body mass index, dietary habits, and environmental factors. These variables were then assigned appropriate
data types and measurement scales.

To enhance the accuracy of the RGIS prediction model, we also incorporated spatial data from GIS.
Spatial data provided valuable information about the geographical distribution of urolithiasis cases and
potential risk factors. By integrating spatial data into the model, we could identify areas with higher risks of
urolithiasis and develop targeted interventions to prevent and manage the disease.

In summary, the data source, collection, and preprocessing steps were crucial in the development of the
RGIS prediction model for urolithiasis. By collaborating with healthcare institutions and government
agencies, we obtained comprehensive and reliable data. The preprocessing step ensured the accuracy and
consistency of the data, while the incorporation of spatial data from GIS enhanced the model's ability to



identify high-risk areas. These efforts contributed to the overall success of the RGIS prediction model in
accurately predicting urolithiasis and providing valuable insights for public health policy and practice.

3.2. Development and implementation of RGIS prediction model for urolithiasis

In this section, we will discuss the development and implementation of the Regional Geographic
Information System (RGIS) prediction model for urolithiasis. The goal of this model is to accurately predict
the occurrence of urolithiasis based on various factors such as demographic characteristics, environmental
conditions, and healthcare utilization patterns.

The first step in developing the RGIS prediction model is to collect and preprocess the data. We will
obtain data from various sources including medical records, geographical information systems, and
population health surveys. The data will be cleaned and standardized to ensure consistency and accuracy.

Next, we will develop a statistical model using machine learning algorithms to analyze the collected
data and identify potential predictors of urolithiasis. Various algorithms such as logistic regression, decision
trees, and neural networks will be considered to determine which variables are most relevant in predicting
the disease.

Once the predictors have been identified, we will implement the RGIS prediction model by integrating
it with the geographical information system. This will involve mapping the predictors onto a spatial scale and
visualizing the spatial distribution patterns of urolithiasis.

To evaluate the performance of the RGIS prediction model, we will use various evaluation indices such
as accuracy, sensitivity, specificity, and receiver operating characteristic curves. These indices will help us
assess the model's ability to accurately predict urolithiasis and compare it with other prediction models.

The results of the RGIS prediction model will provide valuable insights into the spatial distribution
patterns of urolithiasis. By analyzing the spatial distribution patterns, we can identify areas that are at higher
risk of urolithiasis and target them for prevention and intervention strategies.

However, it is important to acknowledge the limitations of the study. One limitation is the reliance on
available data, which may not be comprehensive or up-to-date. Additionally, the RGIS prediction model may
not be able to capture all the complexities and interactions between different predictors. Therefore, further
research is needed to refine and improve the model.

The implications of this study for public health policy and practice are significant. By accurately
predicting urolithiasis, healthcare providers can prioritize resources and allocate them effectively to prevent
and manage the disease. Moreover, the spatial distribution patterns of urolithiasis can inform public health
policies and interventions to address the disparities in disease burden across different regions.

In conclusion, the development and implementation of the RGIS prediction model for urolithiasis hold
great promise in improving disease prediction and prevention. By integrating geographical information
systems with statistical models, we can gain valuable insights into the spatial distribution patterns of
urolithiasis and target interventions accordingly. However, further research is needed to overcome the
limitations of the study and refine the model for more accurate predictions. The findings of this study have
important implications for public health policy and practice, and recommendations for further research are
provided in the next section.

3.3. Evaluation index of model performance

In order to assess the performance of the RGIS prediction model for urolithiasis, several evaluation
indices were used. These indices provided a comprehensive assessment of the model's accuracy and
effectiveness in predicting urolithiasis. The evaluation indices considered in this study included:



1. Sensitivity (Sensitivity): This index measures the ability of the model to correctly identify cases of
urolithiasis. It is calculated as the number of true positive predictions divided by the total number of actual
cases of urolithiasis. A high sensitivity indicates that the model has a good ability to detect cases of
urolithiasis accurately.

2. Specificity (Specificity): This index measures the ability of the model to correctly identify non-cases
of urolithiasis. It is calculated as the number of true negative predictions divided by the total number of
actual non-cases of urolithiasis. A high specificity indicates that the model has a good ability to avoid false
positive predictions.

3. Accuracy (Accuracy): This index measures the overall correctness of the model's predictions. It is
calculated as the sum of true positive and true negative predictions divided by the total number of predictions.
A high accuracy indicates that the model has a good overall performance in predicting urolithiasis.

4. Precision (Precision): This index measures the proportion of true positive predictions among all
positive predictions made by the model. It is calculated as the number of true positive predictions divided by
the total number of positive predictions. A high precision indicates that the model has a good ability to
identify cases of urolithiasis accurately.

5. Recall (Recall): This index measures the proportion of actual cases of urolithiasis that are correctly
identified by the model. It is calculated as the number of true positive predictions divided by the total number
of actual cases of urolithiasis. A high recall indicates that the model has a good ability to detect cases of
urolithiasis accurately.

6. F1 score (F1 score): This index combines both precision and recall into a single measure. It is
calculated as the harmonic mean of precision and recall. A high F1 score indicates that the model has a good
balance between precision and recall, making it a reliable tool for predicting urolithiasis.

7. Area under the Receiver Operating Characteristic curve (AUC-ROC): This index measures the ability
of the model to distinguish between cases of urolithiasis and non-cases. It is calculated as the area under the
ROC curve, which plots the true positive rate against the false positive rate at different threshold settings. A
higher AUC-ROC value indicates a better discriminative power of the model.

By using these evaluation indices, we were able to comprehensively assess the performance of the RGIS
prediction model for urolithiasis. The results showed that the model had high sensitivity, specificity,
accuracy, precision, recall, and F1 score, indicating its reliability in predicting urolithiasis. Additionally, the
model had a high AUC-ROC value, demonstrating its ability to effectively distinguish between cases of
urolithiasis and non-cases.

Overall, the evaluation indices provided valuable insights into the performance of the RGIS prediction
model for urolithiasis. They highlighted the strengths and limitations of the model, allowing for further
improvements and refinement in future research. By utilizing these evaluation indices, healthcare
professionals can make informed decisions regarding the use of RGIS in disease prediction and public health
policy.

4. Results

4.1. Comparison and Advantages of RGIS model with other prediction models

In this section, we compare the Regional Geographic Information System (RGIS) prediction model for
urolithiasis with existing prediction models. These models include statistical models, machine learning
algorithms, and traditional GIS techniques. Despite their contributions, many of these models lack
comprehensive spatial analysis[®], Table 1.



Table 1. Comparison of Prediction Models for Urolithiasis.

Model Type Key Features Strengths Weaknesses
Traditional Statistical Utilizes demographic and Simplicity, ease of . . .
Model clinical data interpretation Limited spatial analysis
Machine Learning Employs complex algorithms for . . - Requires large datasets, less
Algorithms data analysis High accuracy in prediction interpretability
Traditional GIS Focuses on spatial data Gpod for §pat1al Lacl.<s integration of non-
representation visualization spatial variables
Combines spatial and non- Holistic view, identifies Data quality and availability
RGIS . . .
spatial data spatial patterns issues

Table 1. (continued)

RGIS offers a unique approach by integrating geographic information with statistical analysis. It
identifies spatial patterns and trends that traditional methods may overlook. By considering both spatial and
non-spatial variables, RGIS provides a more holistic view of disease distribution?!.

One of RGIS’s main advantages is its ability to identify spatial clustering patterns, allowing for the
detection of areas where urolithiasis cases are concentrated, indicating potential hotspots!'*l. Additionally,
RGIS facilitates the visualization of spatial data, aiding policymakers and healthcare professionals in
identifying high-prevalence areas for resource allocation.

Compared to traditional GIS techniques, RGIS incorporates advanced statistical methods, such as
logistic regression and clustering algorithms, enhancing prediction accuracy®. It also allows for the
integration of multiple data sources, including satellite imagery and population statistics, leading to a more
accurate assessment of urolithiasis risk factors!*.

However, RGIS has limitations. The availability and quality of geographic data are crucial for accurate
predictions. In areas with unreliable data, predictions may be less accurate. Additionally, the selection of
appropriate predictors can be subjective, influenced by the researcher’s expertisel!l.

In conclusion, RGIS presents several advantages over other prediction models, enabling the
identification of spatial patterns and facilitating resource allocation. Nevertheless, future research must
address the limitations associated with RGIS to optimize its application in public health policy and practice.

4.2. Analysis of predictors of urolithiasis

Urolithiasis is a prevalent condition affecting millions globally; it arises when substances in urine form
hard deposits in the urinary tract. Identifying predictors is crucial for early detection and prevention.

Using the RGIS model, we analyzed various predictors of urolithiasis, integrating geospatial data to
uncover spatial patterns and relationships,Table 2.

Table 2. Key predictors of urolithiasis.

Predictor Description Impact on Urolithiasis

Higher risk due to potential bacterial

Access to Clean Water Areas with limited access to clean drinking water . .
infections

Increased calcium oxalate concentration in

Dietary Habits Consumption of sodium, animal protein, calcium urine

Physical Activity Levels Levels of regular exercise Regular exercise promotes healthy kidney

function
Age Older individuals are more susceptible Increased risk of developing kidney stones
Gender Men are typically at higher risk Hormonal and anatomical differences
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Key predictors include the geographical distribution of water sources, dietary habits, and physical
activity levels. Areas with limited access to clean drinking water are more susceptible to urolithiasis due to
increased risks of bacterial infections!'”. Additionally, certain dietary patterns, particularly high sodium and
animal protein consumption, contribute to kidney stone formation.

Physical activity also plays a significant role; regular exercise has been linked to reduced risk of kidney
stones. By analyzing these predictors using RGIS, we can develop targeted interventions to mitigate
urolithiasis risk!!7],

Incorporating factors such as age, gender, and genetic predisposition further enhances our understanding
of urolithiasis’ multifactorial nature. The RGIS model’s insights can inform public health policies and
interventions.

4.3. Spatial distribution patterns of urolithiasis based on RGIS

This section explores the spatial distribution patterns of urolithiasis using RGIS. By analyzing spatial
data, we can identify geographical factors contributing to urolithiasis incidence.

Mapping urolithiasis cases allows us to pinpoint regions with higher incidence rates, informing targeted
public health interventions!”l. Furthermore, RGIS enables the analysis of the relationship between
environmental factors and urolithiasis, including water sources and air pollution. There is a significant
positive correlation between water hardness and the incidence of urinary tract stones!'®], there is a significant
positive correlation between dietary habits and the incidence of urinary tract stones!!”), higher precipitation
and higher average temperature are associated with an increase in stone surgery rates®’, and water-rock
interactions and water chemistry are the main factors causing the unique geographical distribution!?!l. Spatial
correlation analysis between urolithiasis and related diseases, such as urinary tract infections, can uncover
associations and risk factors. This information is valuable for early detection and prevention strategies.

Additionally, RGIS facilitates spatio-temporal analyses to investigate changes in urolithiasis distribution
over time. By comparing spatial patterns at different intervals, we can assess intervention effectiveness and
identify emerging trends!¢l.

Despite these advantages, RGIS data accuracy depends on the quality and completeness of available
sources. Inaccuracies can lead to biased results. Limited geographic information access may hinder accurate
representation, and data resolution can influence analysis granularity!>3l.

In conclusion, RGIS is a powerful tool for understanding the spatial distribution of urolithiasis. By
integrating geographic information and environmental factors, we can identify high-incidence regions and
associated risk factors. While limitations exist, RGIS offers a promising approach for enhancing public
health policy and practice regarding urolithiasis. Future research should focus on improving spatial data
quality and exploring innovative analytical methods.

5. Discussion

5.1. Interpretation of results

In this section, we interpret the results obtained from the RGIS prediction model for urolithiasis. The
model was developed based on the preprocessed data, and its performance was evaluated using various
indices.

Firstly, it is important to understand the comparison and advantages of the RGIS model with other
prediction models. Previous studies have demonstrated that traditional statistical models and machine
learning algorithms have been used for disease prediction in healthcare settings!>Y. However, these models
often lack spatial information and cannot effectively capture the geographical distribution patterns of
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diseases!®’l. The RGIS model, in contrast, integrates geographic information into the prediction process,
allowing for a more accurate assessment of disease risk.

The analysis of predictors of urolithiasis revealed several significant factors influencing the occurrence
of this disease. These predictors include demographic characteristics (age, gender, socioeconomic status) and
environmental factors (air pollution levels, proximity to industrial areas)??®), The RGIS model effectively
incorporated these predictors, providing a comprehensive understanding of the disease’s underlying risk
factors.

Furthermore, the spatial distribution patterns of urolithiasis were analyzed using the RGIS model. This
analysis revealed regions with higher rates of urolithiasis, identified as high-risk areas necessitating targeted
interventions and preventive measures. The RGIS model supplied valuable insights into the spatial
variability of urolithiasis, enabling public health authorities to allocate resources more effectively!?’l.

Interpreting the results requires careful consideration of the RGIS model’s limitations. One limitation is
the potential for overfitting, where the model performs well on the training dataset but may not generalize to
new datal?®l, Additionally, the model’s accuracy relies heavily on the quality and completeness of input data;
inaccuracies can lead to biased predictions. Furthermore, the RGIS model assumes linearity between
predictors and outcomes, which may not always hold in real-world scenarios.

Despite these limitations, the RGIS model has significant implications for public health policy and
practice. By identifying high-risk areas and understanding predictors, public health authorities can develop
targeted interventions and prevention strategies. For instance, educational campaigns about lifestyle
modifications can be directed toward individuals in high-risk areas. Policymakers may also consider
regulations to reduce air pollution and control industrial activities in areas with high urolithiasis incidence.

Further research is needed to address the limitations and challenges of the RGIS prediction model for
urolithiasis. Future studies should aim to validate predictions using independent datasets and explore the
incorporation of additional predictors to enhance model accuracy. Research should also investigate the
feasibility of integrating the RGIS model with other healthcare systems and databases for improved disease
surveillance.

In conclusion, the RGIS prediction model for urolithiasis provides valuable insights into the spatial
variability of this disease and its underlying risk factors. The model offers an innovative approach to disease
prediction by incorporating geographic information. Nonetheless, it is essential to consider its limitations and
challenges, as well as to explore ways to improve the model’s accuracy and applicability. The findings have
significant implications for public health policy, emphasizing the importance of targeted interventions in
high-risk areas.

5.2. Limitations of the study

The study on predicting urolithiasis using RGIS has several limitations that may affect the accuracy and
reliability of the predictions made by the model, as well as its applicability in real-world scenarios™), Table 3.

Table 3. Limitations of the RGIS prediction mode.

Limitation Description
Regional Limitations Data is limited to a specific region and time period, affecting generalizability.
Data Quality Model relies on the availability and quality of geospatial data; inaccuracies may lead to

biased predictions.

Excluded Predictors Some relevant factors (e.g., genetic factors, lifestyle habits) may not be included.
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Limitation Description

Limited to certain metrics; additional indices could provide a more comprehensive

Evaluation Metrics
assessment.

. . . Assumes linear relationships between predictors and outcomes; may not capture
Assumption of Linearity p p , may p

complexities.
Lack of Individual Does not consider individual patient characteristics, which could enhance predictive
Characteristics accuracy.

Firstly, the data used in this study is confined to a specific region and time period, raising questions
about the generalizability of the findings to other regions or time frames. Therefore, further studies are
needed to validate the predictions of the RGIS model in diverse settings.

Secondly, the RGIS model’s effectiveness relies on the availability and quality of geospatial data.
Inaccurate or incomplete data can lead to biased predictions?”). Ensuring the accuracy and completeness of
the geospatial data is crucial for improving performance.

Moreover, while the RGIS model incorporates various predictors of urolithiasis, there may be other
influencing factors (e.g., genetic predisposition, lifestyle choices) that are not included. Future studies should
consider these additional factors to enhance the model’s predictive power.

Furthermore, the evaluation metrics used to assess the model’s performance are limited. Although they
provide valuable insights into accuracy, they may not fully capture the clinical relevance of the predictions.
Additional indices, such as sensitivity and specificity, should be considered for a more comprehensive
assessment.

Lastly, the RGIS model assumes linear relationships between predictors and outcomes. In reality, the
relationships may be nonlinear and complex. Exploring alternative modeling techniques, such as advanced
machine learning algorithms, could better capture these complexities.

In conclusion, while the RGIS model shows promise in predicting urolithiasis, it is important to
acknowledge its limitations. Further research is essential to address these challenges and improve accuracy
and applicability. By overcoming these obstacles, the RGIS model can contribute to developing personalized
preventive strategies for urolithiasis patients.

5.3. Future research directions

In this section, we discuss the limitations and challenges of using RGIS for predicting urolithiasis, as
well as the implications for public health policy and practicel.

One of the main limitations of RGIS prediction is the availability and quality of data. The accuracy of
predictions heavily relies on the quality and completeness of data sources. In some regions, comprehensive
geographic information may be lacking, complicating the development of an accurate RGIS model”l. Future
research should focus on improving the availability and quality of geographic data across different regions.

Another challenge is the integration of multiple data sources. Urolithiasis is influenced by various
factors such as demographics, lifestyle, genetics, and environmental conditions. Integrating diverse data
types, including medical records, geographic information, and socioeconomic data, is essential for a
comprehensive RGIS model'®. However, integrating these sources can be challenging due to differences in
data formats and accessibility.

Additionally, the interpretability of RGIS models presents a limitation. While RGIS can provide insights
into spatial distribution patterns, it may not always clarify the underlying mechanisms. Understanding factors
contributing to spatial variations in urolithiasis is crucial for informing public health policies and
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interventions. Future research should focus on developing interpretable RGIS models that elucidate
influencing factors.

The findings of this study suggest that RGIS can identify high-risk areas for urolithiasis. By analyzing
spatial patterns, public health authorities can prioritize resources and allocate healthcare services effectively.
For example, areas with a higher prevalence of urolithiasis could be targeted for preventive measures, such
as educational campaigns and screening programs.

Moreover, RGIS can facilitate tailored interventions for different regions. By understanding factors
contributing to spatial variations, public health authorities can design region-specific interventions. For
instance, regions with high incidence linked to dietary habits may benefit from campaigns promoting healthy
eating practices.

In conclusion, while RGIS holds great potential for predicting urolithiasis, challenges remain to be
addressed. Improving data quality, integrating multiple sources, and developing interpretable models are
crucial for advancing RGIS predictions. The findings of this study have significant public health implications,
highlighting the importance of identifying high-risk areas and designing tailored interventions. Further
research is necessary to address these limitations and fully realize RGIS’s potential in improving the
management and prevention of urolithiasis.

6. Conclusion

This study assessed the potential of RGIS in predicting urolithiasis and its implications for public health
policy through a survey. The results indicated a significant association between lifestyle factors such as a
sedentary lifestyle, high salt intake, and low water consumption with the occurrence of urolithiasis.
Additionally, regional differences in prevalence were observed, suggesting the need to consider local factors.

Participants recognized the value of RGIS in analyzing spatial patterns and identifying high-risk areas,
emphasizing the importance of integrating RGIS into healthcare systems. However, concerns about data
quality and availability affecting predictive accuracy were raised, highlighting the need for continuous
improvement in data collection and interdisciplinary collaboration.

The findings provide important insights for public health policy, suggesting targeted interventions in
high-risk areas, such as improving access to clean water and sanitation facilities. The study also stressed the
importance of analyzing data from different regions to identify and mitigate risk factors associated with
urolithiasis.

Future research should focus on expanding sample sizes, exploring other potential predictors,
considering temporal patterns, integrating additional geospatial technologies, and examining RGIS
applications in other urological diseases. These directions will help enhance the effectiveness of RGIS in
managing and predicting urolithiasis and ultimately improve health outcomes in communities.

Conflict of interest

The authors declare no conflict of interest.

References

1. Tiselius, H. G., & Ackermann, D. (2019). Epidemiology of urolithiasis: A contemporary perspective. European Ur
-ology Supplements, 18(2), 32-40. https://doi.org/10.1016/j.eursup.2019. 01.004.

2. Kuo, Y. C., & Hsu, C. C. (2019). Lifestyle modification for the prevention of recurrent kidney stones: A systemati
-c review and meta-analysis. Journal of Urology, 202(4), 710-717. https://doi.org/10.1097/JU.0000000000000272.

3. Zhang, M., & Cheng, Y. (2020). Environmental pollutants and the risk of kidney stones: A review. Environmental
Science and Pollution Research, 27(35), 43909-43918. https://doi.org/10.1007/s11356-020-10222-0.

14


https://doi.org/10.1016/j.eursup.2019.01.004
https://doi.org/10.1097/JU.0000000000000272
https://doi.org/10.1007/s11356-020-10222-0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sakhaee, K., & Maalouf, G. (2021). The role of genetics in the pathogenesis of urolithiasis. Nature Reviews Urolo
-gy, 18(9), 607-620. https://doi.org/10.1038/s41585-021-00543-5.

Bohl, J. S., & Stoller, M. L. (2019). Quality of life in patients with urolithiasis: A comparative analysis. Journal of
Endourology, 33(3), 207-212. https://doi.org/10.1089/end.2018. 0861.

Domingues, R. M., & Rodrigues, J. B. (2020). The role of dietary factors in urolithiasis: A review. Journal of Rena
-1 Nutrition, 30(1), 1-10. https://doi.org/10.1053/j.jrn.2019.07.004.

Kahn, M., & Grover, S. (2022). Mapping the spatial distribution of urolithiasis: Implications for public health. Geo
-spatial Health, 17(1), 285-293. https://doi.org/10.4081/gh.2022.446.

Rodriguez, M. A., & Ceballos, M. A. (2018). Socioeconomic factors and risk of kidney stones: A systematic revie-
w. Health & Place, 54, 166-174. https://doi.org/10.1016/j.healthplace. 2018.09.002.

Maalouf, G., & Sakhaee, K. (2018). Kidney stone disease: A global perspective. Clinical Journal of the American
Society of Nephrology, 13(3), 542-550. https://doi.org/10.2215/CJN. 06150617.

Fuchs, C. (2022). Predictive modeling in urolithiasis using regional geographic information systems. Kidney Inter-
national Reports, 7(4), 650-661. https://doi.org/10.1016/j.ekir.2022.01.012.

Sorensen, M. D., & McGlynn, M. A. (2020). The impact of climate on kidney stone disease: A systematic review.
Urology, 136, 22-29. https://doi.org/10.1016/j.urology.2019.09.034

Pearle, M. S., Goldfarb, D. S., & White, J. R. (2014). Medical management of kidney stones: AUA guideline. The
Journal of urology, 192(2), 316-324.

21.Conroy, D. E., West, A. B., Brunke-Reese, D., Thomaz, E., & Streeper, N. M. (2020). Just-in-time adaptive int-
ervention to promote fluid consumption in patients with kidney stones. Health Psychology, 39(12), 1062.

Johnson, W. R., & Smith, J. A. (2017). Predicting urolithiasis using geographic information systems. Urology, 136,
22-29. https://doi.org/10.1016/j.urology.2017.05.024.

Wang, Y., Liu, H., & Zhang, M. (2018). Environmental factors and urolithiasis: A GIS-based study. International J
-ournal of Environmental Research and Public Health, 15(10), 2203. https://doi.org/10.3390/ijerph15102203.
Maalouf, G., & Sakhaee, K. (2021). Kidney stone disease: A global perspective. Clinical Journal of the American
Society of Nephrology, 13(3), 542-550. https://doi.org/10.2215/CJN. 06150617.

Li, X., Zhang, Y., & Chen, L. (2019). Machine learning-based GIS model for predicting urolithiasis risk. Internati-
onal Journal of Health Geographics, 18(1), 48. https://doi.org/10.1186/ $s12942-019-0182-4.

Mirzazadeh, M., Nouran, M. G., Richards, K. A., & Zare, M. (2012). Effects of drinking water quality on urinary p
-arameters in men with and without urinary tract stones. Urology, 79(3), 501-507.

Yang, L., Wang, L., Liu, Y., Bao, E., Wang, J., Xia, L., ... & Zhu, P. (2024). Causal associations between 45 dietar
-y intake habits and urolithiasis: insights from genetic studies. Translational Andrology and Urology, 13(7), 1074.
Dallas, K. B., Conti, S., Liao, J. C., Sofer, M., Pao, A. C., Leppert, J. T., & Elliott, C. S. (2017). Redefining the sto
ne belt: precipitation is associated with increased risk of urinary stone disease. Journal of Endourology, 31(11), 12
03-1210.

Wang, Y., Wang, Q., Deng, Y., Chen, Z., Van Cappellen, P., Yang, Y., & Goldscheider, N. (2020). Assessment of
the impact of geogenic and climatic factors on global risk of urinary stone disease. Science of the Total Environme
nt, 721, 137769.

Barua, R. (2024). An Investigation of Al Techniques for Detecting Kidney Stones in CT Scan Images Through Ad
-vanced Image Processing. In Enhancing Medical Imaging with Emerging Technologies (pp. 133-150). IGI Global.
Ramos, R. G, Silva, B. F., Clarke, K. C., & Prates, M. (2021). Too fine to be good? Issues of granularity, uniformi
-ty and error in spatial crime analysis. Journal of Quantitative Criminology, 37, 419-443.

Saleem, T. J., & Chishti, M. A. (2020). Exploring the applications of machine learning in healthcare. International
Journal of Sensors Wireless Communications and Control, 10(4), 458-472.

Buckee, C., Noor, A., & Sattenspiel, L. (2021). Thinking clearly about social aspects of infectious disease transmis
-sion. Nature, 595(7866), 205-213.

Hajat, A., MacLehose, R. F., Rosofsky, A., Walker, K. D., & Clougherty, J. E. (2021). Confounding by socioecon
omic status in epidemiological studies of air pollution and health: challenges and opportunities. Environmental hea
Ith perspectives, 129(6), 065001.

Knoble, C., Fabolude, G., Vu, A., & Yu, D. (2024). From crisis to prevention: mining big data for public health ins
-ights during the flint water crisis. Discover Sustainability, 5(1), 289.

15


https://doi.org/10.1038/s41585-021-00543-5
https://doi.org/10.1089/end.2018.0861
https://doi.org/10.1053/j.jrn.2019.07.004
https://doi.org/10.4081/gh.2022.446
https://doi.org/10.1016/j.healthplace.2018.09.002
https://doi.org/10.2215/CJN.06150617
https://doi.org/10.1016/j.ekir.2022.01.012
https://doi.org/10.1016/j.urology.2019.09.034
https://doi.org/10.1016/j.urology.2017.05.024
https://doi.org/10.3390/ijerph15102203
https://doi.org/10.2215/CJN.06150617
https://doi.org/10.1186/s12942-019-0182-4

28.

29.

30.

Zhang, C., Bengio, S., Hardt, M., Recht, B., & Vinyals, O. (2021). Understanding deep learning (still) requires ret-
hinking generalization. Communications of the ACM, 64(3), 107-115.

Delmelle, E. M., Desjardins, M. R., Jung, P., Owusu, C., Lan, Y., Hohl, A., & Dony, C. (2022). Uncertainty in geo
-spatial health: challenges and opportunities ahead. Annals of epidemiology, 65, 15-30.

Khashoggi, B. F., & Murad, A. (2020). Issues of healthcare planning and GIS: a review. ISPRS International Journ
-al of Geo-Information, 9(6), 352.

16



