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ABSTRACT

Pediatric obesity patients are required to be continuously tracked by the health
experts for providing more efficient treatment. This thesis discusses the design,
implementation, and potential use of an ontology based mobile obesity management
and consultation system which is a smart consultation and tracking system for
children and adolescent patients during their treatments. The system does not only
share instant gathered medical data to a physician but also examines the data as a
smart medical assistant. The system includes an ontology-based inference engine, is
a decision support module, and provides suggestions as supportive treatment steps to
gain personalized appropriate dietary habits and physical activities. The applied
methodologies and main technical contributions are discussed as three aspects: (1)
Obesity Tracking Ontology, (2) Semantic Web Rule Knowledge base and (3)
Inference Engine. In this thesis, unlike the other similar studies, ontology and rule
based smart medical assistant which have different functionalities from adults’
obesity management is considered especially for obesity management of children and
adolescents. The system also includes intensive pediatric health care expert
involvement. The reported results of the applied case studies are promising in
demonstrating the applicability, effectiveness and efficiency of the proposed

approach.

Keywords: Pediatric patient, obesity, pediatric patient obesity tracking, knowledge

base, expert system, ontology, SQWRL, SWRL rule



0z

Pediatrik obezite hastalarinin daha etkili tedavi saglamak icin saglik uzmanlar
tarafindan siirekli olarak izlenmesi gerekmektedir. Bu tez, ¢ocuklar ve ergen hastalar
i¢in tedavileri sirasinda akilli bir istisare ve izleme sistemi olan ontoloji temelli mobil
obezite yonetimi ve danisma sisteminin tasarimi, uygulanmasi ve potansiyel
kullanimini tartismaktadir. Sistem sadece toplanan tibbi verileri bir uzmanla
paylagsmakla kalmaz, ayni zamanda verileri akilli bir tibbi asistan olarak inceler.
Sistem, ontoloji temelli bir ¢ikarim motoru igererek, bir karar destek modiilii olarak
kisisellestirilmis uygun beslenme aliskanliklar1 ve fiziksel aktiviteler kazanmak icin
destekleyici tedavi adimlar1 olarak onerilerde bulunur. Uygulanan metodolojiler ve
temel teknik katkilar iic agidan ele alinmaktadir: (1) Obezite Izleme Ontolojisi, (2)
Anlamsal Web Kurali Bilgi tabani ve (3) Cikarim Motoru. Bu tezin ¢iktisi, diger
benzer ¢aligmalarin aksine, yetiskinlerin obezite yonetiminden farkli islevleri olan
ontoloji ve kural tabanl akilli tibbi asistan, 6zellikle ¢ocuk ve ergenlerin obezite
yonetimi igin kullanilmaktadir. Sistem ayni zamanda yogun olarak ¢ocuk sagligi
uzmant katilimini da igermektedir. Uygulanan vaka c¢aligmalarinin rapor edilen
sonuglari, Onerilen yaklasimin uygulanabilirligini, etkililigini ve verimliligini

gdstermede umut vericidir.

Anahtar Kelimeler: Pediyatrik hasta, obezite, pediyatrik hasta obezite takibi, bilgi

tabani, uzman sistem, ontoloji, SQWRL, SWRL kurali
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Chapter 1

INTRODUCTION

World Health Organization (WHO) defines obesity as abnormal or excessive fat
accumulation that presents a risk to health [1]. In recent studies, it is known that
various health problems have arisen due to feeding-related disorders especially
during childhood and adolescence. One of them being obesity that has recently
become a prevalent public health problem. Obesity may promote the risk for diseases
such as diabetes, stroke, arthritis, some types of cancer and many more other health

problems [2].

To prevent irrevocable consequences, self-monitoring of calorie intake and physical
activity are critical and required behavioral changes, especially in childhood and
adolescence. Conventionally, pediatric obesity patients are examined on a regular
basis, the measurements are compared against pre-defined percentile values and the
development of the pediatric patient is examined. The comparisons indicate several
suggestions for the pediatric patients, that are proposed by the health expert to the
patient as treatment advices. The suggestions are constituted by considering: (1)
patient profile information, (2) medical background such as past/available diseases of
the patient and the first/second degree relatives, and (3) decimal age, height, head
and waist circumference, weight etc. which are presented as key metrics of the

pediatric patient.



It can be said that obesity can be pragmatic and may cause irrevocable changes in the
long run (i.e. Type 2 diabetes, certain types of cancer, heart diseases, sleep apnea,
etc.) if individual-based treatment is not applied properly. Therefore, like all other
health problems it is important to detect obesity at childhood and adolescence stage
and form individual-based treatments accordingly [3]. In addition, ontology and rule
knowledge-based smart medical solutions are very useful for early detection and
tracking of obesity. Recently, major number of obesity management consultation
systems are being developed for adults in general, are discussed and published in
many recent studies. Unfortunately, the number of existing obesity management
consultation systems for children and adolescent patients in software product markets
is not sufficient. Therefore, the available systems do not include critical functions for

pediatric obesity management.

This thesis discusses the design, implementation, and potential use of an ontology
based mobile obesity management and consultation system for children and
adolescent patients which infers and provides certain supportive dietary habits and
physical activity suggestions as treatment steps. Proposed system provides remote
consultation and tracking of child and adolescent patients during their treatment. The
ontology-based decision support module (its inference engine) deduces a
personalized supportive dietary habits and physical activity suggestions as treatment
steps and makes the system acts as a smart medical assistant. The ontology
knowledge base of the system is created using the following components: (1)
ontology classes involving the “is a” relationship to form individuals and inheritance

elements (2) object type and data type properties to provide the required key metrics



to calculate necessary inferred metrics for obesity management (3) semantic rules for

implementing the inference engine of the proposed system.

In this thesis, the system architecture, working mechanism and user functionalities of
the proposed system are discussed. Clearly, three main technical contributions are
deliberated in next sections which are: (1) Obesity Tracking Ontology (OTO), (2)

Semantic Web Rule Knowledge base, and (3) Inference Engine.
1.1 Problem Definition

1.1.1 Obesity

Abnormal or excessive fat accumulation that presents a risk to health is presented as
obesity by the WHO [1]. Obesity may be a result of the calorie intake as well as
dissipated energy imbalance. Calorie intake is closely related with obesity as if
calorie intake goes beyond the calories burned, the risk of obesity increases
considerably. According to WHO, in 2014, 13% of the world’s adult population were
found to be obese. In addition to this statistical data, it was predicted that 41 million
children under the age of five, were declared to be obese. This fact has resulted in
more deaths worldwide than those suffering from being underweight [1]. There are
guidelines for the management of obesity to determine how obesity can be prevented
or treated [4] [5] [6]. These guidelines suggest that obesity management should focus
more on body composition improvement. Improving body composition can be
achieved by increasing fat-free mass and in contrast reducing fat mass and waist
circumference [4] [7]. Waist circumference is an important component for
determining more accurate abdominal fat measurements [5]. This approach may be a
useful tool in measuring fat free mass before and during obesity treatments [7] [8]

[9]. If these guidelines are followed, significant clinical benefits may be achieved.



These benefits include required amount of weight loss and an improved nutritional
diet. In addition to this, increment of physical activity improving general fitness is

promoted [10] [11].

A study conducted by certain researchers (Sharma et al., 2017) has shown that
though two-thirds of Americans are overweight. The general public’s perception of
their weight has been preventing them seeking information and advice about obesity
[12] [13]. Methods such as Cognitive Behavioral Therapy (CBT) facilitate better
obesity management and can help overcome these barriers. CBT addresses behaviors
that are required to be changed for successful weight loss and weight loss
maintenance [13] [14] [15]. This means that CBT can constitute a long-term
treatment and a prevention technique. A review of factors associated with successful
chronic disease management showed evidence supporting the effectiveness of
interventions to support self-management by patients [16]. These factors included a
multidisciplinary program, a collaboration between a highly motivated patient and a

committed and experienced team of health professionals [17].

The usage of internet on mobile devices is rapidly increasing each year as 80% of
internet users have been cited as owning smartphones [18]. In addition to this, a
recent study of 1,604 US smartphone owners conducted by a NYU Langone Medical
Center shows that 58% of smartphone users have downloaded health-related
applications (apps). The survey also identified that the users mostly likely to use a
health app were often young, with a high income, good educational background and

had a Body Mass Index (BMI) value in the obese range [19].



Upon further systematic review of research articles it has been determined that, self-
management and health expert inclusion are critical components of obesity
management. These aspects can allow patients to monitor and control their calorie
balance more effectively. Compounding individual based health expert feedback
with a better understanding of the patients’ condition, allow individuals to maintain
an ideal BMI. Individualized feedback to patients was found to be far more effective
in behavioral change. These findings support the usefulness and needfulness for
development of electronic health systems such as mobile health (m-Health) apps to

improve obesity self-management and other chronic health conditions [16].

In addition to the points discussed above, nowadays pediatric obesity is one of the
most widespread health challenges [1]. To the best of our knowledge, there are
several reasons that can cause obesity. Primarily, the major cause of obesity is
inactivity for obese individuals. To be clear, individuals can be candidates for obesity
because of their excessive calorie intake and insufficient activity. Secondly, there are
many elements that take place in our life with the developing technology. One of
these is extensive usage of smart devices. At present, most family members have at
least one smart device. Due to the intensive use of smart devices, the physical
activities of family members have decreased, resulting in a significant decrease in
their quality of life. This situation is an open invitation to obesity problem especially
in childhood period which emerges as an important pediatric health problem.

Another reason can be hormonal problems which can also cause obesity [20].



1.1.2 Obesity in Pediatric Patients

Childhood obesity is a worldwide challenge in the current century. Cali et al. [21]
have stated in their conducted study that about 110 million children in global are
overweight or obese. Obesity can be controlled and treated if detected at an early
stage preventing irrevocable consequences as mentioned. Tracking the improvements
is a crucial component of obesity treatment. Next section reveals more information
about the literature review conducted about systems related with obesity tracking and

concepts that must be used when considering obesity.



Chapter 2

LITERATURE SURVEY

Some decisive scientific research studies found about obesity management during
childhood and adolescence in the literature and several m-health apps in mobile
markets are deliberated in this section. The studies and the m-health apps are
especially criticized to understand recent developments on obesity management
during childhood and adolescence. The acquired outcomes of the analysis have been
emerged essential metrics and significant functions of the obesity management
during childhood and adolescence. These essential metrics are described as
background in the next section. Therefore, in this section, important requirements
and functions for obesity control in children and adolescents have been revealed
through the comparative analysis based on the decisive research studies investigated,

and mobile apps found in mobile markets.

There are some crucial concepts and strategies that are deliberated by some
researches (Pagoto et al., 2013) in the study conducted. It is believed that these
strategies would be good contribution as evidence-based strategies when included in
obesity management solutions [22]. Besides, it is known that behavioral change is
required for efficient obesity management, and the evidence-based lifestyle
interventions reflect behavioral weight-loss strategies. Table 1 summarizes the
categorization of the evidence-based strategies that are to be considered in obesity

management solutions [23].



Table 1: Evidence-based strategies [23]

Concepts Description

Self-Monitoring Self-monitoring capabilities for weight meals and nutrition

Goal Setting Goal setting with/without customization

Healthy Eating Healthy eating support including information, education
and skills development

Physical Activity Physical activity support development

Social Support Personalized social support

Weight & Health | Assessment with/without personalization
Assessment

Motivational Strategies including prompts, rewards, or gamified design
Strategies
Feedback Personalized feedback

In this thesis, the literature review is conducted based on the above-mentioned
concepts and inclusion criteria. Therefore, the obtained results are categorized in

three primary research areas.

Table 2 summarizes results of the research about obesity management from the
reviewed related articles, research projects, and mobile apps. The first research area
(labeled as MS in Table 2) is about recent mobile and Web based system proposals
about obesity management in literature. Various research articles are investigated and
some of them are discussed to indicate the required information based on obesity
management during childhood and adolescence. Furthermore, how such systems

effect their users is discussed.

The second research area (labeled as AA in Table 2) is about key and inferred
metrics for obesity management which are crucial metrics to assess obesity risk
during childhood and adolescence. The aim to examine these research articles is to

reveal the basic principles of pediatric obesity control (e.g. percentage, BMI, z-score,



waist circumference, etc.) and obtain a basis for development of the proposed

system.

The third research area (labeled as MA in Table 2) is conducted to find out current
mobile apps and systems in markets for obesity management. The mobile apps found
are analyzed to reveal most critical functions which the ways can be to cope with
obesity especially during childhood and adolescence periods. In our research,
English language smartphone apps from the Apple and Google Play mobile markets
dealing with obesity control are mainly selected. The search terms “weight loss” and
“obesity” have been used to find out close apps. The apps are selected which allow
their users to track their obesity risk (e.g. BMI tracking, calorie consumption tracker)
and/or guide them about obesity control such as giving cooking tips, preserving tip,
proper diet plan, health tips etc. Entire features and functionalities of the apps
selected have independently assessed by two software engineers for defining
requirements to develop advance apps or systems. The outcome of the market
research with the “Obesity” term produced 250 hits on the Google Play store. Of the
250 hits, the search identified 34 of the apps as relevant to obesity management, of
which 9 met the inclusion criteria (evidence-based strategies). Moreover, out of 9
apps, only one app incorporated all suggestions for patient-focused obesity
management from the guidelines provided in this review, including a BMI calculator,
body fat percentage calculator, aerobics exercises for weight management, diet plans,
and calorie burning charts. Furthermore, the application offers protocols for holistic

techniques for weight-loss, as weight is the major catalyst cause of obesity.



The essential metrics in childhood and adolescence obesity management are
described as background in next section. After that, important requirements and
functions for obesity control in children and adolescents have been revealed through

the comparative analysis based on investigated decisive research studies and mobile

apps.
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Table 2: Results obtained for the first, second, and third research categories

#

[22]

[26]

[27]

[28]

Area

MS

MS

MA

MS

Content

Objective
Developing a mobile system
to increase physical activities
and reduce time spent in

front of screens during
adolescence.
Developing an ontology-

based system for chronic

diseases  (chronic  kidney
disease is taken as the
domain).

Evaluates existing apps that
are developed for
diet/nutrition and

anthropometric tracking.

A survey study is performed
to indicate the impact of
mobile apps on obesity-
related anthropometric,
psychosocial and behavioral
outcomes in adolescents and
children.

Strategies Used
Self-determination theory (theory
of motivation) [22] [24] and
social cognitive theory (related to
how individuals acquire
knowledge by observing others)
[22] [25] used as strategies.
Semantic rules and ontology as
knowledge base for providing
dietary consultation.

An assessment of top-rated apps
found in iTunes App Store is
carried out using predetermined
inclusion/exclusion criteria.

Examined articles are classified
accordance with required criteria

that constitute the effect of
mobile apps on childhood
obesity.

Results
Additional strategies are
required to increase app

usage (The app was not used
as expected).

Although there are some

restrictions of the
ontological knowledge-
based systems, a pilot

system has been developed.
Half of the examined apps
were concluded to be
behavioral and the other half
as cognitive.

The  articles  surveyed
investigates two  obesity
groups. One group used
mobile apps and the other
(control group) does not.

Outcome

Investigates the effect of
MSs on obesity
management.

The system results from the
inference  and  manual
dietician calculation and
suggestions are the same.

Comparative analysis of

existing apps in iTunes
store.
The results indicate

comparisons of two groups
in terms of anthropometric,
psychosocial (related with
the knowledge, attitude and
motivation), and behavioral
outcomes (related with goal
setting,  diet,  physical
activity and screen time).



Table 2 (continued)

[29]

MA | Searching available apps
including  evidence-based
strategies (personalized
feedback, health care expert
involvement, etc.) in mobile
markets.

625 apps for 4 operating systems
(10S, Android, Blackberry,
Windows) are examined.

Only 393 apps were found
suitable and included any of
evidence-based strategies.

results of
in  mobile

Comparative
existing apps
markets.

[30]

[31]

MA | Analyzes the content of apps
of iPhone/iPad with regards
to two critical behaviors for
weight loss, healthy eating
and physical activity for

pediatric patients.

BMI is a less effective
method for early childhood
obesity. Waist
circumference is a more
accurate measure than BMI.

AA

57 apps downloaded, tested with
regards to 8 intervention strategies*
and 7 behavioral targets**
recommended by Expert
Committee for Pediatric Obesity
Prevention (ECPOP).

The growth patterns are calculated
by age and gender in 0-6-year-old
children in quarter year intervals
except for 0-28-day newborn
period (WHO suggests growth
patterns to be documented in
intervals shorter than 3 months)

61.4% (35 apps) of the
reviewed apps do not utilize
any of the ECPOP
recommendations.

WC together with BMI is a
useful clinical tool to detect
preschool age children who
may be at a higher risk of
obesity and cardiovascular
diseases.

Comparative  results  of
existing apps in iTunes
store, overall idea of the
criteria and
recommendations that
should be included in these
apps to make them
sufficient.

Detailed information about
waist circumference metric
that can be used for an
accurate personalized
treatment and prevention of
obesity in
children/adolescents.



Table 2 (continued)

[32] | AA

Integrate the existing updated reference
standards for the growth of Turkish infants
and children, compare these with WHO
reference data, data from some European
countries and with previous local data.

LMS method [33]
was used in analysis
and construction of
the percentile charts.

Weight and height values in

Turkish  children  were
slightly higher and showed
higher values for head

circumference compared to
WHO reference data.

Detailed information about
LMS method, percentile
and z-score usage for
analyzing and comparing
different data. Tables of
reference values for
children/adolescents for
different percentiles and z-
SCOres.

[34]  AA

Give detailed information about obesity

and recommendations and prevention
techniques that should be included
treatment.

Detailed information about
obesity and
recommendations that
should be followed for
treatment and prevention
techniques.

* The eight intervention strategies recommended by ECPOP are (i) calculate and plot BMI over time, (ii) assess motivation to make c