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Abstract: The disease burden of Gastroesophageal Reflux Disease (GERD) varies across the globe and have a
significant impact on the overall health of the communities. A number of complications and diseases stem from chronic
GERD. In order to provide improved healthcare measures and to effectively monitor and control GERD, it is important
to identify rate of incidence of the disease and the associated risk factors along with symptoms. Therefore, this study
was conducted by retrieving the relevant data through machine learning. Principles of Artificial Neural Networks were
applied to sort the data and the results were obtained in the form of a network by using VOSviewer software. These
artificial intelligence and machine learning based results reveal that the Asian population is increasingly becoming
prone to GERD and sporadic reports from Pakistan have surmounted to disclose that GERD is constantly present across
different districts and cities of Pakistan. The major risk factors identified among the Pakistani population in different
research articles include consumption of oily foods, the habit of having late dinners, sedentary lifestyles and a lack of
understanding about disease diagnosis, and GERD management and treatment. Our results suggest that acid reflux and
inflammation of esophageal cavity are some of the main symptoms of the disease. On the basis of the results obtained, it
is speculated that this study will provide a ground to improve the symptomatic diagnosis of GERD by closely observing
and analyzing the risk factors and the rate of incidence with symptoms. It would enable the healthcare facilities to
effectively monitor the GERD cases so that the disease burden due to GERD and related illnesses could be reduced.
Moreover, the identification of regional differences and a comparative data would help us in identifying the disease
hotspots where more efforts would be needed to manage and control the disease.

Index Terms: Gastroesophageal reflux disease, GERD, Pakistan, risk factors, prevalence, artificial intelligence,
machine learning

1. Introduction

Gastroesophageal reflux disease or GERD is a commonly reported disease with a worldwide prevalence.
According to Argyrou et al., 2018, around 10-20% cases are present on a constant basis in the western world, while the
East has varying percentages of the disease in different regions. Pakistan has been reported to have around 22% of
GERD prevalence, as per reports from patients presenting to different clinics and hospitals across the country. The
disease burden has been reported to have followed an increasing trend in the West as well as in Asia. It not only affects
the quality of a patient’s life, but also the economic burden which concerns the health sector. There are various
definitions of GERD found in the data pool, which all lead to the understanding that it is a condition where stomach
reflux lead to severe consequences such as acidity, heart burn, injury to the esophagus and cough. The symptoms of
GERD also relate to the same understanding and include heartburn and reflux of acid towards the esophagus and
sometimes even towards the oral cavity. These symptoms are further associated with injury or damage to the esophagus
and inflammation of tissues across the esophagus (Argyrou et al., 2018). Furthermore, according to Veugelers et al.,
2006, untreated cases or improper disease management can lead to severe consequences including, anemia, weight loss,
dysphagia and in worst cases, adenocarcinoma (Veugelers et al., 2006). Therefore, it is important to take control
measures to effectively manage the disease.

The foremost step in disease management is to identify the disease symptoms and the risk factors so that enough
knowledge would be available to avoid any misdiagnosis. Moreover, a better diagnosis of disease will also enable us to
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identify the disease hotspots where more healthcare facilities would be required. As the disease prevalence is high and
there is a lack of awareness of GERD in population, so, the knowledge about the disease basics must be reviewed and
should be made available to population through healthcare providers and media. Therefore, this study was conducted to
utilize the principles of artificial intelligence to sort out the huge volumes of data in order to effectively tackle the
disease. As according to Munawar et al., 2020 the increased use of computers and internet sources is the ideal way to
collect vast volumes of data (Munawar et al., 2019a; Munawar et al., 2019b; Munawar).Therefore, the approach of
artificial intelligence and machine learning will be utilized in this study to answer all the questions about GERD,
including a detailed analysis of the disease pathophysiology, symptoms, treatment options and prevalence among the
Pakistani population, with a special focus on comparing the incidence of GERD between the populations of different
cities of Pakistan. Now a days the devices like antennas and wireless devices are also being used for the collection of
scientific data. These devices would also have larger benefits, such as wearable antennas are now being used in personal
wellbeing i.e. disease treatments etc (Munawar; Munawar et al., 2017; Munawar; Munawar and Magsood) However, for
our research article we preferred artificial intelligence which will include data collection through wireless devices. The
methodology adopted in this research to collect and analyse the data related to GERD is described in detail.

2. Methodology

The methodology adopted for this research is given in Fig. 1 while Fig. 2 represents the framework of this study.

Data Collection based on
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Fig. 1 Al based methodology adopted for the identification of risk factors of GERD disease
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Fig. 2 Framework of Research

We started this study by identifying the exploratory domain on the basis of which research question was
formulated. Relevant data was retrieved and was subjected to artificial intelligence based data processing. The output
data obtained was visualized by using VOSviewer software and was further subjected to analysis.

2.1 Data Retrieval

A combination of keywords was generated on the basis of which, data was retrieved by using machine learning.
The keywords used for this research includes, Gastroesophageal reflux disease”, “GERD in Pakistan”,“ Risk factors of
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GERD?”, “Prevalence of GERD”. All of these keywords are used for the detailed analysis of the study through artificial
intelligence approach. Based on these keywords, literature was selected from different search engines including Web of
Science, Scopus and ScienceDirect. High index research papers were selected from top-tier journals. After selection of
the multiple sets of articles, different keyword queries were formulated and to make links between them, neuron links
were established via ANN modelling.

2. 2 ANN Modeling

Multilayer Artificial Neural Networks are used in three layers that are shown in Fig 3. as input layer, hidden layer
and output layer to collect and process the complex data. The data retrieved through different search engines is fed into
the input layer. Input layer form links with hidden layer where the data is processed. After this processing, it is obtained
from output layer. VOSviewer software is used to visualize the output data so that it could be interpreted. The aim of
these complex networks is to find the weight of the data that will provide a descriptive picture of GERD disease. Using
this ANN model all the data is collected and evaluated in this research.

Input Layer

Hidden Layer

Ouput Layer

Ye

Fig. 3 ANN Model for the data collection
3. Results

3.1 ANN Model

The data from output layer of ANN model is visualized through VOSviewer software which constructs a map
based on similarity among the data. It represents the data from main exploratory domains via nodes. The size of these
nodes determine the weight of the data. Moreover, the lines between the nodes represent the interconnectedness of this
data. It can be seen from Fig 4 that either the data obtained is from pathology domain or it is epidemiological data. The
lines represent that how these both domains are linked which illustrates that for better disease control and monitoring, it
is important to understand disease epidemiology with reference to its pathology.

les damage
proggession
L4
ahility
- detegtion
severity

850 us

=sodie
f@* = & pragess addision

bafgett DIgpNEREE
intestinal getaplasia . system
techgique
pakistan i -
. maghine
£Y mgdel
proton pump inhibitor
PRI
date apREgach. g 1\
year \gatich
. b e alg M knowledge
g’@ an‘cs wiedg:
gerd patient group
prevalence case time
barretts ésophagus incidgnce

classifieation
pathophysiology = surgery
gastro esophageal reflux disea

P systematic review epidemiology
patignts

child

Fig. 4 Keywords found in literature related to GERD
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After identification of the importance of epidemiology, data on risk factors, symptoms and prevalence of GERD is
obtained through machine learning and is further described below in detail with the future suggestions.

3.2 Data Collected through Artificial Intelligence and Machine Learning related to GERD

The approach of artificial intelligence and machine learning is utilized in this study to answer all the questions
about the GERD including a detailed analysis of the disease pathophysiology, symptoms, treatment options and
prevalence among the Pakistani population, with a special focus on comparing the incidence of GERD between the
populations of different cities of Pakistan.

3.2.1 Disease Pathophysiology

According to Herbella & Patti, 2010, the pathophysiology of GERD is complex and crucial to understand so as to
develop a concrete means of identifying treatment options and ways to prevent severe injuries or complications of
chronic GERD. The non-erosive form of GERD develops in the absence of mucosal damage and is due to injury of the
esophagus by the acid reflux. The stomach secretions such as pepsin, bile and gastric acid penetrate into the basal layer
of the mucosa, thereby, causing inflammation. Such manifestations are possible when the protective layers of the
mucosa are damaged or injured. These protective layers include the epithelial defence layers, constituting three different
layers of epithelium, namely; pre-epithelium, the middle epithelial layer and the post-epithelial layer. Any damage in
these layers due to ionic imbalance, excessively high acid concentration and reduced secretion of protective substance
such as mucin, epidermal growth factor and prostaglandin E2 leads to the development of GERD. A detailed overview
of pathogenesis of GERD is shown in Fig 5 which shows that how different causative agents contribute to GERD onset
(Herbella & Patti, 2010).

Gastroesophageal Reflux Disease (GERD): Pathogenesis and Clinical Findings
Author: Matthew Harding
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Other factors conferring the pathophysiology of GERD highlighted by Menezes & Herbella, 2017, include
imbalanced pressures across the thoracic cavity, vulva and the diaphragm. According to The Menezes & Herbella, 2017,
basic mechanism which prevents GERD is known as the vulvar mechanism, which includes a negative pressure at the
thorax to prevent uptake of acids coming upwards due to a positive pressure generating at the diaphragm. The overall
structures and pressures present within this tract act to prevent refluxes. Injuries and damage to the pathway are
involved in the generation of reflux and sending acids towards the esophagus. Thus, GERD is associated with a
defective pressure gradient across the esophagus and gastric junctions (Menezes & Herbella, 2017).

Mao et al., 2011, highlighted the association of esophageal cancer as one of the most alarming situations linked
with GERD. Over the years, the association of adenocarcinoma of the esophagus has increasingly been associated with
a prolonged history of GERD. According to Mao et al., 2011, the Asian countries, such as Japan, China and India have
been reported to have a high incidence of esophageal adenocarcinoma. The western world also has an alarmingly
increasing rate of esophageal adenocarcinoma. Almost 50% of the worldwide cases of esophageal adenocarcinoma are
reported from China alone. The progression of the disease is rapid, resulting in a high mortality rate (Mao et al., 2011).
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The percentage of disease vary in all the ages as shown in Fig.6. It is evident from Fig.6 that more than half of the 4-6
months old infants experience regurgitation more than one time per day. Occurences of regurgitations reduce after this
age and then it is replaced by heartburn sensation in children and adults.

» 67%
Regurgitation more than
1 time per day
60 0 Heartburn

g

22%

Percent of infants and children

10
5% 4%
‘ 2% | I
| | | ]
0-3 Months 4-6 Months 7-9 Months 10-12 Months  3-9Years 10-17 Years > 18 Years
Age
[Source: Bishop WP: Pediatric Practice Gastroenterology:
Fig. 6 Prevalence of disease in different age groups
3.2.2  Possible causes of GERD
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Fig. 7 Causes of GERD found in the data pool

Studies on lifestyle and eating habits have revealed a strong link of these factors with the development and
progression of GERD. The Pakistani population has been deemed as prone to GERD due to various lifestyle habits such
as late meals, oil and fat rich foods, small ratio of time between dinner and bedtime and an overall sedentary lifestyle
(Fujiwara et al., 2005), smoking, increasing age and cultural background, as shown in Fig 7. It was found that the habit
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of walking post dinner significantly reduced the acid reflux, thereby reducing the chances of developing GERD (Karim
et al., 2011). The high rate of Helicobacter pylori infections in the Asian countries and nutritional and economic factors
have also been linked with the development of GERD and associated cancers (Jung et al., 2011). A number of these
factors are given in Fig 7 as they ultimately reduce the acid production by stomach which on one hand increases
intraabdominal pressure by poor digestion of food and bacterial dyshiosis and on the other hand impairs the antireflex
barrier leading to onset of GERD. Moreover, Fig 7 also highlights certain other causative factors including medications,
pregnancy, scleroderma, obesity and hiatal hernia.

3.2.3  Diagnosis and Treatment

According to lwakiri et al., 2016, the diagnosis of GERD stems from presentation of symptoms. The most common
method employed for diagnosing acid reflux is esophageal endoscopy. Asian countries use endoscopy regularly for
diagnosing and conforming cases of GERD as this is a relatively cheap option in this region. The Western world uses
methods, including endoscopy as well as pH-based tests to identify GERD since the disease is associated with lowering
of pH in the esophageal region due to acid reflux. However, the pH-based tests can sometimes lead to misdiagnosis as
lowered pH is not exclusive to GERD and can be indicative of other complications and infections. Therefore,
endoscopy is possibly a better method for correct diagnosis (Iwakiri et al., 2016).

The treatment options for GERD vary between proton pump inhibitors (PPI) and other drugs for suppressing acids
in the data sets collected through artificial intelligence. However, these options are not found suitable for all patients
and there is a need to move towards personalized medicine so as to satisfy patients having varying levels of medical
needs. According to Vaezi et al., 2017, management of GERD has been associated with lifestyle changes and it has
been found that management is a better option as compared to drug treatment in many cases. Also, it is important to
note that patients suffering from GERD can present with varying symptoms and different levels of unease and pain, it is
not possible to treat everyone and satisfy their needs with acid suppressors (Vaezi et al., 2017). According to Karim et
al., 2011, some of the management approaches include lifestyle modifications. These modifications include scheduling
meals properly and carefully, avoiding late dinners or foods rich in fats and oils. Also, walking after dinner has been
noted as an important and effective measure for warding off severe acid refluxes. It is crucial to note that GERD is also
aggravated through strenuous exercise and fatigue. Therefore, it is important that patients work alongside trainers and
are properly guided as per what exercises they should follow to successfully manage their condition (Karim et al., 2011).

3.24  Comparative analysis of Risk factors and Incidence of GERD (Gastroesophageal Reflux Disease) in between
different cities of Pakistan

Analysis of GERD prevalence among the Pakistani population has taken place from time to time through machine
learning from previous records of different hospitals. A research conducted in 2005 with a study population of nine
hundred and sixty-three individuals (aged above 15 years) reported that almost 24% of the population suffered from
symptoms of GERD. Out of these 24%, 58% were males while 42% were females. Further analysis of these cases led to
the identification of possible underlying causes revealed that most of these people never visited hospitals and relied on
self-medication for treating the condition. Moreover, the instances of acid reflux were most commonly found associated
with the use of spicy food (Jafri et al., 2005).

A study carried out in Abbottabad (Pakistan) linked GERD positively with Chronic Obstructive Pulmonary
Disease (COPD). According to the findings of the study, it was evident that long term and aggressive cases of GERD,
particularly in the old age population (people above the age of 60) led to severe bronchospasm, causing COPD.
Furthermore, such conditions were found to be more common in males as compared to females (Khan et al., 2017). This
has been backed with the ratios of smokers in the population. As smoking is a common cause of both, GERD and
COPD, the presence of these conditions in males is linked with the data that there are higher number of male smokers in
the Pakistani population as compared to females (Ahmed et al., 2008).

Analysis of the factors which contribute to the development of GERD showed obesity as an important factor.
Studies from Pakistan as well as different parts of the world revealed that an increase in the body mass index could lead
towards increase in the occurrence of GERD within a population (Zaman et al., 2016; Nadaleto et al., 2016). As an
individual becomes obese, there is a significant increase in the gastrointestinal, cardiovascular and pulmonary
disturbances, which can together lead towards different diseases including GERD (Nadaleto et al., 2016). All this data
on disease prevalence based on different causative factors in Pakistani population is summarized in the Table 1.

In 2016, a survey was conducted for analyzing the understanding of physicians in Pakistan about the incidence and
management of GERD. It was found that a great majority of the doctors inquired about heartburn and whether the
situation developed after the intake of a meal. Only about half of the doctors involved in the study asked the patients
whether they faced any difficulty in swallowing. This study concluded that since GERD can be presented with varying
symptoms and the diagnosis could be confused with symptoms occurring due to different underlying conditions, it is
important to work towards the development of a questionnaire, through data based on machine learning, which is
specific to the Pakistani population and has been tested and validated in the same region. Some biologists are also
working hard in order to compute data on different diseases using the approach of machine learning and artificial
intelligence (Munawar et al ;Munawar et al., 2020; Munawar et al). Data collected through artificial intelligence is
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important to ascertain a diagnosis based on patient history and presenting symptoms (Shaukar et al., 2018). The use of
innovative technology in biological sciences is also thought to be very efficient in the future studies (Munawar et al.;
Munawar et al., 2020).

Table 1 Comparison of disease prevalence based on different causes

1 Self-medication for treating the condition, Spicy Food = 58% Male and 24% Jafri et al., 2005
Female

2 Long-term aggressive cases , smokers More prevalent in male Khanetal., 2017
above 60

3 Obesity Prevalent in both male Nadaleto et al., 2016
and females

4 Smoking Prevalent more in males Shaukar et al., 2018

4  Conclusion

The worldwide prevalence of GERD and associated health complications, have made GERD to be a burden on
healthcare systems. This study provides data on disease prevalence from different countries, along with data from
Pakistani population. It throws light on some of the major disease risk factors and symptoms available from the
literature by utilizing the concepts of artificial neural networks in this domain. Overall, data collected through artificial
intelligence highlighted that GERD is a common disease with a worldwide prevalence and Asian countries are
becoming increasingly more prone to this disease condition over the years. Pakistan being one of the Asian nations is no
different in this regard. Clustered data sets and reports associating GERD with varying conditions have been reported
from different regions of Pakistan over the years. The risk factors vary and there is a need to identify the trends of
GERD generally found among the Pakistani population.

Therefore, it needs the attention of healthcare service providers and regulatory authorities to carefully manage the
disease. It requires not only the preventive measures, but also the ground knowledge of disease prevalence, symptoms,
and associated risk factors. A better diagnosis would only be possible if this epidemiological data would be made
available and is critically analyzed to identify its relevance with other disease cases as well. This study, therefore, would
assist in better diagnosing of GERD by carefully analyzing the risk factors, symptoms and prevalence of the disease.
Moreover, identifying these factors would enable to educate and increase the awareness about GERD in population,
which would have a better impact in controlling and monitoring the disease.

This study will also help us in identifying the risk of developing other diseases that are also associated with similar
conditions. Therefore, both the diagnosis and treatment options in Pakistan need to be reviewed and revised with the
concrete set of guidelines which are to be followed throughout the country. Analyzing the disease progression and risk
factors from different cities and districts can help in ensuring that a meta-analysis-based research helps in adding to the
demographic and epidemiological data related to the prevalence and complications of GERD among the Pakistani
population. It is also important to work towards the development of a questionnaire in future researches, through data
based on machine learning, which is specific to the Pakistani population and has been tested and validated in the same
region. Through questionnaire testing and more validated comprehensive data can be collected in the future researches
which in return help to predict, monitor and cure this disease more efficiently and thus, reducing the burden from
economy.
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