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ABSTRACT

There is a gap between the amount of medication information desired by patients and
information provided to them by health care providers at the point of care. To address
unmet drug information needs for patients, this research takes a knowledge management
approach to design and develop an ontology-driven knowledge-based system with the
goal of providing patients with personalized medication information about their
prescribed antidiabetic drugs. The evaluation results demonstrated the technical
feasibility and application prospects of our solution to inform patients on elements of
medication information in anti-diabetic drug regimens during their office visits.
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CHAPTER ONE: INTRODUCTION

1.1. Introduction

Patient-centered care (PCC) is widely accepted as a measure of the quality of care and is
defined as “providing care that is respectful of and responsive to individual patient
preferences, needs, and values and ensuring that patient values guide all clinical
decisions” [1]. The definition of patient-centeredness can vary depending on the area to
which it is applied, such as public policy perspective, economic perspective, clinical
practice perspective, and patient perspective. In the context of clinical practice, PCC
recognizes the patient as central to care provision. It requires a patient-provider
relationship in which the patient’s preferences and perspectives are taken into
consideration when providing care [2]. Additionally, it requires the patient to be involved
in their own care by empowering the patient with the requisite knowledge and skills [3].
Patient-centered practices include tailoring treatment plans according to the patient’s
needs, involving the patient in treatment decisions and enhancing communication
between the patient and health care providers in an effort to achieve shared decision

making [4].

Adherence to a long-term therapeutic plan is essential for the treatment of chronic
conditions such as diabetes and hypertension. Poor adherence to long term therapies leads
to poor health outcomes and increased health care costs. Patients who struggle with
treatment adherence are reported to face a lower quality of life [5]. In addition, low
adherence to the prescribed medical treatment is associated with higher hospitalization
rates and higher medical costs [6]. Still, poor medication adherence remains a major
challenge in the management of chronic conditions, causing a significant financial burden
on the health care system [5], [7]. Patients with hypertension and diabetes, and those
within the 18-29 age range are reported to have only a 50-55% medication adherence
rate, with adherence improving as patients grow older [8]. In agreement with previous
studies, a report from the World Health Organization highlights the poor adherence to

treatment of chronic condition as a complex public health consideration across the globe



with 50% adherence rate in developed countries and a much lower rate in developing

countries [9].

A wide range of factors can contribute to the low adherence to the therapeutic plan and
includes both patient-related factors and therapy-related factors. Examples of patient-
related factors are patient demographics (e.g., age, gender), patient beliefs and
motivation, patient knowledge, patient diet, patient smoking and drinking habits, and the
patient-provider relationship [10]. Research has found that when patients are informed
and engaged about their care, they are more likely to play an active role in their own
health and maintain healthier habits. This is essential in the management of chronic
conditions. Patients with knowledge and confidence to take action are reported to
demonstrate higher self-management behaviors, higher medication adherence, and a
higher self-reported quality of life [11], [12]. Therefore, undertaking the patient-centered
approach plays a major role in influencing treatment adherence in the management of

chronic conditions.

The elements of patient-centeredness that affect adherence include communication,
shared decision making, and support for self~-management [2]. The association between
patient-provider communication and medication adherence has been extensively
confirmed in the literature. A meta-analysis about the association between physician
communication and patient adherence to treatment has assessed studies published from
1949 through 2008 and reports that poor communication between the healthcare provider
and the patient is described as the main contributing factor to poor adherence [13]. Health
care providers have to explain the condition and the treatment plan to patients in a way
that patients would have a clear understanding of benefits and risks associated with their
treatment [7]. Taking the patient-centered approach to improve patient-provider
relationship is reported to positively influence the level of adherence to a diabetes
treatment plan [14]. Tailored information needs to be provided to patients about their
treatment enabling them to make informed decisions and healthier choices regarding their
own care. Research has shown that three main questions from a patient perspective may

guide the discussion during the patient’s visit:

1. What are my options?



2. What are the possible benefits and harms of those options?

3. How likely are the benefits and harms of each option to occur?

These questions can assist health care providers with organizing information to present to
patients with the goal of promoting shared decision making [15]. In addition, literature
shows that providing patient education will improve the understanding of medication

treatment and instructions and may lead to higher medication adherence [7].

Literature shows that 34% of overall questions raised by health care providers (HCP) are
associated with drug treatment; of which, questions concerning patient education on
prescription drugs varies from 4% to 19% of the questions [16]-[18]. The chances of
patients asking questions doubles when they are prescribed a new medication [19]. One
of the core components of promoting rational use of drugs is patient education on
medicines they receive [20]. This includes information on use instruction, side effects of
the drugs, drug-drug interactions (DDIs) and potential adverse drug reactions. Therefore,
informing patients on different aspects of their prescription drugs is central to promoting

patient involvement [21].

1.2. Problem Statement

Many patients diagnosed with type 2 Diabetes (T2DM) take several medications perhaps
due to the co-existence of other chronic conditions. Higher number of drug prescriptions
increases the risk of adverse drug reactions (ADRs) and unwanted drug interactions [22].
Patients have indicated their desire to discuss basic information such as drug purpose and
instruction in addition to detailed information about their medications including side
effects, and ADRs for newly prescribed medication [23] [24]. Patients’ satisfaction with
the amount of information they receive about their medication has been associated with
adherence to drug therapy [25].In practice, however, different aspects of prescribed
medication including expected side effects and important ADRs are minimally described
for patients mainly due to time constraint during office visits [22]-[24], [26]. This creates
a gap between the amount of information desired by patients and the level of information

they receive from their HCPs.



Diabetes Canada (formerly known as the Canadian Diabetes Association) offers
comprehensive resources for patients on their website including educational content on
pharmacologic therapy for T2DM such as summary information sheets for any anti-
diabetic medications approved in Canada [27]. Despite tremendous effort, these
education materials provide general information about medications without consideration
of any patient characteristics. Appendix A presents a sample of metformin drug

information sheet offered by Diabetes Canada.

In addition to government-funded websites, several consumer health information
websites offer patient education on the web. WebMD [28] is a commercial website
providing extensive drug information to patients including uses, side effects, precautions,
interactions, and user reviews. The drug interaction checker on their website is a useful
tool for patients to examine any potential interactions among their prescribed
medications. However, information available on WebMD does not answer questions
regarding patients’ individual drug therapy and it is not customized to their individual
needs. For instance, patients must manually enter the two drugs of their concern in order
to get more information about possible interactions. Similar challenges apply to
MedlinePlus [29], a US government-funded website aimed at providing consumer health
information. Information on drug adverse effects on their website does not differentiate
between various adverse effects within specific age ranges or any other patient factors

that may influence adverse effects of medications.

Many factors affect the occurrence of ADRs for patients with T2DM. For instance, drugs
that are intended to treat hypertension can impact the response of the body to anti-
diabetic drugs for patients who have both T2DM and hypertension. Other than drug-
related factors, patient-related factors such as age, sex, weight, dietary habits, smoking
and drinking habits, and existing medical conditions can have a major impact on ADRs in
patients with T2DM [30]. Therefore, to promote patient involvement in hopes of
achieving higher drug adherence, a point-of-care health informatics solution is required to
support HCPs in providing personalized drug-related educational materials to patients
with T2DM that describes the risk of ADRs by taking all patient-related and drug-related

factors into consideration.



1.3.  Research Objective

The primary goal of this thesis is to design and develop a proof-of-concept web-based
education system that could be used at the point-of-care by HCPs to provide personalized
information about diabetes drug regimens for their patients with T2DM. We call this

Diabetes Personalized Drug Information System  (DPD(S) for patients with T2DM.

To achieve this goal, the objectives of this thesis are to:

1. Investigate and identify areas of medication information that are frequently
sought by patients with T2DM;

2. Investigate and identify contextual factors that need to be considered to tailor
medication information based on patients’ individual needs;

3. Represent the obtained knowledge in a formal machine-readable format in an
ontology-based knowledge model; and,

4. Provide tailored information to patients with T2DM about risk of potential

ADRs considering their underlying risk factors including potential DDIs.

1.4. Solution Approach

The underlying principle that guided this thesis is employing the patient-centered
approach and using knowledge management processes for the purpose of providing
tailored educational information on prescribed medication for patients with T2DM.
Fundamental principles of PCC can be broken into two main concepts: i) a patient-
provider relationship that supports patient involvement, and, ii) individualized care
according to the patient’s own needs and preferences [2]. By taking the knowledge
management approach, we are able to individualize medication information given to
patients. This leads to patient empowerment where patients can make informed decisions
and can participate in discussion about their therapeutic plan [31]. Figure 1-1 shows the

vision behind our proposed system.

As presented in figure 1-1, on one hand, there is a gap between drug-related information
sought by patients and information provided to them during interaction with their HCPs
[22]-[24]. On the other hand, individualized medication information is a prerequisite for

providing PCC and achieving higher medication adherence in patients with T2DM [32].
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Our health informatics solution (DPD(DS) is a proof-of-concept knowledge-based system

(KBS) that uses the knowledge base developed in this research to provide appropriate

educational drug-related information to patients with T2DM.

Patient-provider Relationship Individualized Patient Education
* Physicians often fail to discuss * Multiple prescriptions for patients with
important elements of medication use T2DM due to comorbidities
* Gap between provided information by * Patients need to receive individualized
HCPs and desired information by e information about their treatment plan
patients * Information offered by HCPs are
* Unmet drug information needs perceived as inadequate by patients

\9/

Point-of-care Health Informatics
Solution
ﬁ Considering all factors affecting adverse
drug events
* Drug-related factors such as drug-drug
interactions, and number of prescribed
drugs
* Patient-related factors such as age, sex,
weight, dietary habits, smoking and
k alcohol habits, and existing medical /

conditiong

Figure 1-1 Vision behind the Diabetes Personalized Drug Information System

Taking the knowledge management approach, we will first identify the areas of unmet
drug information needs. Second, there are contextual factors that need to be considered to
enable delivery of individualized medication information. These can be related to patient-
related factors (e.g., age, sex, weight, dietary habits, smoking and drinking habits,
existing medical conditions) and/or drug-related factors (e.g., drug-drug interactions, type
and number of current medications). We will obtain the required information by
investigating various sources of evidence-based information about anti-diabetic drugs and

elements of medication information. Using ontology-based knowledge modeling, we will



then explicitly represent the obtained information in an ontology model. To allow
personalization of information, we will develop a set of rules in the semantic web rule
language (SWRL) that will determine appropriate patient-specific educational
information. Using an inference engine to reason with the knowledge base, DPD(DS will
identify risks and considerations related to a patient’s prescription and highlight possible
patient-specific ADRs that may occur based on the patient’s clinical information.

Subsequently, personalized educational content will be provided to patients.

To conduct this research, the following steps will be taken [33]. These steps will be
discussed in greater detail in the Research Methodology chapter:

1. Knowledge Acquisition:
a. Investigate drug information needs of patients with T2DM regarding their
drug treatment regimen.
b. Investigate type and other information related to anti-diabetic medications
currently being prescribed for patients.
c. Investigate and categorize risk factors associated with ADRs that may
occur for anti-diabetic medications.
2. Development of the knowledge base:
a. Represent the obtained knowledge using the ontology-based knowledge
modeling approach.
b. Develop a set of rules in SWRL to determine appropriate educational
information based on the patient’s profile.
3. Prototype Development: Using the inference engine, DPD({DS will draw
conclusions on patient-specific drug information and will subsequently present it
to patients.

4. Prototype Evaluation

The decision to use ontological modeling to express the concepts and relations in the
domain of anti-diabetic medication information was made due to the following reasons

[34], [35]:



e Ontologies provide the means for defining explicitly the terms and relations
behind the domain knowledge (i.e. anti-diabetic medication information)

e Using the formal logical language of OWL (Web Ontology Language) to specify
the domain knowledge allows us to create machine-readable knowledge that can
be processed by a computer while maintaining its semantic meaning.

e Additionally, using formal language for knowledge representation will allow us
to infer new knowledge from existing concepts based on the explicitly described
associations.

e Ontologies offer the possibility of sharing and reusing the existing knowledge
across applications, that is, ontology engineers can integrate the existing ontology
into the one they are designing.

e Ontologies enable interoperability between systems as the semantics in the

domain knowledge is specified in a well-defined and unambiguous way.

1.5. Thesis Contribution

In this thesis, we adopted the knowledge management approach to present a novel
solution for the provision of personalized patient education on medication information for
patients diagnosed with T2DM. Our prototype DPD(DS offers tailored information about
the prescribed anti-diabetic medications based on several patient-related factors such as
age, sex, smoking and alcohol habits, existing medical conditions as well as drug-related

factors such as concomitant drugs prescribed for the patient.

A primary contribution of this research is the development of an ontology-based
knowledge model that explicitly represents concepts and relations among those concepts
related to anti-diabetic medication information. The advantages of building such a

knowledge model include:

1. Providing common and standardized understanding for the domain knowledge of
anti-diabetic medication-related information, thereby allowing the domain to be
communicated to others without ambiguity.

2. Since the underlying conceptualization in the domain knowledge (i.e. anti-

diabetic medication information) is formally described in the developed ontology,



the knowledge can be reused and shared for building future knowledge bases in
similar domain areas. Our developed knowledge base can be extended to have

finer granularity with the addition of sub concepts.

In addition, we offer a solution for personalization through the development of a set of
SWRL rules that determine appropriate information to be communicated with the patient

based on the patient’s individual needs and underlying risk factors.

Furthermore, our proposed tool is another step in the direction of participatory decision
making by informing patients about their drug-related concerns and questions. While
patients can seek medication-related information from a variety of sources outside of
their physicians’ office including pharmacists and online resources, their HCPs remain
the preferred source of information [24]. We demonstrate how our tool can be utilized at
the point-of-care to provide tailored information for anti-diabetic medications that can
guide conversations between HCPs and patients with T2DM to better achieve shared

decision making.

1.6. Thesis Organization

The remainder of this thesis is organized as follows:

Chapter two presents the background information on T2DM and types of medications
that are currently used for diabetes management and medication knowledge using
semantic web technologies. Chapter three presents the research methodology employed.
Chapter four outlines steps that were taken to design and develop the DPD()S. Chapter
five demonstrates the scenario-based evaluation of the DPD(DS system and chapter six

covers discussion and conclusion of this research.



CHAPTER TWO: BACKGROUND AND RELATED WORK

2.1. Type 2 Diabetes Mellitus

2.1.1. Definition of Type 2 Diabetes Mellitus

T2DM is a chronic condition in which the body is not able to produce enough insulin or
to use it properly. Insulin is an essential hormone that plays a central role in regulating
blood sugar levels. As a result, T2DM is characterized by hyperglycemia which is a
medical term referring to high levels of blood glucose (high blood sugar). T2DM makes
up 90% to 95% of patients who are diagnosed with diabetes disease. The chronic
hyperglycemia of diabetes is associated with long-term complications with eyes, kidneys,
nerves, heart, and blood vessels [36]. Patients with T2DM have relative insulin
deficiency. Thus, they are not completely dependent on insulin treatment to manage their
condition. As hyperglycemia develops slowly, symptoms for T2DM may not be
noticeable enough for a patient to investigate further. Therefore, T2DM can go
undiagnosed for many years [36]. Obesity and weight gain are reported to be risk factors
for T2DM as obesity can lead to some degree of insulin resistance. Other risk factors that
are associated with an increased risk of T2DM include age and lack of physical activity
[37]. Additionally, underlying medical conditions including gestational diabetes,

hypertension, and dyslipidemia increase the risk of developing T2DM [36].

The main goal in diabetes management is to effectively control blood glucose levels. The
medical term for this process is called glycemic control. The treatment regimens to
achieve optimal glycemic control include a multifaceted long term approach including
lifestyle changes, weight reduction and the use of medication. While glycemic control for
some patients can be achieved with healthy nutritional habits and physical activity alone,
most patients require antidiabetic (also known as antihyperglycemic) medications to
prevent hyperglycemia and to reduce the risk of cardiovascular complications [38]. If
healthy behavioral interventions are not successful in achieving target glucose levels
within three months, the addition of prescription of antihyperglycemic medications is

required [36]. In the next chapter, pharmacotherapy approaches and the selection of

10



medications used in the management of T2DM based on 2018 Canadian clinical practice

guidelines will be described.

2.1.2. Pharmacotherapy in Type 2 Diabetes Mellitus

When prescribing medications for patients newly diagnosed with T2DM, health care
providers must take into account a wide range of factors including the degree of
hyperglycemia, medication efficacy for lowering blood glucose levels, medication impact
on the risk of hypoglycemia (medical term referring to a condition in which blood sugar
level is lower than normal), medication effect on body weight, the patient’s coexistent
medical conditions, affordability of the medication, the patient’s ability to adhere to the
drug regimen and the patient’s preferences [38]. Given the increasing number of
antidiabetic medications available on the market, Diabetes Canada has published a list of
recommended medications to treat D2T in their 2018 Clinical Practice Guidelines. These
recommendations are based on a detailed review of effectiveness and adverse effects of
the medications. The following section of the thesis summarizes the information about

medications that are currently prescribed for patients with D2T in Canada [38].

There are two types of antidiabetic medications: oral antihyperglycemic medication and
insulin. Metformin is an oral antihyperglycemic drug that is recommended to be
prescribed as an initial treatment for patients with T2DM, mainly due to effectiveness in
lowering blood glucose level, mild side effects, minimal risk of hypoglycemia and lower
weight gain compared to other antidiabetic medication classes including sulfonylureas,

thiazolidinedione and DPP-4 inhibitors [38].

If target blood glucose levels are not achieved with metformin monotherapy, a second
medication is required based on individual patient characteristics and drug interaction
with other drug agents. The goal with adding a second antihyperglycemic agent is to
improve the glycemic control, while considering the risk of hypoglycemia and weight
gain in addition to affordability and the effect on cardiovascular disease outcomes.
Diabetes Canada clinical guidelines recommend choosing a drug from medication classes
of DPP-4 inhibitors, GLP-1 receptor agonists or SGLT2 inhibitors as a second-line

therapy to metformin because hypoglycemia and weight gain effect in these classes are
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less than other antihyperglycemic agents. Table 2-1 presents the list of medication
classes, their respective drugs, and the effect on hypoglycemia and weight gain based on
the 2018 Canadian clinical practice guidelines for pharmacotherapy in patients with

T2DM [38].

Medication class Drug Hypoglycemia Weight
Biguanide Metformin Minimal Neutral
DPP-4 inhibitors Alogliptin Minimal Neutral
Linagliptin
Saxagliptin
Sitagliptin
GLP-1 receptor agonists ~ Exenatide Minimal Loss of weight
Lixisenatide
Dulaglutide
Liraglutide
SGLT-2 inhibitors Canagliflozin Minimal Loss of weight
Dapagliflozin
Empagliflozin
Alpha-glucosidase Acarbose Minimal Neutral
inhibitor
Insulin Bolus (prandial) Significant risk Weight gain
Insulins

Basal Insulins
Premixed Insulins

Sulfonylureas Gliclazide Moderate risk Weight gain
Glimepiride
Glyburide

Meglitinides Repaglinide Moderate risk Weight gain

Thiazolidinedione (TZD)  Pioglitazone Minimal risk Loss of weight
Rosiglitazone

Table 2-1 Antihyperglycemic agents for use in T2DM [38]

Adherence to a strict treatment plan including medication, diet and exercise is crucial in
controlling blood sugar levels, reducing risk of long-term complications such as kidney
failure and lowering risk of hospitalizations in patients with T2DM [39]. Lack of
adherence to T2DM therapeutic plan is associated with poor health outcomes, a high risk
of complications and increased service utilization. To minimize long-term complications
and to achieve optimal control of their blood glucose levels, patients with T2DM have to

follow a strict treatment plan including medication, diet and exercise [39]. Adult patients

12



with T2DM who are non-adherent to oral antidiabetic medication are at higher risk of
hospitalization [40] with research showing that higher medication adherence can decrease

the hospitalization rate by 23% [41].

Despite empirical evidence for the relationship between non-adherence to oral
antidiabetic medications and subsequent risk of complications and hospitalization [40],
[42], [43], poor adherence to medication regimen persists in diabetes management [44].
Research has demonstrated the effectiveness of educational interventions on enhancing
medication adherence for patients with T2DM. A wide range of patient education can
include topics on the disease, complications, medication, side effects, lifestyle changes,

and self-management skills [32], [45].

Additionally, patients’ understanding of their drug treatment plan and patient-provider
communication are reported to be main factors affecting adherence to medication in
patients with T2DM [32]. Patients who view their provider’s communication as good are
reported to have significantly higher adherence to their oral antidiabetic medication [46].
Patient-centered interventions such as providing education materials for patients and
encouraging them to ask questions have been shown to have a positive impact [47].
While there is overall agreement about the need of discussing medication information
with patients, there are varying perceptions on the appropriate health care professional.
Pharmacists are best equipped to address drug-related information needs of patients;
however, patients prefer to receive information on medication during the visit with their
physician [48]. Despite patient preference, pharmacists are reported to be the most
convenient source of information when patients need information as they are more easily

accessible [24].

2.2. Theoretical Frameworks for Health Information Seeking Behaviour

There are a number of frameworks in the literature related to Health Information Seeking

Behaviour (HISB). In this section a number of these framworks will be discussed.
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2.2.1. Health Information Search Model by Lenz et al [49]

Information seeking process is a part of the overall decision making process. Decisions
are made based on the sequential steps of identifying a problem, obtaining information
about various options, evaluating the options, choosing the best one among them and
taking action to resolve the problem or to achieve a goal. The second step of this process
which is obtaining information is commonly referred to as information seeking process.

Lenz et al., [49] propose six sequential steps related to health information search:

1- A Stimulus for health information search:
The first step in HISB is the presence of stimuli that would initiate the process of
information search by recognizing the gap between the information that is needed
and the information that is currently being held. Examples of such stimuli can be
selection of a health care service for a patient planning a surgery or achieving the
goal of optimal glycemic control and self-management for a patient with
T2DMM.

2- Information goal setting:
This step involves deciding aspect of information search such as deadline for
finding information, and type of information sources that can be used.

3- Decision point to determine if active information seeking is required
Once stimulus manifests itself, a decision has to be made to actively start the
process of information seeking. The judgement about the sufficiency of prior
information regarding the subject matter can impact this decision.

4- Search behaviour:
Once the decision is made to actively search for the information, HISB starts. The
act of search behavior is influenced by two elements: the extent and method of
search. In general, the obtained information increases as the extent of search is
increased. One of the methods for information search is through impersonal
information seeking which includes sources that are not personally known to the
patient including referral services or printed patient education materials and

online information sources. On the other hand, information can be sought through
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personal methods in which the source of information is known to the patient such
as the patient’s HPC, friends, and family.

5- Information acquisition:
Following each search activity, the relevancy of the obtained information is
evaluated to decide whether it enhances the information currently being held.
Subsequently, new information will be captured into memory.

6- Decision point regarding the adequacy of the obtained information
In this step, the captured information is evaluated to assess its adequacy. If
obtained information is considered inadequate, a decision has to be made to either

start a new search effort or terminate the search with current status of inadequacy.

Lenz et al.,[49] identify two outcomes for HISB including cognitive and behavioral
outcomes. Examples of cognitive outcomes are increased level of information, and
change in opinion and beliefs as a result of HISB process. Behavioral outcomes refer to
those that certain choices and decisions are ensued such as when patients use certain
health care services, following drug treatment plans, or making an effort in self-

management.

2.2.2. Comprehensive Model of Information Seeking by Johnson ez al., [50]

Combining three theoretical models of 1) uses and gratifications, ii) the health belief
model, and iii) a model of media exposure and appraisal, Johnson et al.,[50] have
developed a comprehensive model of information seeking that has been widely adopted
in the literature. In their model (shown in Figure 2-1), health-related factors are
considered to affect health information seeking. Demographic factors, one of the
components of health-related factors, include age, sex, education, and race. It is reported
that demographic factors have minimal impact on health information seeking [49].
Another component of health-related factors is direct experience with the issue, meaning
that if an individual has direct experience with a disease, either themselves or through
personal network, this impacts the importance of health information regarding the issue.
Perceived applicability of information to a problem (or salience) is another factor
influencing an individual’s motivation to seek information and it refers to how important

health information is for them. Last factor in this group is beliefs; the idea that when an
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individual believes there is an effective solution to solve a problem to achieve a goal,

information seeking is more likely to be undertaken [50].

Another group of factors that impact the act of information seeking in the model
proposed by Johnson et al,,[50] is information carrier factors, that is factors concerning
information sources. One such factor is characteristics of the information carrier such as
communication style or motives behind information that is offered. Utility refers to
relevancy of the information provided by the information resource to an individual. If this
information is perceived to be important and relevant to the needs of an individual, they

are more likely to engage in active information seeking [50]

Health-Related Information Carrier Information Seeking
Factors Factors Actions
) 1
[ Demographics [ Characteristics J
7 v
N
[ Direct [ Actions ]
Experience ) v ] A
h —b[ Utility
Salience J
J
A
[ Beliefs
J

Figure 2-1 Comprehensive Model of Information Seeking, adapted from Johnson et al.,

2.2.3. Integrated Model for Health Information Seeking by Longo et al., [51]

In an attempt to improve the previous frameworks, Longo et al., propose an integrated
conceptual model to capture interaction between health information, communication, and
information seeking of patients. While the Lenz et al., [49] describes two dimensions for
HISB namely extent and methods, Longo et al, focuses mainly on the method
dimension. In their model, they recognize that health information is not always
intentionally sought; still it can be acquired and may lead to significant health discovery.

They take this into consideration and as part of HISB in their model, the existence and
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importance of “passive receipt of information” is highlighted along with active

information seeking that are conceptualized in previous models [51].

Furthermore, in their model, the role of traditional print media including magazines as
health information source is emphasized in HISB of individuals despite new media such
as Internet is often recognized as health information sources of patients. Figure 2-2

illustrates the integrated model by [51].

/ Variables Influencing Patient/Consumer Information-Seeking \
Behaviors

Contextual Personal

Health status, health care structure, Demographic factors,

delivery of care, information socioeconomic factors, health

environment, information seeking for history, genetics, stress, education,

self, family member, or friend at risk culture, language, attitudes,

or with current medical problem, behaviors, current health status,

interpersonal social supports, cognitive ability, interpersonal

Qtworks communication motives /
v
l Health Information Behaviour
Active Information Seeking Passive Receipt of Information
* Patient/consumer is not aware of availah ﬂmsumer/patient does not receive information
information in traditional through traditional mass media, new media, or
mass media, new media, or through personal personal interactions.
interactions. » Consumer/patient receives information through
* Patient/consumer is aware of information traditional mass media, new media, or personal
but does not attempt to access it. interactions.
* Patient/consumer is aware of information « Consumer/patient receives information but
and attempts to access it. does not use it.
* Patient/consumer accesses information but < > « Consumer/patient receives information and
is not able to use it. uses it.
* Patient/consumer accesses information « Consumer/patient receives information but
and is able to use it. does not use it to make personal health care
 Patient/consumer accesses information but decisions.
does not use it to make personal health care « Consumer/patient receives information and
decisions. uses it to make
* Patient/consumer accesses information
Quses it to make personal /
A A

Patient/Consumer Outcomes
e Empowerment/Locus of
Control

o Satisfaction

o Activities of Daily Living

¢ Health Outcomes

Figure 2-2 Expanded Conceptual Model of Health Information Seeking Behaviors, adapted from|[51]
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This model was utilized in a qualitative study to understand HISB of patients with
diabetes in their attempt for diabetes self-management [52]. The findings of their research
underscore the significance of receiving passive information about diabetes in patients’
health information behaviour as one participant referred to television talk shows as
information source where she casually come across health information about diabetes.
Furthermore, the interaction between active information seeking and passive receipt of
health information was analyzed. Patients with diabetes acquire information from many
sources including websites such as WebMD, Mayo Clinic and government funded
websites such as American Diabetes Association, but the vast amount of available
information may lead to information overload. Therefore, patients with diabetes are
reported to rely on their HCPs as creditable source of information. During officer visits,
patients with diabetes tend to present information they acquired both passively and

actively for their HCPs confirmation [52].

2.3. Patient Medication Knowledge

Patient medication knowledge is defined as “awareness of the drug name, purpose,
administration schedule, adverse effects, or special administration instruction” [53].
Researchers have utilized different measures to evaluate patients’ knowledge of their
medication. Common measures used in the literature to assess medication knowledge

include:

1. Patient knowledge of the drug regimen which includes understanding of the daily
drug dosage schedule and administration of the drug.

2. Patient knowledge of drug purpose which refers to the patient’s perception of how
the drug can help with their condition.

3. Patient knowledge of common drug side effects which refers to the patient’s
understanding of potential side effects and adverse effects of the prescribed drug.

4. Patient knowledge of appropriate course of action when a dose is missed [53].

These knowledge measures collectively represent the overall state of a patient’s
understanding of their medication. There is wide variability among patients with respect

to the level of knowledge for each measure mentioned above [54]. Although there is
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varying level of knowledge, most patients tend to show higher levels of understanding for
the knowledge of the drug regimen and the drug purpose (knowledge measure #1 and #2
in the list) [53]. Using focus groups to investigate what patients want to know about their
medication, a qualitative study identified five areas of information topics desired by
patients including side effects and risk, treatment options, length of the time required for
taking medication, cost of medication, purpose and appropriateness of the medication

based on their individual situation [24].

There is no standardized assessment tool to evaluate the level of patient medication
knowledge. Several studies have defined and developed their own scoring system to
evaluate patients’ knowledge of medication. The Drug Regimen Unassisted Grading
Scale (DRUGS) has been developed to examine the patient’s ability to identify the
medication, open the right medication container, know the right dosage amount and know
the correct timing for taking the medication [55]. DRUGS, however, does not assess the
patient’s understanding of the purpose of the drug (i.e. the condition for which this drug
is prescribed) or possible side effects. To improve upon this grading scale, Marks et al.
propose the addition of two other knowledge areas leading to a four-point grading scale
(0-4) called the Medication Knowledge Score (MKS) that evaluates the patient’s
knowledge of medication name, medication dosage, medication purpose and potential

side effects [56].

The impact of patient medication knowledge on medication adherence is confirmed by
several studies [54], [57]. Higher levels of medication knowledge increases the state of
awareness of the condition for patients with T2DM and helps them understand the
positive impact of their medication on the management of their condition and prevention
of long-term complications [54]. In addition, patients who experience better
communication from their health care provider in a way that thorough medication

information is provided to them are reported to have higher rates of adherence [26].

While the association between general knowledge on chronic conditions and
treatment outcomes is well examined in the literature [58], only a few studies have
focused specifically on the link between knowledge about medication and

treatment outcomes (i.e. excluding assessment of knowledge in other areas). McPherson
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et al. investigate this relationship among patients with T2DM to determine whether
patients who are more knowledgeable about their diabetes medication are more likely to
have better blood sugar control. In their study, patient knowledge on diabetes medication
was assessed based on the patient’s understanding of medication name, reason for taking
the medication, timing to take the medication, side effects and what to do if they forget to
take a dose. Their findings show that patients with a knowledge score above average had
much lower blood sugar level than those who were less knowledgeable about their
medication, underlining the fact that a patient’s knowledge of D2T medication directly

impacts their glucose control [59].

2.4. Factors Affecting Patient Medication Knowledge

The level of patient knowledge on medication can be influenced by many factors
including (1) the medication requirement itself, (2) patient motivation and belief with
respect to taking medications, (3) family support, and (4) patient-provider
communication [53]. Medication requirements refer to the complexity of the drug
regimen including the type and number of medications, how and when to take them.
Patients’ beliefs refer to patients’ perceptions on the meaning of disease and treatment
options. Patients’ beliefs can influence their motivation to learn more about medications
prescribed for the treatment. For example, in some cultures taking Western medicines is
perceived as damaging for the body if taken long term and traditional medicine is
preferred. Family and social support is also shown to impact a patient’s willingness and
motivation to gain better understanding of the treatment plan [10]. The communication
between the patient and the provider and its impact on patient medication knowledge will

be discussed in more detail in the following section as it relates to the scope of this thesis.

2.4.1. Patient-Provider Communication as a Determinant of Patient Medication

Knowledge

Of those factors mentioned above, the patient-provider communication has a noticeable
and direct impact on all the knowledge measures discussed in section 2.2. The patient-
provider communication encompasses various elements which are presented in Figure 2-

3.
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Figure 2-3 Components of the patient-provider communication process [53]

As shown in Figure 2-1, one of the components of patient-provider communication that
affects the level of patient’s knowledge of their medication is patient satisfaction with the
extent of information they receive during office visits. Time limitations during visits are
recognized as a common barrier to providing all aspects of information about newly
prescribed medication [24]. As a result, some elements of medication information may be
traded off against basic information in the limited time allocated for a patient encounter
[26], [60]. When prescribing new medication, health care providers mostly discuss
general medication information including drug instruction and regimen, and are less
likely to talk about potential side effects during a patient’s visit. Consequently, patients
are mostly uninformed about drug sides effects and adverse drug effects [23], [24], [53],
[54] with one study reporting that communication around adverse drug effects as low as

15% of the time [26].

There are conflicting perspectives on the extent to which conversations about side effects
and adverse drug effects are beneficial for patients. From a patient perspective, they
largely would like to receive all the information about possible adverse drug effects of the

prescribed medication regardless of how mild or serious they are or how common or rare
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they are in order to help the patient make informed decisions about their care [24], [61].
However, providers often find it challenging to determine how much detail regarding
risks of adverse drug effects should be provided to patients, expressing concerns over
unnecessarily alarming patients [53] and stating that too much information about risks of
the newly prescribed medication can negatively impact the patients’ adherence to the

treatment [61].

Contrary to the fear on the part of health care providers, a randomized controlled study on
over two hundreds patients found that providing a verbal description of the drug and
potential side effects to the patients did not cause an increase in the reported incidents of
side effects or in decreasing medication adherence [62]. Similarly, another study
compared two patient leaflets about laparoscopy. The first leaflet was a generic one, and
the second one included detailed information about potential side effects. Results of their
study showed that the leaflet containing detailed risk information resulted in greater

patient satisfaction with information and no increase in patient anxiety [63].

Patients who expect more information on side effects and potential adverse drug effects
believe that understanding side effects of the drug will help them determine whether the
medication is the right choice for them given their personal beliefs and preferences [64].
For instance, consideration of possible weight gain, which is a common side effect in
many antihyperglycemic medications, is reported to affect patient’s preference for
treatment options and can contribute to poor medication adherence [65]. In addition,
knowing what to expect prior to taking medication and ways to recognize adverse effects

helps patients to be more prepared should adverse effects of the drug occur [64].

One in four patients visiting primary care clinics is reported to experience adverse drug
events related to prescribed medication. A large portion of such events could be either
completely avoided using computerized systems to prevent prescribing errors or their
severity and duration significantly reduced with better communication between providers
and patients. An example of such a case is when physicians fail to respond to symptoms
and when patients fail to report symptoms to their physicians or are not aware that such
symptoms are signs of adverse drug events related to their medications. Therefore,

improvement in patient-provider communication including the development of
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medication educational materials for patients is highlighted as a solution in the prevention

of adverse drug events among primary care patients [66].

Similarly, a systematic review of hospital admissions due to ADRs shows that on average
45% of ADRs leading to hospitalization are considered preventable, with varying
preventability rate from 16% in the pediatric population to 63% in elderly patients [67].
Patient education on drug information including dosage and administration, signs and
symptoms of drug adverse effects, and drug interactions is reported to help prevent

hospital admissions caused by ADRs [68].

In another study on ambulatory patients, patients’ knowledge about their drug regimen
and patients’ perception of the communication with their provider were examined in
relation to the occurrence of adverse drug events. The goal was to assess whether there is
any correlation between these factors and adverse drug events reported by patients. The
result of their regression analysis shows that patients with more drug knowledge are less
likely to be hospitalized due to drug-related issues. Furthermore, a correlation between
lack of patient knowledge of drug regimen and occurrence of adverse drug events was

established [69].

This is of particular importance amongst the elderly population with multiple chronic
conditions as they are more likely to be on a number of medications for a longer duration
of time. A study of patients aged 60 years of age or older reported that 73% of patients
were not provided any information on side-effects during their visits. As noted earlier,
patients’ understanding of possible adverse events is one of the components of
medication knowledge. Their study found that having multiple prescribed medication was
associated with a decrease of patients’ medication knowledge, especially with respect to
recalling possible side effects, putting patients at higher risk of experiencing adverse drug
events [70]. Therefore, it is recommended that health care providers explain common side
effects as well as serious adverse effects of the medication to patients during their visits.
In addition, providing supplemental printed material that covers more rare adverse effects
of the drug is suggested if the patient requests comprehensive information on the new

medication [61].
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To evaluate the quality of communication between patients and providers with respect to
new medication, Derjung et al. proposed a scoring system called Medication
Communication Index comprising of several topics that were recommended for discussed
at the point of care based on the guidelines including medication name, purpose of taking
the medication, duration of using the medication, adverse effects of the medication,
number of tablets and frequency of timing for taking the medication [26]. Additionally,
patients have expressed the need to receive education on their medication both verbally at
the time of visit and in written format with a one-page summary in lay terms allowing
them to easily recall helpful information without being overwhelmed with medical jargon
[64]. Failure to cover these topics thoroughly may create a feeling of dissatisfaction for
patients, prompting them to seek answers from alternative sources of information

including pharmacists, medication package inserts and the internet.

2.5. Patient-Centered Interventions on Medication Knowledge and its Impact

on Medication Adherence

Several studies have explored strategies to improve patients’ knowledge of their
medication and the related effect on medication adherence. A medication review led by a
pharmacist that included a thirty-minute one-on-one counseling session has identified
several knowledge deficits among patients at baseline prior to the intervention which
included medication dosage, medication frequency, medication administration instruction
and the reason for which medication was prescribed. An assessment of the patient’s
medication knowledge after the medication counselling was completed showed
significant improvement in all areas of the knowledge deficits in addition to an increase

in medication adherence rate among patients [71].

Similarly, in another study, standardized education covering the importance of adherence,
purpose for each prescription and barriers to medication adherence was provided by the
study pharmacist to the patients. In addition, a medication card, a list of tips on taking
medications consistently, and a pillbox were also provided to patients. Their findings
showed higher medication knowledge and prescription refill records among patients in

the intervention group [72].
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Researchers in another study employed a structured individualized information sheet
generated via health technology solutions comprising of drug name, does and frequency,
purpose of the drug, side effects and considerations. Based on the generated sheet,
different knowledge areas for each prescribed medication was described verbally for
patients in the intervention group and the printed information sheet was also provided as
supplemental material. Their findings show that higher levels of medication knowledge,
in particular knowledge on possible side effects reduces the likelihood that patients

discontinue medication on their own [73].

There is wide agreement in the literature that provider communication with patients about
medication information is positively correlated with medication adherence. Patient-
provider relationship that is rooted in principles of patient-centeredness results in patients
being informed about their drug regimen, being motivated and willing to gather

information that will help them comply with their therapeutic plan [13].

2.6. Related Work in the Area of Diabetes Care and Medication Information

Using Semantic Web Technologies

Various research efforts have been focused on ontology-based systems in the domain of
diabetes care and medication knowledge. Chen et al. propose a rule-based system that
will recommend an appropriate combination of antihyperglycemic drug therapies [74].
As discussed in section 2.1, if glycemic control is not achieved with monotherapy, a
second antihyperglycemic drug is recommended as an add-on to metformin. When
selecting the right combination of drug therapy, physicians have to take the patient’s

current risk factors into consideration [38].

With the help of domain experts and clinical practice guideline for T2DM, the proposed
system by Chen et al. considers five underlying risk factors pertaining to an individual
patient: the hypoglycemia effect of the drug, having heart failure, having a
gastrointestinal dysfunction test, liver function test and renal function test. Based on the
results of these risk factors and the blood glucose level, six (Semantic Web Rule
Language) SWRL rules were developed in their system to recommend the most suitable

antihyperglycemic drugs to be prescribed. For instance for patients with T2DM with
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positive renal insufficiency test, only a subset of antihyperglycemic drugs available on

the market would be recommended [74].

Chammas et al. offers an application on mobile devices that can be used on a daily basis
to raise awareness for diabetes foot problems and to provide personalized support for
patients in the prevention of developing diabetic foot [75]. One of the diabetes
complications is limb amputation which is preventable if the patient is aware of the
symptoms and the extent of risk for ignoring foot care and consequently developing
diabetic feet. In their effort, an OWL ontology model was developed that stores the
patient’s supplied information as it relates to foot care such visual observation of the
patient’s feet, related symptoms for diabetic foot, lifestyle factors such as stress and diet
that can impact the development of diabetic foot and any laboratory tests pertaining to
diabetes foot care. In their application, SWRL rules have been used to enable reasoning
on the ontology model. This in turn provides personalized reminders and advice to the

patient for self-managing their foot care based on the information they provided [75].

Patients’ poor understanding of their medication is a key issue in developing adverse
drug events after being discharged from hospital. In an attempt to educate patients about
their medication, Adnan et al. propose a prototype system in which personalized
medication advice is provided to patients in their discharge summary that will assist them
in self-care management post discharge [76]. An ontology-based approach was
undertaken to model information related to a subset of high-risk discharge medication
classes that are reported in the literature to have the highest rate of ADRs. In their
ontology model, semantics of medication knowledge required for patients’ discharge
were defined including information about the side effects as well as appropriate patient
advice. The semantic recommendation engine then executes forward IF-THEN decision

rules to generate appropriate advice for the patient [76].

To prevent development of ADRs in patients taking non-steroidal anti-inflammatory
drugs, a KBS was developed by Jara et al. in which the patients’ intolerance to certain
active ingredients is checked with their patient profile [77]. Their proposed system is
based on an ontology knowledge base that represents the patients’ profile including the

semantics of patient information and allergic elements such as active ingredients that are
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intolerable to the patient. Additionally, the system also utilizes the Jess rule engine to
interact with the knowledge base to detect drug interactions and allergies for the anti-

inflammatory drugs taken by the patient [77].

Quinn et al. propose an ontology-based system to provide tailored educational messages
to patients with diabetes. Their ontology model represents knowledge around four
concepts: patient, medical conditions, physical activities and the educational content. The
latter covers patient characteristics, components of diabetes such as symptoms,
complications and treatments, and aspects of physical activity. The system is
personalized through decision rules that are developed in SWRL to choose certain
educational components that will be presented to the patient based on patient

characteristics and the elements of physical activities pertaining to the patient [78].

Table 2-2 summarizes related work in the literature regarding diabetes care management

and medication information.

Paper Personalization Knowledge Model Rules
Chen et al.,  The system uses the An OWL ontology SWRL rules are used
2012 patients’ test results and model that represents  to identify appropriate
other medical information  patients’ underlying antihyperglycemic
to recommend an conditions and medical medication to be
appropriate prescription for  tests as well as prescribed.
anti-diabetes medication. diabetes medication.
Chammas et  Based on observations, An OWL ontology SWRL rules are used
al., 2013 symptoms and medical tests model is used to store  to issue an appropriate
related to foot care supplied patient provided level of reminder,
by the patient. Reminder, information, reminder  advice or action for the
advice or action will be and advice messages.  patient’s foot care.
issued for the patient
according to severity level
of the reported information.
Adnan et al., The system uses knowledge An OWL ontologyis  Forward IF-THEN
2010 about the patient and used to represent rules are used to
discharge medications to knowledge about the determine
offer personalized patient, a set of high- medication
recommendations in their risk discharge information advice.
electronic discharge medications, and
summary. appropriate advice for
patients.
Jara et al., The system uses the An OWL ontology The Jess rule engine is
2010 patient’s allergic to define the patient’s ~ used to detect ADR,

information to provide

profile, including

drugs interaction and
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Paper Personalization Knowledge Model Rules
recommendation of its drugs concepts. allergies.
safety when taking non-
steroidal anti-inflammatory
drugs.
Quinn et al., The system presents An OWL ontology is SWRL rules are
2017 personalized educational constructed to utilized to determine a
messages to patients with represent selection of education
diabetes based on their characteristics of the materials based on
preferences and needs. patient, medical patient characteristics
conditions (symptoms, and elements of the
complications, patient’s physical
treatment), and aspects  activities.

of physical activities.

Table 2-2 Characteristics of Related Work in Diabetes Care
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CHAPTER THREE: RESEARCH METHODOLOGY

In this chapter, the problem statement and research objectives for this thesis will be
revisited as well as the theoretical underpinning that was used to guide the research
approach. Subsequently, research methodology for the design and development of the
proposed proof-of-concept DPD(DS that provides a patient-specific educational message

on anti-diabetic drug regimen to patients with T2DM will be discussed.

3.1. Problem Statement and Research Objectives

Educational interventions with the goal of enhancing medication adherence have been
proven to show positive results in health outcomes and adherence [71]. Therefore, it is
recommended that when prescribing new medication, health care providers educate their
patients on the medication name and its purpose, instruction on use (e.g., how and when
to take the medication), side effects and possible ADRs [26]. Patients with greater
understanding of medication-related topics can make more informed treatment decisions
and achieve higher rates of medication adherence. Education on new prescriptions is even
more imperative for patients with chronic conditions such as T2DM as they tend to have

a complex drug regimen with multiple medications.

In practice, however, it is challenging for HCPs to describe all aspects of medication
information to patients in part because of time constraints during the office visit.
Consequently, only general information such as drug name and instruction on use is
conveyed to patients, leaving most patients dissatisfied with the amount information they
received about the side effects and adverse drug effects of their medication [24]. Despite
communication efforts with patients having improved significantly in recent years,
information topics around side effects and possible ADRs are still minimally discussed
during the patient’s visit [23], [24], [26], creating a gap between the amount of

information desired by patients and the level of information provided by HCPs.

Drug information leaflets created by the manufacturer are available for the purpose of
patient education, but they contain lengthy and generic information and are not perceived

as an effective strategy to inform patients of the benefits and risks of their medications
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[79]. Educational content about anti-diabetic medications offered by Diabetes Canada
have similar limitations in that their materials provide general information about
medications without consideration of patients’ individual needs [27]. In addition to
manufacturer’s leaflets and government-funded websites, several commercial websites
such as WebMD [28] and MedlinePlus [29] offer drug-related information for consumers
including uses, administration and side effects. However, information on drug adverse
effects on their websites does not specify adverse effects within various age ranges or
consider any other patient factors that may influence adverse effects. A patient’s
vulnerability to experience ADRs is dependent on multiple factors such a age, number of

prescribed medications, underlying medical conditions, and drug-drug interactions [80].

In summary, the shortcomings of the provision of patient education on medication-related

information at the point of care are:

1- Due to the limited time during office visits, when prescribing new medication,
HCPs often fail to educate their patients on all aspects of medication information
including potential ADRs and possible DDIs. As a result, patients may have a
poor understanding of their drug regimen that could lead to poor medication
adherence or increased risk of ADRs [26].

2- A significant portion of ADRs leading to hospitalization are preventable with
better patient education [67]. Yet, current information produced for the purpose of
patient education is not tailored to patients’ characteristics including underlying
medical conditions or medication history. As a result, they are not suitable to fully
inform patients of the benefits and risks associated with their medication therapy
plan and educate them on signs and symptoms of possible ADRs[79].

3- Furthermore, with the abundance of online health information resources providing
consumer drug information, valid concerns have been raised by HCPs over the
credibility and accuracy of the information found on the internet which can result

in misinformation being provided to patients [81].

Considering this, it is ever more important to support HCPs with individualized and
evidence-based information to educate patients with T2DM on their prescribed

medication that is accessible at the point of care. Providing personalized information
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tailored to patients’ characteristics, risk factors, and medical history will better inform

patients about managing medication side effects and early recognition of possible ADRs.

To address the abovementioned shortcomings, the goal of this research is to design and
develop a proof-of-concept web-based personalized education system to improve
understanding of diabetes medication regimen for patients with T2DM. We call this
Diabetes Patient-specific Drug Information System (DPD@S) for patients with T2DM.

To achieve this goal, the objectives of this thesis are:

1. Investigate and identify areas of medication information that are frequently sought
by patients with T2DM;

2. Investigate and identify contextual factors that need to be considered to tailor
medication information based on patients’ individual needs.

3. Describe the obtained knowledge in a formal machine-readable format in an
ontology-based knowledge model; and,

4. Provide tailored information to patients with T2DM about risk of potential ADRs

considering their individual underlying risk factors including potential DDIs.

3.2. Knowledge Management Approach to Support Self-Management

To accomplish the objectives for this thesis, concepts in knowledge management are
utilized. Knowledge management involves the strategies and processes for identifying,
collecting, structuring and sharing domain knowledge. The advantages of a health care
system that is based on knowledge management are discussed in the literature. In
particular, such systems facilitate efforts in self-care for patients by providing access to
relevant information and enabling evidence-based patient education [82]. Knowledge
management as opposed to information management involves understanding and
identification of the end users’ needs, and subsequently describing the types of

information and classifying it in structured manner [82].

To help guide our research we refer to the model developed by DeLorme et al.,[83] in
which they modified the Comprehensive Model of Information Seeking by Johnson et al.,
[50] with the focus on drug information seeking and influencing factors on selection of

information sources. In their model, use of specific source of information is considered to
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be affected by perceived usefulness of that resource. Figure 3-1 presents the schematic

view of the CCM developed by DeLorme et al.,[83].
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Figure 3-1 Comprehensive Model of Information Seeking with a Focus on Drugs

For management of chronic conditions, patients themselves play a central role by
undertaking lifestyle changes such as a healthy diet and exercise, and adherence to
medication therapy. Therefore, the self-management support is a key part of the diabetes
management. It encompasses initiatives to encourage patient engagement in their care
and involves providing patients with knowledge and education related to their chronic
conditions and supporting them with appropriate tools to better manage their chronic
condition [84]. To assist patients with self-management, patient education plays a key
role. Examples of interventions to support patients’ self-management are individual or
group sessions for diabetes self-management education involving topics such as the

importance of medication compliance, lifestyle goal setting and foot care [85].

The notion of self-management aligns well with research objectives for this thesis. Our
proposed prototype, DPD(DS, sits at the intersection of health technology and patients’

self-management by providing tailored medication-related education for patients with

D2T. A patient-centered approach in the process of care is characterized by a patient-
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provider relationship that supports and encourages patient involvement and care that is
customized for individual patients [2]. Taking a patient-centered approach and employing
health technology, this research will demonstrate a solution to further support patient
involvement in the process of care by offering patient-specific medication information

and thereby facilitating self-management for patients with D2T.

3.3. Research Approach

To achieve the objectives listed in section 3.1, this research proposes the design and
development of a Knowledge-Based System (KBS) for anti-diabetes medication
information. The KBS is a form of artificial intelligence where the system can use
knowledge to make decisions. In addition, KBSs can generate new knowledge based on
data and information. The KBS consists of a Knowledge Base and an Inference Engine.
The Knowledge Base is a repository holding the domain knowledge. These two
components together support the main characteristics of a KBS which are decision

reasoning and self-learning [86, p. 20]. Figure 3-2 shows the architecture of a KBS.

Knowledge Base

Decision
Reasoning “ t “ Self-Learning

Inference Engine

User Interface

Figure 3-2 Architecture of a Knowledge Based System (KBS) [86, p. 20]

The provision of patient education on medication knowledge should be adaptable to the
patient’s circumstances including underlying medical conditions and other characteristics
such as the patient’s age. In addition, individualized patient education for prescription
drugs should consider risk factors that are present for each patient. For instance, aging is
associated with reduced renal function. This may put elderly patients with diabetes at
higher risk of adverse drug events when taking the most common anti-diabetic drug,
metformin, as prevalence of serious adverse reactions to metformin is higher in patients

with impaired renal function [87].
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The prototype KBS in this research, DPD(DS, is aimed at patients, but will be provided to
them or described to them at the point of care by their health care providers. DPD({DS
will help patients who would like to be informed about their diabetes medication to gain
more knowledge regarding risks and considerations associated with their drug regimen
including potential ADRs and DDI. It also assists health care providers with
disseminating medication information in a way that covers aspects of medication
knowledge about which patients are mostly uninformed. DPD(DS will serve as a tool to
guide conversation between patients and health care providers in a structured and more
efficient way at the point of care. To develop the DPD()S, the following steps were

taken:

1- Knowledge Acquisition: A literature review is conducted to examine drug
information needs of patients. The initial challenge for determining appropriate
medication information for patients with T2DM is to understand what patients
want to know about their medication. The literature review identifies the areas of
medication information about which patients are mostly uninformed. The
proposed personalization will be undertaken based on the highlighted areas.

2- Knowledge Representation: An ontological modeling approach using Web
Ontology Language (OWL) [88] is employed to define a knowledge model that
represents concepts and relations in the domain of medication information for
anti-diabetic drugs. “An ontology is a formal, explicit specification of a shared
conceptualization [89]. Ontology-based approach has been recognized as a robust
way for knowledge representation as it enables sharing and reuse of domain
knowledge [90]. The anti-diabetic medication ontology describes different
elements of medication information such as potential ADRs, possible DDIs, risk
factors and considerations associated with anti-diabetic drugs. It provides
semantic reasoning based on description logic (DL). The constructed ontology is
part of the knowledge base used in DPD()S and plays a central role in its
reasoning ability.

3- Subsequently, Semantic Web Rule Language (SWRL) [91] is used to formulate a
rule base for the proposed DPD(DS. OWL reasoning based on DL has some
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expressiveness limitations. To overcome this, SWRL [91] has been introduced to
allow for higher expressivity. With SWRL rules as an extension to OWL, a
system can deduce high-level knowledge based on the If-Then rules. The anti-
diabetic medication ontology together with the SWRL rule base will construct the
knowledge base of the DPD(DS. Using SWRL improves personalization ability in
our proposed DPD(DS and allows it to infer further knowledge based on the
patient’s individual context. The SWRL rule base for DPD@)S includes a set of
rules outlining the conditions for which personalization is considered. The
reasoning component of the DPD(DS will utilize the anti-diabetic medication
ontology and rules to make inferences about new relations.

4- Prototype Development: The web-based prototype of the DPD(DS will be
developed to provide health care providers with necessary resources at the point
of care to educate their diabetic patients on their drug regimens based on their
individual characteristics and medication history.

5- Prototype Evaluation: A set of scenario-based cases will be utilized to evaluate
DPD(S. The result of DPD(S outputs will be compared to evidence-based

information sources to assess the correctness of the outcome.

Figure 3-3 represents the schematic representation of the research methodology steps

utilized in this thesis.

35



Understanding patients’ drug information needs
Identifying knowledge elements required to model
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Figure 3-3 Schematic view of Research Methodology Steps
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CHAPTER FOUR: METHODS

The DPD(S was developed as a proof-of-concept KBS to provide personalized
medication-related information to patients with T2DM. The system combines domain-
related knowledge about diabetes medication and inference logic to offer a patient-
specific education message with respect to the patient’s prescribed anti-diabetic drugs. It
also serves as a support tool for health care providers to guide conversations with their
patients about T2DM drug regimen at the point of care. The personalization of the DPD
(DS is based on the patient’s profile (e.g., age, drinking habits) and their specific

underlying risk factors (e.g., concomitant prescription drugs, medical conditions).

4.1. Conceptual Phase

4.1.1. Patient Drug Information Needs

During the literature review phase of this research, different aspects of medication
information that should be communicated with patients were investigated. As noted in
section 2.2, a patient’s medication knowledge involves understanding of drug purpose
and instruction, understanding of drug side effects and potential ADRs, and knowledge of
appropriate action if a dose of medication is missed [53]. Besides the basic information
about administration of medication commonly referred to as “five rights” (i.e. right
patient, right drug, right dose, right route, and right time) that has been practiced for
many years, patients’ growing involvement in their care and treatment process in recent
years has led to their effort in learning more about different aspects of their prescribed

medications in order to play an active role in their self-care [92].

Understanding what patients desire to know about their medications and common
patients’ medication-related questions is an essential step in representing that kind of
knowledge in the knowledge base of our proposed system. As stated in the section 1.3,
the first objective of this thesis is to identify and describe drug-related information sought
by patients with T2DM. To accomplish this task, we explored the literature to identify
patterns of drug information seeking among patients with T2DM. While there are studies

investigating general information needs in patients with T2DM, little is known about
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their specific medication-related information needs. Analysis of questions about T2DM
raised by patients reveals that understanding what patients don’t know and subsequently
addressing their needs based on their questions provides better value than communicating
the type of information that is perceived to be of importance by health care providers
[93]. In their research, Crangle et al. reveal 23 diabetes-specific topics asked by patients;
treatment was the most frequently discussed subject by patients which includes questions
such as treatments for diabetes including medication and self-management behaviors that
could be part of a treatment plan [93]. However, specifics on treatment-related questions

that patients with T2DM asked were not addressed by their study.

In this context, we believe it is fair to assume that medication-related needs of patients
with T2DM would be similar to that of patient populations in general irrespective of their
chronic condition. Therefore, we reviewed available literature with the focus of
identifying drug information needs raised by patients. Articles with one of the keywords
“drug information”, “patient information needs”, “medication information questions”,
“patient drug questions”, “patient drug information”, and ‘“Patient medication
knowledge” in title/abstract in English language were searched using Medline (via

PubMed).

Tarn et al., [26] investigates physician communication when prescribing new medications
through an observational study. For new prescribed medications, physicians described the
specific medication name for 74% of new prescriptions and explained the purpose of the
medication for 87%. Adverse effects were discussed for only 35% of medications [26]. In
another study Ziegler et al., [61] examined the amount of information patient like to
receive regarding adverse effect of drugs . Questionnaire was used to survey patients in
an outpatient family practice. Some adverse effects are common and some are rare;
similarly some are mild and some are severe. Patients were asked about the extent to
which they desire to know about the adverse effects of their prescription medications.
Their study reports that the majority of patients (76%) would like to hear any adverse
effect, regardless of how rare they are. Similarly, 84% of patients expressed interests in

knowing any serious adverse effect, no matter how rare [61].
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In agreement with the previous research, Tarn et al., [23], conducted a study in which
they compared patient preferences regarding adverse effect discussions with what
physicians reported in their practice. More than 90 % of patients wanted a physician to
discuss medication adverse effects; they wanted information about both dangerous (75 %
of patients) and common (66 % of patients) adverse effects. Their study reports
significant differences between the adverse effects physicians’ report they describe to
patients when prescribing new medications and the ones that older patients want to be

communicated with them [23].

Another research group took a patient-centered approach to provide drug information via
a drug information center. In their research Maywal et al., [94] analyzed patterns of
patients’ drug information needs calling drug and therapy information center over two
years. Main information needs of patients regarding prescription drugs was reported as
adverse drug reactions and drug interactions which accounted for 31.0%. Following that,

questions around therapy information was around 27.2% of total questions asked [94].

An exploratory study was conducted to evaluate the engagement of individual consumers
with the Facebook page of a non-profit organization offering services in the area of health
technologies including medications and medical tests. On their Facebook page, a weekly
Pharmacist Hour service is offered in which individuals can ask any medication-related
questions. Subsequently, a pharmacist on the team would answer the questions, providing
evidence-based medication information during the one hour period. Their study reports
that most popular questions were related to adverse effects, following that treatment
options for conditions, and drug interactions were among the most frequent question

asked by the individual Facebook users [95].

To investigate what information about medication is desired by patients rather than health
care providers’ viewpoints, Borgsteede et al. [64] set out a qualitative analysis of
patients’ needs of information about their drug regimen. Most patients believe they are
provided sufficient basic information about their medication which includes the name of
the drugs, reason they were prescribed, and instruction for taking the drugs. However,
patients highlighted the need for more information about side effects of the drugs and

ways to recognize them by knowing signs and symptoms [64].
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Patients’ enquiries to a drug information service was examined by Huber el al.,[96] for
the duration of 6 years with the goal of analysing the type of enquiries as well as answers
provided by the drug information service. The group of cardiovascular medications was
most often the subject of questions asked by patients. The most frequent enquiry adverse
drug reactions (22.1%), the need for general information about the drug (19.9%),
information about therapy (12.4%) and drug interactions (10.2%).

A recent scoping review by Kusch et al. [97] was of particular interest in which the
researchers attempted to identify relevant drug information topics through analysis of
patients’ inquiries to various drug information sources along with a review of previous
studies assessing patients’ drug information seeking behaviour. Their review included 27
articles. Even though the authors acknowledge that they didn’t apply full range of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement, they included a number of criteria including eligibility criteria, information
sources, data collection progress, synthesis of results, study characteristics, summary of
evidence, limitations, conclusions, and funding. Their study concludes that the most
frequent medication-related information sought by patients is about drug safety issues
such as information on side effects, ADRs and DDIs. Following that information on dose
and administration, treatment options and duration of treatment were among information
topics requested by patients [97]. Figure 4-1 shows the frequency of drug information

topics reported by scoping review of Kusch et al. [97].
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Figure 4-1 Frequency of Drug Information Topic Based on Scoping Review [97]
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Based on our literature review the most frequent drug information needs raised by
patients are about side effects, ADRs and DDIs which relates to our first object of this
thesis. Table 4-1 provides summaries of articles that were reviewed to better understand

patient drug information seeking behaviour.

Paper Description

Tarn et al., [26] e  Observational study to examine physicians’ communication when
prescribing new medications
e Physicians described the specific medication name for 74% of new
prescriptions and explained the purpose of the medication for 87%.
e Adverse effects were addressed for 35% of medications.
Ziegler et al., e To determine the amount of information patient would like to receive
[61] regarding adverse effect of drugs
e Questionnaire was used to survey patients in an outpatient family
practice to examine.
e Majority of patients (76%) would like to hear any adverse effect,
regardless of how rare they are.

Borgsteede et al. e To investigate what patients want to know about their medications.
[64] e A qualitative study
e Most patients believe they are provided sufficient basic information
about their medications but they highlighted the need for more
information about side effects of the drugs.

Tarn et al., [23] e To compare patient preferences for adverse effect discussions with reported
physician practice.
e A cross-sectional survey with convenience sample of 178 subjects recruited
from 11 senior centers in the Los Angeles metropolitan area
e 90 % of patients wanted a physician to discuss medication adverse effects;
they wanted information about both dangerous (75 % of patients) and
common (66 % of patients).

Maywald et al., e To explore patterns of patients’ unmet drug information needs
[94] e Data obtained from callers of drug and therapy information center
e During 24 months, 2049 telephone calls were recorded. Patients’ unmet
information needs were mainly related to adverse drug reactions/drug
interactions (31.0%) and therapy information (27.2%).

Sleath et al. [19] To examine questions asking about medications during office visits

A dataset of 467 audiotapes and transcripts of outpatient

Approximately 20% of each encounter was spent discussing medication
Frequently asked questions were about what medications the patient was
taking (80%), how the medication was influencing the patient's medical
condition (56%), quantity or supply (51%), interval (41%), dosage (41%),
and barriers or side effects.

Bentoli et al., [95] e An exploratory research to described medication-related questions asked by
individual consumers on a Facebook page during Pharmacist Hour
e During this 12-month period, a total of 226 questions were posted
e The most common topic was adverse effects of medicines followed by
questions related to treatment options for conditions, drug interactions, and
dose and administration.

Huber et al., [96] e The group of drugs most often asked about were cardiovascular drugs
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Paper Description
(33.4%), followed by drugs for the nervous system (16.2%) and for the
alimentary tract and metabolism (12.4%).
e Common reasons for contacting the service were adverse drug reactions
(22.1%), the need for general information about the drug (19.9%),
information about therapy (12.4%) and drug interactions (10.2%).

Kusch et al. [97] e A scoping review examining drug information areas asked by patients in
the literature.
e Of 27 identified drug information topics in the literature search, patients
most frequently requested information on ADRs and DDIs.

Table 4-1 Summary of Literature Review about Patient Drug Information Needs

4.1.2. Risk Factors for the development of Adverse Drug Reactions

The second objective of this thesis is to identify contextual factors that need to be
considered to tailor medication information based on patients’ individual needs. To
achieve this, we need to better understand risk factors that affect the development of

ADRs when taking anti-diabetic drugs.

Various factors affect the occurrence of adverse drug events including patient-related
factors and drug-related factors [98]-[100]. An example of patient-related factor would
be excessive alcohol consumption while taking metformin, a common medication for
treating T2DM, which can increase the risk of lactic acidosis, a rare but serious adverse
drug event. Similarly, diuretics drugs such as hydrochlorothiazide can interact with
metformin and may increase the likelihood of hyperglycemia and lead to loss of blood

sugar control. This can be considered drug-related factor.

The World Health Organization defines an adverse drug reaction as “a response to a drug
that is noxious and unintended and occurs at doses normally used in man for the
prophylaxis, diagnosis or therapy of disease, or for modification of physiological
function” [101]. Based on the available data in the literature, the average rate of hospital
admissions due to ADRs is 4.1% in young adults as opposed to 16.6% for the elderly
population, with a significant portion of the hospitalisations (88%) considered to be
preventable [102]. Some medication classes are reported to have the highest occurrences

of ADRs including painkillers, anti-infectives, cardiovascular agents, and blood thinners.
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A 10-year retrospective study found that painkillers resulted in the most ADRs overall

and cardiovascular agents caused the largest number of severe ADRs [80].

There are many factors that contribute to the possibility of ADRs including age, gender,
co-existence of medical conditions, multiple prescribed medications, dose and type of
medications. Factors affecting the development of ADRs can be grouped into patient-
related factors and drug-related factors. Each risk factor group will be discussed in more

detail in the following sections.

4.1.2.1 Patient-Related Factors

All drugs can potentially cause ADRs, but not all patients show symptoms of ADRs at
the same level and type. Age is an important factor for developing ADRs. Ageing is
associated with anatomical and physiological changes in human bodies. These age-
related changes may lead to alterations in how the body absorbs the drug, distributes it,
metabolizes it, and eventually eliminates the metabolic waste of the drug through lungs,
kidneys, and skin. As a result of these processes, drug concentration may change, thereby
impacting the clinical response and the effect of a drug on the body [103]. Elderly
patients are at higher risk of experiencing adverse drug events. This is largely because
elderly patients are more likely to have multiple chronic conditions. There is, however,
disagreement in the literature on whether aging by itself is an independent factor or the
combination of other issues that are prevalent among the elderly causes the increased risk
of adverse drug reactions [104]. For instance, patients over 65 are more likely to be on
combination of multiple medications to treat coexistent conditions with an average of 2 to
6 prescribed medications per patient [105] which in turn increases the risk of potential
adverse drug-drug interaction, giving rise to possible adverse drug events. Furthermore,
the rate of comorbid conditions is higher among the elderly population, ranging from
30% to 54%, and having three or more comorbidities increases the risk of possible

occurrence of adverse drug events [106].

Sex is another risk factor for the development of ADRs. The anatomical differences
between men and women including weight and body composition can influence drug
metabolism [107]. In particular this is noticeable with cardiac and psychotropic

medications. For example, women tend to achieve better therapeutic outcome with two
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antipsychotic medications, chlorpromazine and fluspirilene [108]. A retrospective
analysis on gender-related differences in ADRs concluded that cardiovascular ADRs are
more frequent in men than women. On the other hand, the likelihood of experiencing

ADREs as a result of neuropsychiatric medications is higher in women versus men [109].

Another contributing factor in developing ADRs is alcohol consumption. Alcohol can
interact with many classes of prescription medications as well as over the counter
medications. As a result, alcohol consumption both at heavy and moderate levels can
impact the metabolism or activity of a drug, thereby potentially leading to an adverse
drug event [110]. For instance, in patients with T2DM, chronic alcohol consumption can
result in higher blood sugar levels (referred to as hyperglycemia) for those with good
nutritional status. Whereas, for patients with T2DM with inadequate nutrition, chronic
alcohol consumption can cause lower than normal blood sugar levels (referred to as

hypoglycemia) [98].
4.1.2.2 Drug-Related Factors

Drug-Drug Interactions

Prescription drugs, over the counter medications such as nutritional supplements and food
can affect the pharmacological impact of a medication. As a result, the effectiveness of a
drug may be reduced or strengthened. Drug-drug interaction (DDIs) is a process in which
one drug can possibly interfere with the pharmacological effect of another drug. The risk
of potential DDIs increases as the total number of medications being taken increases.
This translates to over 50% likelihood of having DDI occur when a patient is on five
prescribed medications and the risk increases to 100% when seven or more drugs are

taken [99].

Some DDIs are desirable and are utilized as part of a therapeutic drug regimen.
Polypharmacy, defined as the use of multiple drugs (commonly more than 5 drugs) is
prevalent in older population. For instance, combination therapy is employed in treating
hypertension among elderly patients. The use of both chlorthalidone and atenolol, which
belong to the diuretics and beta blocker medication class respectively, as combination

antihypertensive therapy for hypertension has resulted in reduced number of strokes and
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other cardiovascular complications [100]. However, DDIs resulted from concomitant
drug therapy are also a common cause of adverse drug reactions. A retrospective analysis
on ADRs data collected from community teaching hospital shows that DDIs are the
second most frequent cause of preventable adverse drug reactions [111]. The rate of
polypharmacy increases with advancing age. A national survey in United States reports
that patients 65 years or older have the highest prevalence of prescription drugs with 23%

of women and 19% of men in that population taking at least 5 drugs [112].

The number of prescription medications or polypharmacy is well acknowledged in the
literature as a main contributing factor for drug-drug interactions. Certain classes of
medications have been frequently cited to have high rates of drug-drug interactions. A
recent study on older adults living in communities has reported that anti-inflammatory
drugs are the most common medication class affecting other drugs, and cardiovascular
medications are the most common class of medication being affected by other drugs
[113]. In agreement with the previous study, Gurwitz ef al. in their study on elderly
patients in an ambulatory clinical setting found that cardiovascular drugs are the most
frequent cause of adverse drug events, accounting for 26% of total reported incidents
whereas anti-diabetic medication have resulted in 7% of the recorded adverse drug events

[114].

Drug-Disease Interactions

In addition to drug-drug interactions, drugs can impact diseases as well. Although
polypharmacy can be beneficial in treating chronic conditions and improving quality of
life, its benefit is accompanied with potential harm. Drug-disease interactions refers to a
process in which a medications have the potential to exacerbate an underlying condition,
thereby posing more risk than benefit which leads to an increased risk of having an
adverse drug event occur [115]. The prevalence of drug-disease interaction is higher
among older adults. A study on community-based older adults found that at least one type
of drug-drug interactions occurred for over one third of the participants, and 16% of them
experienced drug-disease interaction with 3.7% of them having drug-disease interaction

with non-prescription medication. The most frequent drug-disease interaction in their
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study was reported for patients with peptic ulcer disease taking anti-inflammatory drugs

including aspirin [113].

Different research groups have attempted to compile a list of drug-disease interactions
that include a list of specific conditions and medications to be avoided in older adults.
Their effort relied on group judgement and consensus panels [116]. There is however
lack of overall agreement between their findings. For instance, Lindblad et al. [115]
identified 28 drug-disease interactions that are considered harmful for the elderly. Only

11 of those drug-disease interactions overlapped with the previous list [116].

Various indicators are used to measure inappropriate medication use, among which are
rates of using medications with clinically significant drug-drug interactions, and
medications that are listed as drug-disease interactions in the literature, meaning their use
is prohibited when certain conditions exist. In their prospective study, Chrischilles et al.,
[117] examined the association between different measures of inappropriate medication
use and self-reported adverse drug events Their study shows that use of drug-disease
interactions is the most common aspect of inappropriate medication use and is reported to
be significantly associated with the prevalence of self-reported adverse drug events [117].
Focusing only on the subcategory of ADRs that are preventable through dose adjustments
or discontinuation of a drug, a retrospective analysis explored a similar relationship
between drug—drug interactions and drug—disease interactions and the occurrence of
ADRs among elderly patients. In alignment with the previous study, Hanlon et al. found
that both drug-drug interactions and drug-disease interactions are linked with preventable

ADRs [118].

In summary, there are several risk factors for the developing adverse drug reactions.
Elderly patients are particularly at increased risk of experiencing ADRs, in part because
they have often concurrent chronic conditions for which they take multiple prescription
medications [114]. This polypharmacy is amplified by physiological age-related changes
in the body composition that impacts the effects of the medication being taken [103]. One
study reported that 35% of older patients with polypharmacy experienced at least one
confirmed case of adverse drug reactions during a year; though 95% of these adverse

drug reactions were preventable [119]. To reduce the risk of ADRs, it is recommended
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that patients are educated by their prescribing physician regarding the presence of

important risk factors for ADRs such as age, polypharmacy and comorbidities [105].

The summary of risk factors influencing occurrence of ADRs is presented in Table 4-2.

e Age e Polypharmacy (increase likelihood of DDIs)
e Sex e Drug dose and frequency

o Allergy e Drug-disease interactions

e Body weight

e  Alcohol drinking

e Race and ethnicity

e  Smoking

Table 4-2 Summary of Factors Influencing the Risk of ADRs

With the obtained knowledge from literature review regarding ADRs and DDIs to be the
most frequent drug information topics requested by patients and factors influencing
development of ADRs (shown in Table 4-2), we developed the concept map for the
proposed system. The diagram presented in Figure 4-2 is a simple graphical
representation to convey the concepts and relationships between them that are considered
relevant to the domain of anti-diabetic medication information as well as information
elements that are considered desirable by patients based on the available literature. The
concept map also serves as a basis for the ontology-based knowledge modeling approach

carried out in the design phase.

Drug - is prescribed Patient
has ADR has risk factor
Adverse drug P has influence on .
. < Risk factors
reactions

W

isa isa

Patient-related factors (age, sex,
body weight, alcohol, smoking, and
ethnicity)

Drug-related factors
(polypharmacy, DDIS)
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Figure 4-2 Concept Model for the Proposed KBS (DPD{S)

4.2. Design Phase

The concept model described in the section 4.1 guided our efforts in gathering and
representing the knowledge related to ADRs and DDIs for anti-diabetic medications. In
developing our proposed system, DPD(DS, this section outlines the construction of the
knowledge base for this system. As noted in the section 3.3, an ontology-based approach
was employed to develop the knowledge model that formally describes concepts and
relations among these concepts in the domain of ADRs and DDIs for anti-diabetic
medications. Furthermore, to tailor medication information for patients, decision rules
using SWRL were also developed in this phase. The addition of SWRL rules adds an
extra layer of expressivity to the ontology model. The OWL ontology together with the
set of SWRL rules constitutes the knowledge base of the DPD(S.

4.2.1. Development of the Anti-Diabetic Medication Ontology

To build the Anti-Diabetic Medication (ADM) ontology for our system, we followed the
steps in the methodology for ontology development proposed by Noy and McGuinness
[120]. The ADM ontology is constructed using OWL and Protégé 5.5 ontology editing
environment [121]. It provides the semantic foundation for the domain of diabetes
medications, targeting concepts and relations affecting elements of medication
information that are sought by patients. Ontology-based knowledge modeling was
adopted for representing the domain knowledge because it captures the knowledge in a
formal way, thereby allowing sharing and reusing it in similar systems with the aim of
educating patients on prescription medications that are used to treat other chronic

conditions.

In a three-step process, we developed the ADM ontology: 1) the ontology requirement
specification, 2) knowledge acquisition including selection of knowledge sources and
knowledge abstraction, and 3) knowledge formalization using Protégé 5.5 ontology

editor. In the subsequent sections, these steps will be discussed in detail.
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4.2.1.1 Ontology Requirement Specification
Figure 4-3 illustrates the steps taken for the process of building the ADM ontology.

Step 2- Knowledge Acquisition

Abstraction of domain knowledge
* |dentification of evidence-based

sources of medication Knowledge
Requlrement information Representation
Specification * Assessment of resources Formalization

* Selection of appropriate
* Domain resources ¢ Classes
* Scope * Abstraction of the knowledge * Class hierarchy
* Target users . * Properties
* Intended uses * Instances

Reusing existing ontologies:
* |dentifying relevant ontologies
Step 1 * Assessment for the purpose of
reusing previously-developed
ontologies
* Selection of concepts

Step 3

Figure 4-3 Steps for the ADM Ontology Development Process

As shown in figure 4-3, first, the ontology requirements were specified using the
guideline proposed by Suarez-Figueroa et al. [33]. To prepare the ontology requirements

specification, we sought to answer the following questions [33]:

1. Why build the ADM ontology?

2. What specific requirements will the ADM ontology fulfil?
3. Who are the users of the ADM ontology?
4

What is its intended use?

The purpose of the ADM ontology is to define the concepts and relationships between
them in regards to side effects, ADRs and DDIs information of oral anti-diabetic
medications. We narrowed the scope of the ADM ontology to classes of oral
antihyperglycemic drugs that are used in pharmacotherapy of patients with T2DM
diabetes. As this is Canadian research, we included antihyperglycemic agents that are
approved by Health Canada and are listed in the latest edition of Diabetes Canada clinical

practice guidelines [38]. A brief description of these drugs is covered in the background
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section 2.1 and the list of drugs is also presented in table 2-1. The end users of the ADM
ontology are both patients and health care providers. Patients seeking to enhance their
medication knowledge beyond the basic information that includes the drug name, reason
and use instruction can benefit from the ADM ontology by learning about side effects,
ADRs, DDIs and risks and considerations associated with their anti-diabetic drug
regimen. In addition, the ADM ontology can also assist health care providers in providing
evidence-based patient education on prescription drugs for patients with T2DM.
Furthermore, the ADM ontology can also be shared and reused by software developers to
support the design and development of KBS in the domain of patient education on drug
information. The intended use for the ADM ontology is to provide personalized solutions
for educating patients with T2DM on medication information topics that are desired and
frequently sought by patients including side effects, ADRs and DDIs in an anti-diabetic

drug regimen.

Table 4-3 below outlines the ontology requirements specification including the scope,
purpose, intended application and end users of the ADM ontology adapted from the
guideline offered by Suarez-Figueroa ef al. [33].

Ontology requirements  Description

Purpose The purpose of the ontology is to describe concepts and relations
among those concepts regarding specific aspects of medication
information for patients with T2DM

Scope The ontology focuses on knowledge about side effects, ADRs and
DDiIs for oral antihyperglycemic drugs

Target end users e Patients - the ontology is aimed at patients wanting to enhance
their knowledge on their prescription drugs for treating T2DM.

e Health care providers - it can serve as a support tool for health
care providers to guide them in providing medication information
to their patients at the point of care.

o Software developers - the ontology can be reused as a knowledge
base to support computational applications in the domain of
patient medication information.

Intended uses Providing personalized medication information by considering
patient-related factors and drug-related factors affecting the
possibility of ADRs and DDIs in patients with an anti-diabetic drug
regimen

Table 4-3 Ontology Requirement Specification
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4.2.1.2 Knowledge Acquisition

The second step (Figure 4-3) in building our domain-specific ontology involved
knowledge acquisition including the selection of knowledge resources and knowledge
abstraction. As suggested in the methodology proposed by Noy and McGuinness [120],
the possibility of re-using existing ontologies that were developed in the domain of
adverse drug events and DDIs was explored. We examined the BioPortal Repository
[122] which includes a comprehensive list of biomedical ontologies to search for existing
ontologies in our domain knowledge. Multiple ontologies were of interest based on the
relevance of their domain and purpose to our research topic. The related existing
ontologies are listed in Table 4-4. While these ontologies assisted us in mapping key
concepts in the domain of drug information, they lacked the required knowledge

representation in certain aspects of our domain knowledge.

Ontology Name Domain knowledge Description

Ontology of Adverse Adverse events It represents various adverse events caused by

Events (OAE) medical interventions

He et al. [123]

Ontology of Drug Adverse drug events It describes various adverse events that are caused by

Adverse Events (ODAE) drug administration. It represents relations among

Yu et al. [124] drug and adverse events based on the patient’s age
and disease treated by the drug.

Drug Interaction Drug interaction It represents drug—biomolecule interactions that

Ontology (DIO) result in certain types of DDIs. It captures

Yoshikawaa et al. [125] pharmacological mechanisms of drugs to describe

drug interactions.

Table 4-4 Existing Ontologies Related to the Domain Knolwedge

The Ontology of Adverse Events (OAE) represents information about adverse events
caused by medical interventions such as the administration of a drug or vaccine, usage of
a medical device, or surgery. It classifies different adverse events based on patient
anatomic region affected by the adverse event, type of medical interventions preceding
the adverse event, and signs and symptoms of the adverse event [123]. The classification
of various adverse events in OAE, is performed at a high level, that is, OAE does not
represent specific adverse events concerning individual drugs or vaccines. This is
reflected in Figure 4-4 where a high-level association between medical intervention class
and adverse event class is shown. In addition, factors affecting adverse events are not

defined in OAE. While the authors recognize some of these factors including age, genetic
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background, drug-drug interactions and drug-food interactions, they propose that
ontological linkages can be carried out to incorporate the knowledge model that
represents the relations between different factors and the occurrence of the adverse event

with OAE [123].

+ S
vaccination
= has subclass

-

drug has subclass
administration’ e
___._.__-_"I._.....
T has subclass

‘adverse event’

* o ‘medical preceded by =
intervention’ o

dialysis

Figure 4-4 A Selection of Classes and Properties of OAE, adapted from [123]

Another ontology that was reviewed in relation to the domain of our interest was the
Ontology of Drug Adverse Events (ODAE) developed by Yu ef al. in 2019 [124]. ODAE
is built upon existing OAE [123] and has incorporated some of its modules to specifically
represent knowledge about adverse events caused by drug administration. Drugs may
cause adverse events based on the age of the patient and the type of disease for which the
drug is prescribed. Taken this into consideration, ODAE describes factors including age
and disease that may affect the development of adverse events. In addition, ODAE offers
finer granularity levels for drug products including information about drug chemical
ingredients and mechanism of action [124]. Figure 4-5 illustrates a selection of classes
and the associations that capture the relations between drugs, drug-treated diseases and

adverse events.

l ‘diarrhea AE' i
+ . . + ‘type 2 diabetes
'infection AE' I METFORMIM Er—
[ Used to treat | e LY
drug associated disease
[*® nauseane | with AEin adult

Figure 4-5 Selection of Classes and Properties of ODAE, adapted from [124]

Based on the representation in Figure 4-5, we can conclude that metformin is associated
with adverse event of diarrhea and is used to treat T2DM [124]. While ODAE represents

the relationship between age and disease with adverse events, it does not consider other
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factors that may influence the development of adverse drug events such as alcohol
consumption or drug-drug interactions. In addition, ODAE does not represent the
likelihood of the occurrence of adverse events. For instance, diarrhea is a common side
effect of metformin, whereas lactic acidosis is a rare adverse outcome of taking
metformin. Classifying adverse events by frequency is important for the purpose of
patient education as some patients would like to receive information about all possible

ADRs irrespective of their likelihood [61].

Though the reviewed ontologies in Table 4-4 assisted us in understanding general
concepts and relationship in the area of ADRs, none supported the type of knowledge
representation that is required for the research topic of this thesis. Consequently, we
explored non-ontological resources based on the guideline by Sudrez-Figueroa et al [33].
The Canadian Pharmacist Association provides the electronic Compendium of
Pharmaceuticals and Specialties (CPS) [126]. CPS drug information is the Canadian
standard for drug monographs that covers a significant amount of information about drug
products, including monographs for drugs and vaccines approved by Health Canada. CPS
contains up-to-date, evidence-based therapeutic information and non-prescription therapy
for many conditions. For each drug, CPS offers information in separate sections for

health care professionals and for patients.

As part of the licence agreement with Dalhousie University, e-CPS database is freely
accessible to Dalhousie University students. Figure 4-6 presents a snapshot of patient
information for the drug metformin as it appears in the CPS. To create the ADM ontology
we used CPS as the drug information resource. We adopted a bottom-up strategy by
means of the “abstraction process” [34, p. 7]. Our knowledge abstraction process was
based on by principles of grounded theory which involves using available information as
a starting point to develop a model that would explain the investigated phenomenon
[127], [128]. Woods et al., [129] defines grounded theory as “a set of categories that are
related to one another to form a framework that explains the main concern of the
participants in relation to the research area”. We undertook a reverse-engineering
approach to deconstruct the CPS documents into identifiable elements related to our

domain topic [130]. To this end, patient medication information documents on CPS
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(Figure 4-6) were annotated for oral antihyperglycemic drugs, listed in Table 2-1, and are
approved and recommended by the 2018 Canadian clinical practice guidelines for the

treatment and management of T2DM [38].

CPS Drugs/Conditions Tools Resources v Lexi-Interact 2 Welcome Da ¥ o

l il e Q _

Q Resurs

7] Matformin (Sanis)

PATIENT MEDICATION INFORMATION :

Metformin &
metformin HC

Oral Antihyperglycemic Agent
Sanis Healt

Date of Revision: January 21. 2019
IMPORTANT: PLEASE READ

This leaflet is part Iil of a thres-part “Product Mon
METFORMIN and each time you get a refill. This leaflet Is a summary and v
any new information about METFORMIN

ph" published when METFORMIN was approved for sale in Canada and is designed specifically for Consumers. Read this le
not tell you everything about this drug. Talk to your healthcare professional about your medical condition and treatmes

ABOUT THIS MEDICATION

What is METFORMIN used for?

METFORMIN (metformin hydrochloride) is used, in addition to proper diet, exercise and weight reduction, to improve blood sugar levels in adults with type 2 diabates mellitus.

How does METFORMIN work?

What are the ingredients in METFORMIN?

Figure 4-6 Patient Medication Information on CPS
The following concepts were emerged from manual abstraction of the CPS documents:

1- ADRs of oral antihyperglycemic medications: For this concept, the name and
description of ADRs along with descriptive quality of ADR (e.g. common, rare)
were abstracted. In total, 58 terms about ADRs were identified among
antihyperglycemic drugs. Nausea and diarrhea were the most common ADRs
associated with these drugs.

2- Prescription drugs: As noted earlier, the list of anti-diabetic drugs for the ADM
ontology were taken from the 2018 Canadian clinical practice guidelines for the
treatment and management of T2DM [38].

3- Drug-drug interactions: For this concept, the type of drug interacting with anti-
diabetic drugs, and the outcome of the interaction were captured.

4- Risk factors: the risk factors influencing ADRs that were recognized through

literature review (see Table 4-2) guided us in identifying these factors in the CPS
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documents. For instance, the statement “Diuretics (water pills), especially loop
diuretics, may increase the risk of lactic acidosis (too much acid in the blood) due
to their potential to decrease renal function” were abstracted to the concepts
ADR, DDI and a relation between them. Another example would be “Avoid
drinking alcoholic beverages and taking medicines containing alcohol while you
are taking GLICLAZIDE as it can lead to drop in blood sugar (hypoglycemia).”
which is abstracted to concepts alcohol risk factor, hypoglycemia ADR,
gliclazide drug and a relationship between alcohol risk factor and hypoglycemia
drug. Another example for elderly risk factor would be “Patients 65 years and
older had a higher incidence of adverse reactions related to reduced

intravascular volume with INVOKANA, including hypotension™

4.2.1.3 Formalization of Knowledge Representation

In step 3 of building the ADM ontology (Figure 4-3) we formally represented the
concepts and relations from the concept map drawn in the conceptual phase (Figure 4-2)
and abstracted knowledge from the CPS using OWL in Protégé 5.5 ontology editor.
Figure 4-7 shows the top-level class design of the ADM ontology. The orange rectangle
boxes represent classes, the blue boxes represent object properties and the green boxes
represent data properties. Together, they indicate the association between a drug, ADRs
and a patient, given patient risk factors. A property in OWL is defined as a binary
relation. In the ADM ontology, we needed to represent a more complex relation between
the drug and ADRs entities, called n-ary relations. Components of the ADM ontology

including classes, object and data properties will be discussed in this section.
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Disease \ DrugDruglnteraction
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PrescriptionDrug €—— isPrescribed Patient
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AdverseDrugReaction SpecialConsideration

Figure 4-7 Top-Level Class Design of the ADM Ontology

Based on the concepts identified in the knowledge abstraction step, classes were defined

within the Protégé 5.5 environment. Table 4-5 lists the classes in the ADM ontology.

There are 135 classes and subclasses in the ontology.

Class Name Definition

Disease represents the type of chronic condition treated by the drugs

AdverseDrugReaction represents the classification of ADRs based on CPS
documents on patient medication information

DrugDruglInteraction describes the various DDIS between antihyperglycemic

drugs and other drugs

EducationMessageSideEffectADR

describes the generic side effects and ADRs pertaining to
antihyperglycemic drugs

HealthCareProvider classifies the type of health care provider treating the patient
Patient describes patient concept

PatientRiskFactor represents various patient risk factors related to ADRs
PrescriptionDrug classifies antihyperglycemic drugs

SpecialConsideration describes points of consideration for patients in regards to

potential ADRs

Table 4-5 List of Classes for the ADM Ontology

Even though the ADM ontology represents only diabetes-specific medication knowledge,

the class Disease is included to allow future extension to the ADM ontology with the
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addition of medication knowledge related to other chronic conditions. The class
AdverseDrugReaction has 57 subclasses to represent ADRs terms abstracted from CPS
patient medication information documents. The class PrescriptionDrug describes anti-
diabetic drugs based on Canadian clinical practice guideline for T2DM [38]. In addition,
it represents other medication categories that are reported to have potential interactions
with anti-diabetic drugs based on the evidence-based information from CPS [126].

Figure 4-8 shows an excerpt for the class hierarchy for AdverseDrugReaction and

PrescriptionDrug.

¥ owl:Thing

B0 Disease

¥ AdverseDrugReaction

----- Abdominal_bloating

----- Acute_kidney_failure
----- Acute_kidney_infection
----- Allergic_skin_reactions
----- Anaphylactic_reaction
----- Balanitis

----- Blood_abnormalities

----- Blood_disorders

----- Bone_fracture

----- Bullous_pemphigoid

----- Chest_pain

----- Constipation

----- Dark_coloured_urine

----- Dehydration

----- Developing_slow_heartbeat
----- Diabetic_ketoacidosis
----- Diarrhea

..... E d ema

----- Encephalopathy

----- Facial_flushing

----- Hypoglycemia
Kidney_problems
Lactic_acidosis

Hyponatraemia

Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite

Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_disabling_joint_pain
Severe_hypoglycemia
Skin_ulcer
Stevens_Johnson_syndrome
Trouble_breathing
Unexplained_fever

Weight_gain
Widespread_blistering

owl:Thing

AdverseDrugReaction

----- AdverseDrugReaction_Relation

- @ Disease

----- DrugDrruglnteraction

EducationMessageSideEffectADR
- (0 HealthCareProvider

----- Patient

- PatientRiskFactor

PrescriptionDrug
- Ace_Inhibitors
Alpha-glucosidase_inhibitor
Angiotensin_ll_receptor_blockers_ARBs
Biguanide

Diuretics
-0 Heigh_ceiling_diuretics_loop

- Low_ceiling_diuretics_thiazides
DPP-4_inhibitors

Alogliptin_group
Linagliptin_group
Saxagliptin_group
Sitagliptin_group
GLP-1_receptor_agonists

..... Feeling_cold -0 Unusual_muscle_pain Insulin

..... Feeling_dizzy - Upset_stomach Meglitinides

..... Feeling_tired - 0 Urinary_tract_infection SGLT-2_inhibitors

----- Fournier_gangrene -0 Urosepsis Canaglifiozin_group
..... Gas - Vaginal_yeast_infection Dapagliflozin_group
----- Hemolytic_anemia - (0 Vasculitis Empaglifiozin_group
----- Hypersensitivity - Volume_depletion

Sulfonylureas
- Gliclazide_group
Glimepiride_group
- Glyburide_group
Thiazolidinedione

----- SpecialConsideration

Figure 4-8 Class Hierarchy of AdverseDrugReaction and PrescriptionDrug

The class patientRiskFactor defines various factors affecting the occurrence of

ADRs. Similar to the Disease class, some of the concepts represented in this class are
not necessarily for T2DM, rather they are general risk factors of ADRs that were
gathered from the literature review phase. These factors are extensively covered in the

background section 2.4. Modeling these factors in the ontology makes it expansive and

57



extendable. For instance, research indicates that gender may affect ADRs. This is because
the anatomical difference between men and women can impact the metabolism of the
drug [107]. During the knowledge abstraction phase, however, no evidence was found
based on CPS documents concerning the role of sex for ADRs among antihyperglycemic
drugs. Despite this, sex and other factors such as smoking are classified as subclasses for
the class patientRiskFactor so thatthe ADM ontology can be expanded to include any

other ADRs that may be affected by the concepts represented in this class.

The three classes EducationMes sageSideEffectADR, DrugDruglInteraction and
SpecialConsideration capture characteristics of personalized medication information.
Personalization SWRL rules are used to infer the values of the object properties of all

three classes.

Class EducationMessageSideEffectADR Includes five subclasses as shown below:

! EducationMessageSideEffectADR
i b Common_side_effect
Rare_ADR
Uncommon_ADR
Very_common_side_effect
Very_rare_ADR

In addition, class EducationMessageSideEffectADR has an object property called
hasEducationMessageSideEffect that indicates the components of side effects and
ADRs based on the patient’s prescribed medication. As mentioned above, the values for

this property will be inferred when SWRL rules are invoked.

Class brugbrugInteraction captures known DDIs based on the abstracted information
from the CPS. Similar to the class EducationMessageSideEffectADR, values for the

object property hasdDrugbrugInteraction will be deduced by the inference engine.

Class specialConsideration represents considerations for patients based on the
patient’s risk factors and potential DDIs. Similar to the previous two classes, SWRL rules
will identify the topics to be included. The full OntoGraf view of the ADM ontology is
presented in Appendix C.
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The ADM ontology has 14 object properties and 8 data properties. Table 4-6 outlines the

list of object properties, and the corresponding domain and range for them in the ADM

ontology.
Object Property Name Domain Range
hasOccurance in AdverseDrugReaction Relation  Patient
isUsedtoTreat PrescriptionDrug Disease
hasInfluence on PatientRiskFactor AdverseDrugReaction_Relation
hasDisease Patient Disease
hasADR Value AdverseDrugReaction Relation ~ AdverseDrugReaction
hasDrugDruglInteraction Patient DrugDruglnteraction
hasEducationMessageSide  Patient EducationMessageSideEffectA
Effect DR
hasRiskFactor Patient PatientRiskFactor
hasSideEffect ADR PrescriptionDrug AdverseDrugReaction Relation
hasSpecialConsideration Patient SpecialConsideration
isCausedBy AdverseDrugReaction Relation  PrescriptionDrug
isConsisted_of Common_side effect or AdverseDrugReaction Relation
Rare_ ADR or Uncommon ADR
or Very rare ADR or
Very common_side_effect
isPrescribed Patient PrescriptionDrug
isTreatedBy Patient HealthCareProvider

Table 4-6 List of Object Properties in the ADM Ontology

Data Property Name Domain Range

has DDI Description AdverseDrugReaction Rel Literal
ation

hasADR_Description AdverseDrugReaction Rel Literal
ation

hasADR_Probability AdverseDrugReaction Rel Literal
ation

hasAge Patient Disease

hasATC Code PrescriptionDrug integer

hasConsideration Description SpecialConsideration Literal

hasICD9_Code ComorbidityFactor Decimal

hasTotalMedication Patient integer

Table 4-7 List of Object Properties in the ADM Ontology

A property in OWL is defined as a binary relation that associates two OWL individuals

or an individual and data value. However, in the ADM ontology, we needed to represent
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a more complex relation between drug and ADR concepts to capture the semantics of
their association. For instance, drug metformin has the rare adverse reaction of lactic
acidosis. In this statement, there is a binary relation between metformin and lactic
acidosis. Moreover, there is a qualitative value (rare) describing this relation. In other
words, the statement reads: drug metformin has adverse reaction of lactic acidosis with
rare frequency. This type of relation is called an n-ary relation. To represent this ternary
relationship, we followed the solution proposed by W3C Working Group Note [131],
decomposing the n-ary relation to binary relations. We represented the relation between
drug and ADRs as class rather than a property. We then specified additional properties to
support binary relations to each component of the relation (i.e. value of the ADRs and
frequency of the ADRs). Figure 4-8 further illustrates the two binary relations created to

capture the semantics of the ternary relation between the class prescriptionbDrug and

AdverseDrugReaction.

ipti hasSideEffect
Prescription | > AdverseDrugReact || hasADR_Value —p AdverseDrugRe

Drug _ADR ion_Relation action

hasADR_Probability

|

String

Figure 4-9 Ternary Relation in the ADM Ontology

As shown in Figure 4-9, class Prescriptionbrug 1is associated with class
AdverseDrugReaction Relation along with the property hassideEffect aADR. Class
AdverseDrugReaction Relation captures the relation itself. An individual from class
PrescriptionDrug has a property hassideEffect ADR. The value of this property is an
object (individual of class AdverseDrugReaction Relation) that encapsulates both the
value of the ADRs as well as its probability. Figure 4-9 illustrates this relation with the
metformin drug (an individual from the class prescriptionbDrug). The individual
Metformin lactic acidosis in Figure 4-10 describes Lactic acidosis as the value
for the ADR as well rare for its probability. Therefore, the original statement, drug

metformin has adverse reaction of lactic acidosis with rare frequency, is well-defined.
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Figure 4-10 Ternary Relation for the Metformin Drug

Developing the n-ary relationship between class AdverseDrugReaction and
PrescriptionDrug enabled us to link ADRs and drugs based on disease and frequency
of the ADR. Take for instance Bullous pemphigoid, a subclass of class
AdverseDrugReaction. Properties for this subclass are presented in Figure 4-11. Frist,
all subclasses of adverseDrugReaction have data property of hasADR Description.
For class Bullous pemphigoid, the data property hasADR Description has the value
of “Bullous pemphigoid is severe skin reaction. Signs and symptoms include redness,

peeling skin, and/or blistering of the skin, lips, eyes or mouth”.
Based on the object properties shown in Figure 4-11, we can describe that:

1- Bullous pemphigoid is participant of relationship that occurs in patients with
T2DM who are prescribed alogliptin and the probability of this ADR happening

for alogliptin is very rare.

However Bullous pemphigoid can also occur when taking linagliptin. This relationship is

shown with the second object property that reads:

2- Bullous pemphigoid is participant of relationship that occurs in patients with
T2DM who are prescribed linagliptin and the probability of this ADR happening

for linagliptin is rare.

A full list of object properties pertaining class AdversebDrugReaction can be found in

Appendix D

61



SubClass Of
AdverseDrugReaction

isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Alogliptin_group)))
and (hasADR_Probability value "Very rare"))

isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Linagliptin_group)))
and (hasADR_Probability value "Rare"))

isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Saxagliptin_group)))
and (hasADR_Probability value "Very rare"))

isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Sitagliptin_group}})
and (hasADR_Probability value "Rare"))

General class axioms

SubClass Of (Anonymous Ancestor)

hasADR_Description some rdfs:Literal

Figure 4-11 Properties of Subclass Bullous_pemphigoid

We can also represent the same relationship from the drug side. Take for instance the
properties for the class Alogliptin group that is shown below (Figure 4-12). The object
describes that alogliptin has ADR value of Bullous pemphigoid with very rare probability
among patients diagnosed with T2DM.
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Equivalert To

SubClass Of
DPP-4_inhibitors
hasATC_Code some rdfs:Literal

hasSideEffect_ADR some
(AdverseDrugReaction_Relation
and (hasADR_Value some Bullous_pemphigoid)
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)))
and (hasADR_Probability value "Very rare"))

General class axioms
SubClazs Of (Anonymous Ancestor)

Instances

& Alogliptin

Target for Key
Digjoirt VWith

Benazepril_group, Linagliptin_group, Sitagliptin_group, Saxagliptin_group

Linagliptin_group, Sitagliptin_group, Saxagliptin_group
Disjoirt Union Of
Figure 4-12 Properties of Class Alogliptin_group
Once the design of the ADM ontology was completed, we populated it with individuals
to represent specific instances of represented classes. In total, 309 instances were created
in the ADM ontology.
4.2.2. Development of the SWRL Rules

There are so many definitions for personalization in the literature. In this thesis,
personalization is considered as the process of providing relevant content based on
individual user needs. We followed the personalization framework offered by Fan and

Poole [132]. Their proposed framework is consisted of three dimensions:

1- Aspect of the information that is being personalized
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In this dimension, there are four elements in a system that can be personalized 1)
content of the information, 2) user interface where the information is presented to
the user, 3) channel/information access and 4) functionality of the system [132].
The personalization of our system occurs at the content level. The information
that would be personalized involves around ADRs and DDIs information for oral
antihyperglycemic drugs which is the most common patient drug information
needs. Risk factors that were abstracted from the CPS (age, sex, alcohol,
comorbidity) along with DDI are used for the basis of personalization. Based on
patient profile and the presence of such risk factors, tailored messages regarding
impact of risk factors on ADRs will be generated.

2- Target of personalization. For this dimension, the target of personalization in
our system will be patients with T2DM.

3- How personalization is done. Personalization in which users provide information
to the system, and the system subsequently customizes the information based on
its input is called explicit personalization. In contrast, when personalization is
done automatically by the system is called implicit personalization [132]. Our
proposed system offers implicit personalization based on the clinical information

stored for patients in the system.

Initial logic rules were developed in natural language format to convey the type of

personalization required for the system.

If
Patient isPrescribed Gliclazide

and Patient hasRiskFactor Binge drinking
then Patient hasEducationMessageSideEffect Consideration gliclazide alcohol

The preceding example shows the rule that considers the association between the patient
and their prescription drugs and provides appropriate information about side effects and
ADRs accordingly. To formulate the rules in the knowledge base, Semantic Web
Ontology Language (SWRL) was employed. SWRL has been proposed in the Semantic

Web area as an extension to OWL in order to solve its expressive restrictions. Currently,
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SWRL is considered to be the standard rule language for the Semantic Web and it

enables users to express Horn-like rules using OWL vocabulary [133].

SWRL rule of the previous example was developed as below:

A

Patient (?p) " :isPrescribed (?p,Gliclazide)
hasRiskFactor (?p,Binge drinking) ->

hasSpecialConsideration(?p,Consideration gliclazide alcohol)

The individual Consideration gliclazide alcohol, in turn

has

hasConsideration Description data property with value of “Risk of hypoglycemia.

Drinking alcoholic beverages while you are taking gliclazide increases the hypoglycemic

reaction and can lead to drop in blood sugar.

Risk of facial flushing. The effect of alcohol in patients taking gliclazide includes facial

flushing and sensation of warmth”

SWRL rules were developed in SWRLTab which is an interactive editor in the protégé

environment that allows users to create and edit SWRL rules. In total, 112 SWRL rules

were developed to express the conditions for personalization required for the system.

Figure 4-13 shows an excerpt of the developed SWRL rules in the SWRLTab editor. The

full list of SWRL rules can be found in the Appendix B.

65



<4 DiabetesPersonalizedDruglnformationSystem (http:/semanticweb.org/sarah/DiabetesPersonalizedDruglnformationSystem.owl)

File Edit WView Reasoner Tools Refactor Window Help

® DiabetesPersonalizedDruglnformationSystem (hitp:/semantic

rg/sarah/DiabetesPersonalizedDOruginformationSy

Active ontology = | Entities = | Individuals by class = | DL Query = SWRLTab = OntoGraf =

Name Rule
v Consideration Gliclazide_elderly ~ Patient{?p)* isPrescribed(?p, Gliclazide) * hasRiskFactor(?p, Elderly) -= hasSpecialConsideration{?p,

v Consideration Glimepiride_elderly Patient(?p)* isPrescribed(?p, Glimepiride) * hasRiskFactor(?p, Elderly) -= hasSpecialConsideration(?p

¥ Consideration Glyburide_diuretics Patient(?p) # hasDrugDruglnteraction(?p, Glyburide_diuretics) -= hasSpecialConsideration(?p, Conside

v DDI Canagliflozin - ACE (Quinapril) isPrescribed(?p, Canagliflozin) * Patient(?p) * isPrescribed(?p, Quinapril) * swrlb:notEqual(?Total_med,

v DDI Canaglifiozin - ACE (Trandola... isPrescribed(?p, Canaglifiozin) * Patient(?p) * isPrescribed(?p, Trandolapril) * swrlb:notEqual(?Total_m

Figure 4-13 An Excerpt of SWRL Rules in SWRLTab Editor

+ Consideration Glimepiride_alcohol Patient{?p) * isPrescribed(?p, Glimepiride) * hasRiskFactor{?p, Binge_drinking) -= hasSpecialConsider...
+ Consideration Glyburide_ACE_in... Patient{?p)* hasDrugDruglnteraction(?p, Glyburide_ACE_inhibitors) = hasSpecialConsideration(?p, C...

« Consideration Linagliptin_sulfony... Patient{?p) * hasDrugDruglnteraction(®p, Linagliptin_sulfonylureas) -= hasSpecialConsideration(?p, C...
v Consideration Metformin - Diuretics Patient(?p) * hasDrugDruglinteraction(?p, Metformin_diuretics) -= hasSpecialConsideration(?p, Consid...
v Consideration Metformin_ACE_in... Patient(?p) " hasDrugDruglnteraction(?p, Metformin_ACE_inhibitors) -= hasSpecialConsideration(?p, C...
v Consideration Metformin_alcohel  Patient(?p) * isPrescribed(?p, Metformin) * hasRiskFactor(?p, Binge_drinking) -= hasSpecialConsiderat...
v Consideration Metformin_elderly  Patient(?p) " isPrescribed(?p, Metformin) * hasRiskFactor(?p, Elderly) -= hasSpecialConsideration(?p, ...
v Consideration Saxagliptin_Chroni... Patient(?p) * isPrescribed(?p, Saxagliptin} * hasRiskFactor(?p, Chronic_kidney_disease)-= hasSpecial...
v Consideration Sitagliptin_metfor.. Patient(?p)* hasDrugDruglnteraction{?p, Sitagliptin_metformin_sulfonylureas) -= hasSpecialConsider...
v DDI Alogliptin- no interaction isPrescribed(?p, Alogliptin} * Patient(?p) * swrib:equal(?Tetal_med, 1) * hasTotalMedication(?p, ?Total_...
v DDI Canaglifiozin - ACE (Benazep... isPrescribed(?p, Canaglifiozin) * Patient(?p) * isPrescribed(?p, Benazepril) * swrlb:notEqual(*Total_me..
v DDI Canaglifliozin - ACE (Captopril) isPrescribed(?p, Canaglifiozin) * Patient(?p) * isPrescribed(?p, Captopril) * swribnotEqual(?Total_med,...
v DDI Canagliflozin - ACE (Cilazapril) isPrescribed(?p, Canaglifiozin) * Patient(?p) * swrlb:notEqual(?Total_med, 1) " isPrescribed(?p, Cilaza...
« DDl Canagliflozin - ACE (Enalapril) isPrescribed(?p, Canagliflozin) * Patient(?p) * swrib:notEqual(?Total_med, 1) *isPrescribed(?p, Enalap...
v DDI Canagliflozin - ACE (Fosinopr... isPrescribed(?p, Canaglifiozin) * Patient(?p) * swrlb:notEqual(?Total_med, 1) * hasTotalMedication(?p, ...
+ DDl Canagliflozin - ACE (Lisinopril) isPrescribed(?p, Canagliflozin} * Patient(?p) * swrib:notEqual(?Total_med, 1) * hasTotalMedication{?p, ...

+ DDl Canaglifiozin - ACE (Ramipril) isPrescribed(?p, Canagliflozin} * Patient(?p) * swrib:notEqual(?Total_med, 1) * isPrescribed({?p, Ramip...

+ DDl Canagliflozin - ARBs (Cande... isPrescribed(?p, Canagliflozin) * Patient(?p) * isPrescribed(?p, Candesartan) * swrlb:notEqual(?Total_...

v DDI Canaglifiozin - ARBs (Eprosa... isPrescribed(?p, Canaglifiozin} * Patient(?p) * swrib:notEqual(?Total_med, 1) * hasTotalMedication(?p, ...
v DDI Canagliflozin - ARBs (Irbesart... isPrescribed({?p, Canaglifiozin} * Patient(?p) * swrib:notEqual(?Total_med, 1) * hasTotalMedication(?p, ...
v DDI Canaglifiozin - ARBs (Losarta... isPrescribed(?p, Canaglifiozin) * Patient(?p) * isPrescribed(?p, Losartan) * swrib:notEqual(?Total_med.,...
v DDI Canaglifiozin - ARBs (Valsart... isPrescribed(?p, Canaglifiozin} * isPrescribed(?p, Valsartan) * Patient(?p) * swrlb:notEqual(?Total_med...
v DDI Canaglifiozin - no interaction  isPrescribed(?p, Canaglifiozin) * Patient(?p) * swrib:equal(?Total_med, 1)* hasTotalMedication(?p, ?Tao...

¥ Search...

Comment

This rule infers special cons

This rule infers special cons...
This rule infers special cons

This rule infers special cons...
This rule infers special cons

This rule infers special cons...
This rule infers special cons...
This rule infers special cons...
This rule infers special cons...
This rule infers special cons...
This rule infers special cons...
This rule infers special cons...
This rule infers no interactio...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int

This rule infers drug-drug int...
This rule infers drug-drug int

This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers drug-drug int...
This rule infers no interactio...

New Edit = Clone Delete

A SWRL rule consists of the antecedent (body) and consequent (head) and can be

presented with the syntax form of

antecedent — consequent

Each part comprises zero or more atoms in the form of C(x), P(x,y), where C is an OWL

class, P is an OWL property, and x,y are OWL individuals or OWL data values.

Antecedent describes the conditions to be evaluated. If atoms are true in the antecedent

part of the rule, then it is concluded that the atoms in the consequent part will be true as

well [134].

For instance, the following SWRL rule uses class patient and data property hasage,

built-in functions, and individuals to assign a patient’s age risk factor:

A

Patient (?p) ~ hasAge (?p, ?2age)
hasRiskFactor (?p,Elderly)
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swrlb:greaterThan (?age, 65) ->




The first atom specifies that a patient is an individual of the class patient and is
represented by the variable 2p. This individual has a data object property hasage, which
denotes the age of the patient. The built-in greaterThan determines if this age is over
65. If these three atoms are TRUE then the consequent will be true. Therefore, the object
property of hasRiskFactor will be inferred (as opposed to asserted) for ?p with the

VdueElderly

The SWRL rules enabled personalization by inferring elements of medication
information based on a patient’s characteristics such as age, sex, alcohol drinking, and
comorbidity as well as DDI. These characteristics are abstracted from the CPS documents
during the knowledge abstraction phase. Some SWRL rules determine object properties
that will be evaluated in subsequent rules. For example, the above mentioned rule that
infers hasRiskFactor property with the value Elderly for the variable 2p will be
evaluated as part of the antecedent for subsequent rules to personalize information based

on the age risk factor. An example of this rule is the following:

A

Patient (?p) ~ isPrescribed(?p,Metformin)
hasRiskFactor (?p,Elderly) ->

hasSpecialConsideration(?p,Consideration metformin elderly)

The preceding rule infers points of consideration with regard to risk of ADRs based on
the age risk factor. In particular, the object property hasSpecialConsideration will be
assigned to ?p with the value Consideration metformin elderly . The individual
Consideration metformin elderly, In  turn, has the data  property

hasConsideration Description with the value “Risk of Lactic acidosis”.

The SWRL rule-base contains three sets of rules to 1) determine the side effects and
ADRs for the prescribed medication, 2) determine potential DDIs based on the patients’
concomitant drugs, and 3) determine points of consideration for potential occurrences of
ADREs. It is important to provide the patient with basic information about side effects and
ADRs of their medication. Thus, the first subset of rules ensures all patients receive
information on side effects and ADRs with the order of their frequency. This is possible

due to the ternary relation represented in the ontology which was discussed earlier. Table

67



4-8 lists several SWRL rules pertaining to the first subset of rules and the list of all
developed SWRL rules can be found in Appendix B.

Side Effects and ADRs Rules

No SWRL Rule

1 Patient (?p) ~ isPrescribed(?p, Metformin) ->
hasEducationMessageSideEffect (?p,Metformin uncommon ADR)
hasEducationMessageSideEffect (?p,Metformin common side effect) *
hasEducationMessageSideEffect (?p,Metformin rare ADR)

2 Patient (?p) ~ isPrescribed(?p, Alogliptin) ->
hasEducationMessageSideEffect (?p,Alogliptin common side effect)
hasEducationMessageSideEffect (?p,Alogliptin uncommon ADR) *
hasEducationMessageSideEffect (?p,Alogliptin rare ADR)

3 Patient (?p) ~ isPrescribed(?p, Canagliflozin) ->
hasEducationMessageSideEffect
(?p,Canagliflozin very common side effect)
hasEducationMessageSideEffect (?p,Canagliflozin common side effect)
” hasEducationMessageSideEffect (?p,Canagliflozin uncommon ADR) *
hasEducationMessageSideEffect (?p,Canagliflozin rare ADR)

9 Patient (?p) ~ isPrescribed(?p, Gliclazide) ->
hasEducationMessageSideEffect
(?p,Gliclazide very common side effect)
hasEducationMessageSideEffect (?p,Gliclazide uncommon ADR)
hasEducationMessageSideEffect (?p,Gliclazide very-rare ADR)

A

A

A

A

A

Table 4-8 First Subset of SWRL Rules to Identify Side Effects and ADRs

The second subset of rules determines potential DDIs based on the patients’ concomitant
drugs. Table 4-9 lists some SWRL rules pertaining to this subset. SWRL only supports
positive conjunctions of atoms. Therefore, to implement an OR condition in SWRL, the
original rule has to be broken down into separate rules with positive conjunctions [135].
For instance, to establish the DDI association between metformin and drugs in the ACE

inhibitors group, we could not directly use the following rule:

A

Patient (?p) ~ isPrescribed(?p, Metformin)
(isPrescribed (?p,Ramipril)or isPrescribed(?p, Captopril)) *
hasTotalMedication (?p, ?Total med) * swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

Instead, we broke down the rule into multiple rules, with each rule including one drug
belonging to the ACE inhibitors group. Thus, the correct way of presenting the preceding

rule is:
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A

1- Patient (?p) *~ isPrescribed(?p, Metformin) isPrescribed (?p,
Ramipril) ~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

2- Patient (?p) ” isPrescribed(?p, Metformin) » isPrescribed(?p,
Captopril) ~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

In total, ten SWRL rules (rule #13 to rule#22 in Appendix B) were developed to
represent the DDI association between metformin and drugs in the ACE inhibitors

medication category.

Drug-Drug Interactions Rules

No SWRL Rule

14 Patient(?p) ” isPrescribed(?p, Metformin) *
isPrescribed(?p,Ramipril) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

25 Patient (?p) ©~ isPrescribed(?p, Metformin ) *
isPrescribed (?p,Hydrochlorothiazide) ~ hasTotalMedication (?p,
?Total med) ” swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

31 Patient(?p) » isPrescribed(?p, Canagliflozin)
isPrescribed(?p, Furosemide) ”~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin loop diuretics)

42 Patient (?p) » isPrescribed(?p, Canagliflozin) *
isPrescribed(?p,Candesartan) ~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin ARBs)

54 Patient(?p) ”~ isPrescribed(?p, Empagliflozin)
isPrescribed(?p,Glyburide) " hasTotalMedication(?p, ?Total med) "
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction (?p,
Empagliflozin sulfonylureas)

A

A

Table 4-9 Second Subset of SWRL Rules to Identify DDIs

The third subset of SWRL rules evaluates the previously inferred properties and if they
evaluate to true, property hasSpecialConsideration will be inferred with the value of
specific consideration to be provided to the patient. Table 4-10 lists some SWRL rules
for this subset. For example rule# 90 in table 4-7 indicates that if there is a DDI
association is already inferred with the value of Met formin ACE inhibitors, points of

consideration for potential occurrence of ADRs will be inferred by means of property
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hasSpecialConsideration with the value of
Consideration metformin ACE inhibitors. The individual
Consideration metformin ACE inhibitors  stores the description of the

consideration through the data property of hasSpecialConsideration.

Special Consideration Rules

No SWRL Rule

87 Patient (?p) ~ isPrescribed(?p,Metformin) *
hasRiskFactor (?p,Elderly) ->
hasSpecialConsideration (?p,Consideration metformin elderly)
90 Patient (?p) “hasDrugDrugInteraction(?p,Metformin ACE inhibitors) -
>
hasSpecialConsideration (?p,Consideration metformin ACE inhibitors)
95 Patient (?p) » isPrescribed(?p, Canagliflozin) *
hasRiskFactor (?p,Diabetes kidney disease) ->
hasSpecialConsideration (?p,Consideration canagliflozin diabetic ki
dney disease)
100 Patient(?p) ~ isPrescribed(?p,Empagliflozin)
hasRiskFactor (?p,Binge drinking) ->
hasSpecialConsideration (?p,Consideration empagliflozin alcohol)
111 Patient(?p) "~ hasDrugDrugInteraction(?p,Glyburide diuretics) ->
hasSpecialConsideration (?p,Consideration glyburide diuretics)

Table 4-10 Third Subset of SWRL Rules for Patients’ Consideration

4.2.3. Reasoning Process

Knowledge in an ontology is specified using a formal language. Thus, it allows the
ontology to be processed by a computer program. This is referred to as the machine-
readability characteristic of the Semantic Web which supports decision-making
capabilities and allows for logical inferencing. As a result, we can perform reasoning
upon OWL ontology concepts to infer new knowledge. Inference engines or reasoners are
software applications that derive new facts from existing information. In Semantic Web,
inference engines process the knowledge expressed in the ontology and draw logical
conclusions based on the concepts and relationships that are already defined in the
knowledge base, thereby extending the OWL knowledge base by means of adding the
new inferred OWL concepts [35].

To perform reasoning on the OWL ontology combined with SWRL rules, one can either
employ an ontology-based reasoning approach such as the Pellet reasoner or third party

inference engines that support description logic reasoning such as Drools rule engine
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[133]. Drools is an object-oriented Java-based rule engine that uses a forward chaining
approach to invoke reasoning about ontologies [136]. Figure 4-14 presents the schematic

view of how the Drools rule engine supports reasoning with OWL ontologies and SWRL

rules.
Drools Rules
SWRL Rules
\
SWRLAPI .
Inference Engine
OWLAPI 1
Anti-Diabetic
Medication Ontology Drools Facts
Protégé Drools Rule Engine
Inferred OWL

Concepts

Figure 4-14 Drools Rule Engine Reasoning with OWL Ontologies with SWRL Rules

As shown in Figure 4-14, the Drools rule engine consists of a fact base, rule base and an
inference engine. First, OWL concepts (classes, properties and individuals) along with
SWRL rules are transformed to Drools facts and Drools rules respectively [136], [137].
This can be done in the protégé environment using the OWL+SWRL — Drools button of
the SWRLTab editor (Figure 4-6). The underlying mechanism for this integration is
SWRLAPI that provides a bridge between an OWL model with SWRL rules and a third-
party rule engine or OWL reasoner [138]. Second, the Drools rule engine can be executed
via the Run Drools button of the SWRLTab editor to do reasoning which entails
matching Drools facts against Drools rules to infer new conclusions [137]. The reasoning
results can be reviewed under Inferred Axioms of the SWRLTab editor (Figure 4-15).
Lastly, inferred facts are inserted back to the OWL ontology using the Drools — OWL
button. Through this process, SWRL rules along with the Drools rule engine support rule-

based reasoning in the Semantic Web area.
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File Edit WView Reasoner Tools Refactor Window Help

Active ontology x| Entities = Individuals by class = | DL Query x | OntoGraf x SWRLTabh x

Mame Rule Comment

Consideration Canaglifio... DiabetesPersonalizedDruginformationSystem:Patient(?p) » DiabetesP.. This rule infers special consideration for DDI Canagl

Consideration Canaglifio... DiabetesPersonalizedDruginformationSystem:Patient(?p) » DiabetesP.. This rule infers special consideration for Canaglifiozi

Consideration Canaglifio... DiabetesPersonalizedDruginformationSystem:Patient(?p) » DiabetesP.. This rule infers special consideration for Canaglifiozi

LL LS LS

MNew

Control | Rules | Asserted Axioms | Inferred Axioms  OWL 2 RL

OWL axioms successfully transferred to rule engine.

Mumber of 3WRL rules exported to rule engine: 112

MNumber of OWL class declarations exported to rule engine: 131
Mumber of OWL individual declarations exported to rule engine: 308
Mumber of OWL object property declarations exported to rule engine: 10
MNumber of OWL data property declarations exported to rule engine: 8
Total number of OWL axioms exported to rule engine: 1609

The transfer took 11671 millisecond(s).

Press the ‘Run Drools’ button to run the rule engine.

OWL+SWRL-+Drools Run Droals Drools-=0WL

To use the reascner click Reasoner > Start reasoner | v Show Inferences

<4 DiabetesPersonalizedDruglnformationSystem — m] x

@ DiabetesPersonalizedDruginformationSystem (http:/semanticweb. org/sarah/DiabetesPersonalizedDruglnformationSystem_owl) =|| Search...

1- Elderly risk factor DiabetesPersonalizedDruginformationSystem:Patient(?p) * DiabetesP... This rule infersassertation of hasRiskFactor(Patient,..

Consideration Canagliflo... DiabetesPersonalizedDruginformationSystem:Patient(?p) * DiabetesP... This rule infers special consideration for ODI Canagl...
Consideration Canagliflo... DiabetesPersonalizedDruglnformationSystem:Patient(?p) * DiabetesP... This rule infers special consideration for Canagliflozi...
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Control | Rules | Asserted Axioms | Inferred Axioms | OWL 2 RL

A
EquivaleniClasses: Peripheral_neuropathy
Canaglifiozin_very_common_side_effect Type Common_side_effect or Rare_ADR or Uncommaon_ADR or Very_rare_ADR
EquivalentClasses: Meglitinides
Hypoglycemia_1 Type AdverseDrugReaction
Glyburide_rare_ADR Type Commeon_side_effect or Rare_ADR or Uncommon_ADR or Very_rare_ADR
DPP-4_inhibitors SubClassOf owl:Thing
Glyburide_rare_ADR Type EducationMessageSideEffectADR
Samelndividual: Glimepiride_hypoglycemia
Samelndividual: Eprosartan

To use the reascner click Reasoner > Start reasoner || [Show Inferences

Figure 4-15 Integration of SWRLTab with Drools Rule Engine

Alternately, ontology-based reasoning is another method for reasoning with OWL and
SWRL rules. The Pellet reasoner is an example of an OWL reasoner that is bundled with
protégé 5.5. Pellet is a description logic reasoner, and since OWL is also constructed on

the basis of description logic, Pellet is widely used to reason with OWL ontologies

combined with SWRL rules [139].

We investigated the comparison between Drools-based reasoning and ontology-based
reasoning in the literature to determine the appropriate approach for performing
reasoning in our proposed system. For smaller numbers of rules, the Pellet reasoner is
reported to execute the rules much faster than the Drools rule engine [140]. It is

suggested that the Drools rule engine is better suited for large environments with

complex domain knowledge because of its scalability and performance [140].
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Similarly, Van Hille et al. compare these two reasoning approaches for the domain of
cardiology taking into consideration different criteria. Similar to the previous study,

Pellet-based reasoning ranks higher in terms of execution time [141].

One of the advantages of the Pellet reasoner is easy traceability of the executed rules with
an explanation of how the new inferences are derived [139]; in contrast, a certain level of
customization is required with Drools to provide a reasoning explanation. Since Pellet is
a description logic reasoner, it can conveniently deduct subsumption relations in the
ontology without having to require explicit rules. In contrast, formulation of subsumption
relations will translate into multiple rules in Drools. Therefore, while Drools is a good
solution for scaling up, maintaining the number of Drools rules may become challenging

for ontologies with higher levels of granularity [141].

For those reasons, we chose to employ ontology-based reasoning and in particular the
Pellet reasoner as the reasoning engine for our proposed KBS. Figure 4-16 shows the
schematic view of how the Pellet performs the reasoning with the OWL ontology and
SWRL rules. It combines the domain-related knowledge that is formally described in the
ADM ontology along with the inference logic that is expressed in SWRL to draw

conclusions on appropriate patient-specific medication information.

W

Q Reasoner Inferred
Q# # Elements of
Medication
Information

Patient Electronic

Medical Record Data
Anti-Diabetic SWRL

Medication Ontology Rules

Protégé Environment

Figure 4-16 Ontology-Based Reasoning with OWL Ontologies and SWRL Rules
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The reasoning process in DPD(DS comprises execution of three sets of rules to derive the

three personalized segments of medication information for patients including:

I- Inferring side effects and ADRs related to the patient’s prescribed
antihyperglycemic medication.
2- Inferring potential DDIs based on the patient’s drug regimen.

3- Inferring appropriate risks and consideration based on the patient’s risk factors.

To demonstrate the reasoning process in DPD({)S, consider an elderly patient with
T2DM and hypertension who is taking metformin for lowering blood sugar level and
captopril for lowering blood pressure. Figure 4-17 shows the initial property assertions
for patient 02, an individual of the class patient. Once reasoning is invoked in protégé,

Pellet will infer new associations based on OWL and SWRL rules (Figure 4-15).

Description: Patient_02

Types

Patient

Same Individual As

Property assertions: Patient_02

Object property assertions
B isTreatedBy Provider_01
B isPrescribed Metformin
W hasRiskFactor Hypertension
M isPrescribed Captopril
Diata property assertions
B hasTotalMedication 2
B hasAge 68

Figure 4-17 Asserted Object Properties (Before Reasoning)

As shown in the Figure 4-17, for the individual patient 02, four object properties and
two data properties have been asserted in the ontology. When reasoning is completed,
seven object properties are inferred and added into the list of object properties for the

individual patient 02 (Figure 4-18).
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Description: Patient_02

Types

@ Patient

Same Individual As

Property assertions: Patient_02

Ohbject property assertions
M isTreatedBy Provider_01
M isPrescribed Metformin
B hasRiskFactor Hypertension
W isPrescribed Captopril
B hasDrugDruglinteraction Metformin_ACE_inhibitors

B hasEducationMessageSideEffect Metformin_commuon_side_effect

M hasEducationMessagesSideEffect Metformin_uncommon_ADR
M hasEducationMessageSideEffect Metformin_rare_ ADR
B hasRiskFactor Elderly

B hasSpecialConsideration Consideration_metformin_ACE_inhibitors

M hasSpecialConsideration Consideration_metformin_elderly

Data property assertions
B hasTotalMedication 2
B hasAge 68

Figure 4-18 Inferred Object Properties (After Reasoning)

In this example, Pellet reasoner inferred the following information:

1-

5-

Elderly risk factor for ADRs due to the patient’s age

The potential drug-drug interaction between metformin and captopril

Common sides effects and ADRs for metformin

Consideration for the patient concerning the age risk factor and possibility of
ADRs

Consideration for the patient concerning potential DDIs

The Pellet reasoner derived the above inference by invoking five SWRL rules that are

listed in the Table 4-11.

No SWRL Rule

1 Patient (?p) ”~ hasAge (?p, ?age) ” swrlb:greaterThan (?age, 65) ->
hasRiskFactor (?p,Elderly)

2 Patient (?p) "“isPrescribed(?p,Metformin) ->
hasEducationMessageSideEffect (?p,Metformin common side effect) *
hasEducationMessageSideEffect (?p,Metformin uncommon ADR) *
hasEducationMessageSideEffect (?p,Metformin rare ADR)

3 Patient (?p) ~ isPrescribed(?p,Captopril) *
swrlb:notEqual (?Total med, 1) ”~ isPrescribed(?p,Metformin) *
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) SWRL Rule

hasTotalMedication (?p, ?Total med) ->
hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

4 Patient (?p) * hasDrugDrugInteraction (?p,Metformin ACE inhibitors) ->
hasSpecialConsideration (?p,Consideration metformin ACE inhibitors)

5 Patient (?p) ~ isPrescribed(?p,Metformin) "“hasRiskFactor (?p,Elderly)
-> hasSpecialConsideration(?p,Consideration metformin elderly)

Table 4-11 Subset of SWRL Rules Used for Reasoning

Rule #1 will add the value of Elderly to the hasRiskFactor property for all those
individuals of the class Patient who have the 65 and over for the value of the hasage
property. Rule #2 will derive generic side effects and ADRs for the drug metformin. Rule
#3 will infer the potential DDIs between the metformin and captopril drugs. Rule #4 and
#5 use the previously inferred associations as part of antecedent and if they are true,

considerations for patients will be deduced given patient-specific risk factors.

The Pellet reasoner can show the logical steps it takes to reach a certain conclusion
concerning each new inference. In other words, it provides proof of the reason an object
property is inferred. For the above mentioned example, Pellet concluded seven object
properties. Figure 4-19 shows the logic behind the inference of one of the object
properties, the hasbrugbrugInteraction property to the individual patient 02 with

theVahK:Metformin_ACE_inhibitor&

EXp|EI"IatiDI’1 1 Display laconic explanaticn
Explanation for: Patient_02 hasDrugDruglnteraction Metformin_ACE_inhibitors
Patient_02 hasTotalMedication 2 ALL
Patient(?p), isPrescribed(?p, Captopril), notEqual(?Total_med, 1), isPrescribed(?p, Metformin), ALL

hasTotalMedication(?p, ?Total_med) = hasDrugDruglnteraction(?p, Metformin_ACE_inhibitors)

isPrescriped Domain Patient MO
Patient_02 isPrescribed Metformin ALL
Patient_02 isPrescribed Captopril ALL

Figure 4-19 Logical Steps Taken to Infer Property Metformin_ACE_inhibitors

As shown in Figure 4-19, to make such an inference, Pellet has utilized:

® hasTotalMedication data property as shown in line #1 in the above figure
e One SWRL rule as shown in line #2 in the above picture

e isPrescribed object property as shown in line #4 and #5
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e Two individuals from class PrescriptionDrug, namely Metformin and
Captopril

4.2.4. Improvement to the Ontology of Drug Adverse Event

When reviewing existing ontologies, the ontology of drug adverse events [124] was
analyzed. One of shortcomings about the way in which adverse events and drugs are
represented in their ontology is the lack of representation for descriptive qualifiers about
the adverse events. To better show the problem and the solution that is provided in the
ADM ontology, Figure 4-20 presents each relation with top showing the object properties
of diarrhea aE class from ODAE and the bottom one showing piarrhea class from the
ADM ontology. In ODAE, the severity of the adverse event is represented through
separate object property has participant quality whereas in the ADM ontology, the
descriptive quality of “common” is encapsulated within the relationship of metformin and

diarrhea due to the n-ary design of the relation.

Equivalert To

SubClass Of
‘abnormal defecation AE'
'has participant quality’ some
("AE severity G1' or "AE severity G2' or 'AE severity G3' or "AE severity G4' or "AE severity G5')
‘oCccurs in” some
{Adolescent

and ("has disease' some 'type 2 diabetes mellitus')
and ('treated with drug" some METFORMIN))

Equivalent To

SubClass Of
AdverseDrugReaction

isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_jin some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group)))
and (hasADR_Probability value "Common"))

Figure 4-20 ADM Ontology versus Ontology of Drug Adverse Events
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4.3. Development of the Diabetes Personalized Drug Information System

The final step in design and development of our proposed web-based KBS was to build
the physical application of DPD()S. To build the physical application, the Python
programming language along with Flask as a web framework was utilized. To handle the
ADM ontology within Python, we used Python library Owlready2. Owlready2 is an
updated module for ontology-oriented programming compared to the previous version,
Owlready. It allows users to load OWL ontologies as Python objects, modify them and
perform reasoning with Pellet reasoner in addition to HermiT, which was the only
reasoner available in the Owlready version. Figure 4-21 shows the architecture of

Owlready as presented in the original paper by Jean-Baptiste Lamy [142].

Python runtime memory

Metaclasses
Classes | Methods | | | Properties | -
Individuals |
Lazy [ Automane
T o parser T upeates "-"Pﬂ":ﬁ
i inferences
Reasoner
Methods |CIﬂSSE’S | Properties | Individuals | (HermiT)
: Serialized
Ontology- RDF quadstore ROIF iripes
specific [
Python L database (SQLite3 -
source files =Q =0 ) et
i l LIRS
T \ T T | RDFlib
SPARQL
Ontologies files NTriples ROFMML OWLML mg"?g

Figure 4-21 General Architecture of Owlready; Taken from [142]

As shown above, the Owlready module consists of five components: 1) resource
description framework (RDF) database for storage and retrieval of triples, 2) metaclasses
for OWL classes and constructs, 3) ontology-specific source files if they are needed, 4)
the HermiT or Pellet reasoner, and 5) a query engine to access the RDF database. When
an ontology is accessed in Python via Owlready, it is loaded to the memory from the
RDF database and is wrapped in a Python object. If the Python object encapsulating the
ontology is modified with changes in classes, properties or individuals, the underlying
RDF database is updated by means of adding, removing or modifying the RDF triples
[142].
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The ADM ontology is created in OWL-DL in Protégé. To access the ADM ontology in
Python, first we exported it as RDF format because Owlready2 supports the ontology file
format of RDF/XML.

As explained, the imported ontology is wrapped in a Python object. Therefore, accessing
classes, properties and individuals follows similar syntax as the object-oriented
programming style via using dot notation [142]. For instance, once we imported the
ADM ontology as RDF format and loaded it in onto object in Python, we were able to
access the class PrescriptionDrug by using onto.PrescriptionDrug. Similarly,
other constructs in the ADM ontology can be accessed the same way. The GitHub
documentation on Owlready2 was reviewed for better understanding of features offered

by Owlready2 module [143].

4.3.1. Presentation Layer

The presentation layer is responsible for presenting the result of personalization of
medication information to patients. We used Python and Bootstrap templates to develop
the interface and the forms for DPD(DS. Bootstrap can be conveniently incorporated with

the Flask web framework.

To better demonstrate the DPD(DS interface, consider the following example adapted
from case studies available on the Diabetes Canada website [144] (formerly known as

Canadian Diabetes Association):

Johnathan is an 86-year-old obese man who has had type 2 diabetes for 3 years.
His blood pressure is 132/83 mmHg and his physical exam is otherwise normal.

He is currently on the following meds:

e metformin 500mg 2 tablets twice daily
e alogliptin Smg 2 tablets twice daily
e hydrochlorothiazide 10mg 1 tablet daily

e lisinopril 2.5mg I capsule daily
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The first screen of DPD()S interface is the patient search screen as shown in the

following figure. It searches through the list of patients that is prepopulated into a SQLite

database.
@ Diabetes Personalized Drug Infor X 4 - o x
¢ C  ® 127.00.1:5000 * @ :

Patient Drug Information  Prescription Drugs

DPD®S Diabetes Personalized Drug Information System

DPDQ@S is a prototype knowledge-based system that provides

personalized medication information to patients with diabetes
type Il

jot x | -

Johnathan Meadows

Figure 4-22 Patient Search Screen

Once the patient is selected from the drop down box, the next screen consists of four
sections. The first part shows a summary of patient’s characteristics that are relevant to
providing medication information. The second section highlights points of consideration
for patients regarding the possibility of ADRs given their individual situation. In this
example, the patient is taking lisinopril and hydrochlorothiazide as diuretics for
hypertension, and metformin and alogliptin to manage T2DM. Since the patient is over
65 years of age, DPD(DS shows elderly as one of the risk factors for this patient. Given
the patient’s risk factors, medical conditions and other prescription drugs, DPD({DS
generates a list of potential ADRs with his drug regimen. The type of risk factor
associated with each ADR is presented at the top along with a small description,
explaining how the risk factor affects the occurrence of that specific ADR. For instance,
the risk of lactic acidosis is higher among patients with impaired renal function and aging
is associated with reduce renal function. Therefore, elderly patients are more susceptible

to developing lactic acidosis. The description for each consideration is based on the
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results of the knowledge abstraction phase that is discussed earlier. Figure 4-23 shows the

patient’s profile and the Consideration section of DPD(DS.

@ Dizbetes Personalized Drug Info X + - s} x

«

C @ 127.0.0.1:5000/patient/Patient_05 4 e

Patient Drug Information  Prescription Drugs

Age: 86
Johnathan Meadows Medications: Alogliptin, Hydrochlorathiazide, Lisinopril, Metformin

Conditions: Diabetes mellitus

Risk Factors: Male, Elderly

Special Consideration

Consideration metformin elderly

Risk of Lactic acidosis. Lactic acidosis is a rare, but serious, metabolic complication that occurs due to metformin accumulation during treatment with metformin hydrochloride.
When it occurs, it is fatal in approximately 50% of cases. The risk of serious adverse reactions to the drug is greater in patients with impaired renal function. Since aging is
associated with reduced renal function, elderly patients are more susceptible to developing lactic acidosis. The risk of lactic acidosis increases with the degree of renal dysfunction
and the patient's age

Consideration metformin ACE inhibitors

Risk of hypoglycemia due to drug-drug interaction between metformin and ACE inhibitors. Signs of low blood sugar level (hypoglycemia) include anxious feeling, drowsiness,
chills, cold sweats, confusion, cool pale skin, difficulty in concentration, excessive hunger, fast heartbeat, headache, nausea, nervousness, shakiness, unsteady walk, unusual
tiredness or weakness. If you recagnize some of these signs of the drop in blood sugar, immediately eat or drink something containing sugar and notify your doctor without

delay. Good sources of sugar are: orange juice, com syrup, honey, or sugar cubes or table sugar (dissolved in water)

Consideration metformin diuretics

Risk of hyperglycemia. Hyperglycemia or high blood sugar may lead to a loss of blood sugar control. Signs and symptoms are increased thirst and/or hunger, blurred vision and
frequent urination (peeing) and headache. that may lead tc a loss of blood sugar centrol

Figure 4-23 Summary of Patient's Profile and Special Consideration
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Patient Drug Information  Prescription Drugs

Side Effects and Adverse Drug Reactions

Alogliptin commen side effect

Hypoglycemia

Alogliptin uncommon ADR

Allergic skin reactions

Pancreatitis

Alogliptin rare ADR

Bullous pemphigoid

Liver problem

Stevens Johnson syndrome

Hypoglycemia is also known as low blood sugar. Signs and symptoms are trembling, sweating, anxiety, blurred vision, tingling lips, paleness

Allergic reactian includes severe rash, hives, swallawing or breathing problems, swelling of your lips, face, throat, tangue and feeling faint

Unusual muscle pain

Pancreatitis or inflammation of the pancreas is prolonged severe abdominal pain which may be accompanied by vomiting: pain may spread out
towards the back

Bullous pemphigaid is severe skin reaction. Signs and symptoms include redness, peeling skin, and/or blistering of the skin, lips, eyes or mouth

Liver disorders include nausea or vomiting, stomach pain, unusual or unexplained tiredness, loss of appetite, dark urine or yellowing of your skin
or the whites of your eyes

Stevens-Johnson syndrome is a severe allergic reaction. Sings and symptoms include serious rash, skin reddening, pain, swelling of lips. eyes or
mouth, skin peeling and flu-like symptoms

Figure 4-24 Generic Side Effects and ADRs for Alogliptin Drug

It is important to provide patients with basic side effects and ADRs for their medication
in addition to personalized information for their drug regimen. Therefore, section two
lists the side effects and ADRs with the order of their frequency for each
antihyperglycemic drug prescribed for the patient. This is possible due to the ternary
relation that is developed in the knowledge base of the system. Figure 4-24 presents the
list of side effects and ADRs for the drug alogliptin in the patient’s drug regimen. Similar

to the previous section, the description for each ADR is an outcome of the knowledge

abstraction phase.

The last section for presenting medication information is identification of potential DDIs

among the prescribed medications shown in the following figure.
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C @ 127001 t/Patier * @

«

Patient Drug Information  Prescription Drugs

Drug-Drug Interaction

Metformin diuretics

Diuretics tend to produce hyperglycemia (high blood sugar) and may lead to a loss of blood sugar control

Metformin ACE inhibiters

ACE inhibitors may lower blood glucose and the combination with metformin should be carefully monitored.

Figure 4-25 Potential DDIs among the Patient’s Prescribed Medications

4.3.2.

System Architecture

The general architecture of DPD(S is presented in Figure 4-26. It includes three layers:

1-

Presentation Layer: DPD(DS is aimed at both primary health care providers and
patients. The presentation layer is responsible for the user-computer interaction
for the purpose of data presentation. It presents personalized medication information
based on the patient’s profile and underlying risk factors.

Semantic Web Layer: This layer controls all the system operations by performing
processes: 1) to access to the knowledge model that was built in OWL-DL in the
protégé editor; i1) to access patient data that is stored in a SQL database; and, iii)
to connect to the interface for presenting medication information to health care
providers at the point of care. These processes were explained in greater detail at
the beginning of this chapter.

Data Layer: This layer serves as a repository for patient data in our prototype
DPD(S. It contains 40 samples of patient records with information such as
patient demographics, medical conditions, medications and other information that

are required for the provision of patient medication information.
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Figure 4-26 Schematic View of DPD®S Architecture
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CHAPTER FIVE: EVALUATION

5.1. Evaluation Approach

DPD(S is a proof-of-concept KBS that uses an ontology-based knowledge model along
with SWRL rule-based reasoning to provide tailored medication information to patients
with T2DM with regard to their anti-diabetic drug regimen. As noted in the research
methodology steps (Figure 3-3), the last step in this research is the evaluation of the

proposed system. This chapter covers the processes undertaken to evaluate the DPD()S.

According to IEEE Standard Glossary of Software Engineering Terminology, verification

and validation (V&V) processes are defined as [145]:

Verification: “(1) The process of evaluating a system or component to determine
whether the products of a given development phase satisfy the conditions imposed

at the start of that phase. (2) Formal proof of program correctness”

Validation: “The process of evaluating a system or component during or at the
end of the development process to determine whether it satisfies specified

requirements.”

The verification process essentially investigates whether the product is being built
correctly and the validation process addresses the question of whether the correct product
is being built. These definitions, however, are for software programs. The architecture of
KBS is different from conventional software programs in that they include concepts such
as an inference engine, knowledge representation and reasoning. Therefore, the definition

of verification and validation for these systems may differ [146].

In the context of KBS, the definition for verification can be adapted to describe the
process of evaluating the system to investigate whether or not the requirements that are
initially specified are fulfilled by the system. Similarly, validation of a KBS is defined as
the process of evaluating the system to investigate whether or not it meets end-user

requirements. In the verification process, we aim to determine whether the system is
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built based on its formal design specifications and for the validation process, our effort is

to determine if the KBS meets the actual needs of the user [147].

Knauf et al. characterize the validation process as something that “lies in the eye of the
beholder”. Figure 5-1 shows the difference between these two concepts and is adapted

from the original illustration by Knauf et al [148].

Domain Knowledge

»{K)]l)h)

Doma'nl Requirement Specification Knowledge-Based System
Experts A I I
[ — 1 1

1 -
H f Verification f

f Validation

Validation

Figure 5-1 Verification and Validation of a KBS; adapted from [148]

To evaluate our proposed system, we focused on the validation process. To this end, we
adopted the framework for validation of rule-based systems proposed by Knauf et al.

[149] which includes the following steps:

1- Test case generation: Prepare and generate a set of test cases. In this step, two
things need be taken into consideration that seemingly contradicts each other. On
one hand, the number of test cases should be high enough to ensure the
completeness in coverage for all scenarios. On the other hand, the number of case
scenarios should be low enough to allow for efficiency and practical validation.

2- Test case experimentation: This step involves executing the prepared test cases by

the KBS. Domain experts should then evaluate the correctness of the system’s
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outputs. Responses from KBS as well as domain experts should be documented
for the next step.

3- Evaluation: In this step, disparities in results between KBS output and domain
experts’ opinion will be evaluated to determine errors associated with the KBS
outputs.

4- Validity assessment: This step concludes the validity of the KBS by analyzing the
results from the previous step.

5- System refinement: This step involves improving the KBS based on the errors

found in the evaluation step.

We had to adapt the abovementioned methodology to fit the context of this research.
Knowledge resources to be used for ontology development consists of ontological
resources such as previously built ontologies, as well as non-ontological resources such
as domain experts’ knowledge or existing guidelines about domain knowledge [33]. For
non-ontological resources, one can obtain knowledge directly from domain experts
through various top-down knowledge elicitation techniques but this approach may not be
practical as access to domain experts is often challenging. In this research, we selected
the CPS as non-ontological knowledge resource to guide our ontology development
efforts. For this reason, we modified the second step in the evaluation methodology
described. The generated tests cases were not consulted with domain experts; rather the

CPS was used to ensure the correctness of the outputs of the DPD(DS.

5.2. Test Case Generations

A scenario-based approach was used to prepare test cases. The website for Diabetes
Canada (formerly known as Canadian Diabetes Association) offers several case studies
on drug therapy for T2DM as part of the clinical practice guidlines [144]. As noted in the
background section 2.1, the majority of patients with T2DM are on metformin
monotherapy. The addition of second antihyperglycemic agent is considered if the
glycemic target is not achieved with monothepray of metformin [38]. We split the test
cases into two groups. The first group consists of patients with T2DM who are prescribed
only metformin medication. The second group comprises patients with T2DM who are on

combination therapy, that is, metformin and one or two other antihyperglycemic agents
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presented in Table 2-1. To achieve completeness for the test combinations in the first
group (metformin monotherapy), several drug-related factors such as interactions
between metformin and other drugs along with patient-related factors such as age,
underlying medical conditions, and drinking habits were taken into consideration to
generate the test cases. These factors will impact the occurrence of ADRs in patients
taking metformin. Below is one of the examples for test scenarios used in group one,

patients with T2DM who are on metformin monotherapy:

Willie is a 65-year-old white woman who was diagnosed with type 2 diabetes 11
vears ago. She believes that her diabetes has been fairly well controlled during
the past 11 years. Her multiple medical conditions include type 2 diabetes,
hypertension, and asthma. Her routine medications include metformin 500mg
twice day, the fluticasone metered dose inhaler, two puffs twice a day; captopril

80 mg every morning.

All test cases were created in MS Excel format before being exported to SQLite database
to be executed with DPD()S. Figure 5-2 shows a schematic view of different tables that

construct the test case corresponding to this example.

(a)
Measur
Medicati Medication_end dication_ dicati dication|ement_ dication_|Medication_| Medication_d dication_d dication_dis|Medication_di
on_ID | Patient_ID | Medication_start_date _date name _code _strength [ unit dose frequency |uration_count | uration_unit | pensed_count |spensed_form
salmeterol
and
63 7 28-Oct-10 14-Feb-11 fluticasone  RO3AC02 5 mg 1QDp 90 Day 90 Tablet
64 7 28-Oct-10 14-Feb-11 Captopril CO9AAO01 80 mg 1Qb 90 Day 90 Capsule
65 7 01-May-19 01-May-20 Metformin  A10BA02 500 mg 2 BID 90 Day 360 Tablet
Disease_
1D Patient_ID Disease_name Disease_code Patient_ID | Birthyear [are_proy First_name | Last_name Gender
9 7 Diabetes mellitus 250 7 1955 1/ Willie Bennett M
10 7 Essential hypertension 401.9
11 7 Asthma 493

Figure 5-2 A Test Case (a) Medication Table, (b) Disease and Patient Table

To achieve completeness in test combinations of the second testing group(metformin
drug plus second-line antihyperglycemic agents), we followed the recommendation by

the diabetes clinical practice guidelines [38] as illustrated in Figure 5-3.
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Nutritional therapy,
weight management,
physical activity +/-
metformin

No

At diagnosis of T2DM
Is glycemic control >=
1.5% above target?

P

Ye

Start metformin immediately
Consider a second concurrent
antihyperglycemic if not at glycemic target

If not at
glycemic target

Does the patient have
clinical cardiovascular
disease?

\ 4

Yes
No
v
\ 4
Add additional antihyperglycemic best suited to
Start antihyperglycemic individual based on the following:
. d.emonstrated - Clinical consideration Choice of drug
benefit:
. Empagliflozin Avoidance of 0 DPP-4 Inhibitor
* Liraglutide hypoglycemia and/or «  GLP1 receptor
*  Canagliflozin weight gain with agonist
adequate glycemic e SGLT2 inhibitor
efficacy
Other considerations:
(Cost coverage, CV risk See Table 2-1
factors, Patient preference

Figure 5-3 Pharmacotherapy in T2DM, adapted from [38]

Following the flowchart recommended by Diabetes Canada clinical practice guidelines
[38] as shown in the preceding figure, we tried to generate combinations of metformin
plus other antihyperglycemic agents that reflect the reality of the typical T2DM drug
regimen as much as possible. For instance, if the patient does not have cardiovascular
disease, any medication from drug classes of (DDP-4 inhibitor or GLP1 receptor agonist)
and/or SGLT2 inhibitor was used for prescription. Below is an example of test cases

used in the second group.
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Evan is a 48 year old real estate executive who has had type 2 diabetes for the
last 6 years. He has been treated with metformin for 2 years and is now taking
1000 mg bid. He is in for a visit and his AIC is 7.8%. He has no other co-
morbidities and your goal AIC for him is < 7.0%. He has been successful at
achieving this until now. He cannot think of any change in his lifestyle behaviour
that could account for this increase in A1C. His health care provider determines
that it is time to initiate a second pharmacologic agent. After considering drug
cost, risk of hypoglycemia, effect on his weight, and expected A1C lowering, his
health care provider chooses to add sitagliptin 40 mg bid for its low risk of
hypoglycemia and weight gain, and long-term cardiovascular (CV) safety.

5.3. Test Case Experimentation

Tests cases developed in the MS Excel spreadsheet were exported to SQLite database
that would be used as patient data in the data layer of DPD()S. To examine the
correctness of the DPD(DS outputs, test cases were evaluated with the evidence-based
patient medication information documents offered by the CPS [126]. The results of both

DPD()S and manual examination with the CPS were documented for evaluation.

5.4. Evaluation

Overall 35 cases were executed with DPD(DS as well as manually evaluated with the
CPS documents based on the patient’s profile including demographics, medical
conditions and concomitant drugs. The total number of tests cases for the metformin
monotherapy group was 20 and the combination therapy group (metformin plus second-

line antihyperglycemic agents) had 15 test cases.

For the first group, there were three DDIs for which part of the output for DPD(DS was
incorrect. According to the CPS information, thiazide diuretics (e.g., hydrochlorothiazide,
indapamide) may interact and decrease antihyperglycemic effect of metformin, leading to
hyperglycemia ADRs. However, furosemide drug is a loop diuretic. As a result of
interaction between furosemide and metformin, plasma concentrations of metformin may

be increased, leading to hypoglycemia ADR. In addition, loop diuretics may increase the
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risk of lactic acidosis (too much acid in the blood) due to their potential of decreasing
renal function. While DPD(DS presents the correct risk of ADR for the metformin and
thiazide diuretics interaction, it incorrectly categorized the furosemide and metformin
interaction. It also missed the increased risk of lactic acidosis as a result of taking
furosemide. The second DDI that was missed by DPD(DS was the interaction between
the corticosteroid medication class and metformin which may decrease
antihyperglycemic effect of metformin and potentially lead to hyperglycemia ADR.

These incorrect interactions occurred in 5 cases.

For the second group of test cases (metformin plus second-line antihyperglycemic
agents), there was one scenario in which an increased risk of diabetic ketoacidosis, a rare
but serious ADR that is seen with SGLT2 inhibitors, was missed by the DPD({S.
According to the CPS, high alcohol consumption can precipitate diabetic ketoacidosis in
patients taking dapagliflozin. The potential influence of high alcohol consumption on
other medications in the SGLT2 inhibitors drug class had already been covered with
SWRL rule #92 and SWRL rule #100 in Appendix B. The missing relationship between
alcohol and dapagliflozin occurred in two cases. Altogether, there were 7 cases out of 35

for which DPD(DS outputs did not match the information on CPS thoroughly.

Figure 5-4 shows the medication information elements in DPD(DS in comparison with
CPS evidence-based information. Color coding is utilized to illustrate the elements of
information that DPD(DS failed to identify. As shown in Figure 5-4, cells with green
background color indicate a correct match between DPD({S outputs and CPS
information. Cells with red background color reflect a failed outcome by DPD()S. This
means that either the information was incorrectly shown to the patient, as in the case of
the furosemide and metformin interaction, or there was lack of information in the areas
where the system should have provided education to the patient, as in the case of

increased risk of diabetic ketoacidosis ADR with alcohol consumption.
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(a)

Patient_ID

Side effects/ADRs

pPD(DS ouputs

DDlIs

Considerations

15

metformin common side effects
metformin uncommon ADR
metformin rare ADR

metformin-diuretics

consideration-metformin-alchohol
consideration-metformin-elderly

21

metformin common side effects
metformin uncommon ADR
metformin rare ADR

metformin-diuretics
metformin-ACE interactions

consideration-metformin-elderly
consideration-metformin-ACE

31

metformin common side effects
metformin uncommon ADR
metformin rare ADR

glyburide common side effects
glyburide uncommon ADR
glyburide rare ADR

glyburide very rare ADR
dapagliflozin common side effects
dapagliflozin uncommon ADR
dapagliflozin rare ADR
dapagliflozin very rare ADR

dapagliflozin-sulfonylureas

consideration-metformin-alchohol
consideration-dapagliflozin-sulfonylureas

(b)

Patient_ID

Side effects/ADRs

CPS consultations

DDIs

Considerations

15

metformin common side effects
metformin uncommon ADR
metformin rare ADR

metformin-furosemide

consideration-metformin-alchohol
consideration-metformin-elderly
consideration-metformin-furosemide-hypoglycemia
consideration-metformin-furosemide-lactic-acidosis

21

metformin common side effects
metformin uncommon ADR
metformin rare ADR

metformin-diuretics
metformin-ACE interactions
metofrmin-corticosteroids

consideration-metformin-elderly
consideration-metformin-ACE
consideration-metformin-corticosteroids

31

metformin common side effects
metformin uncommon ADR
metformin rare ADR

glyburide common side effects
glyburide uncommon ADR
glyburide rare ADR

glyburide very rare ADR
dapagliflozin common side effects
dapagliflozin uncommon ADR
dapagliflozin rare ADR
dapagliflozin very rare ADR

dapagliflozin-sulfonylureas

consideration-metformin-alchohol
consideration-dapagliflozin-sulfonylureas
consideration-dapagliflozin-alchohol

Figure 5-4 Evaluation between (a) DPD({DS Results and (b) CPS Consultation

5.5. Validity Assessment

We calculated the accuracy of the DPD(DS based on the following formula:

Accuracy =

Number of DPD()S decisions that matched the gold standard of CPS

Total number of DPD()S decisions

* 100%

Overall, 27 cases out of 35 completely matched the result of manual evaluation with the

CPS. Therefore, our prototype system reached an accuracy of 77%, that is, DPD(DS was
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able to correctly provide personalized medication information for 77% of anti-diabetic

drug prescriptions.

5.6. System Refinement

Based on the results of the evaluation step, appropriate SWRL rules were developed and
added to the ADM ontology to address the failed outputs by DPD(DS. These rules
determine the interaction between metformin and furosemide, between metformin and the
corticosteroid medication class, and the influence of alcohol on dapagliflozin. Upon
improvement of the SWRL rules, DPD()S was executed again and all test cases matched

the results of the CPS information.

Drug-Drug Interactions Rules

No SWRL Rule

1 Patient (?p) ”~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Furosemide) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin loop diuretics)

2 Patient (?p) ”~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Hydrocortisone) * hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin corticosteroids)

3 Patient (?p) ”~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Prednisolone) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin corticosteroids)

4 Patient (?p) ”~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Dexamethasone) " hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin corticosteroids)

5 Patient (?p) ”~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Betamethasone) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin corticosteroids)

9 Patient (?p) ~ isPrescribed(?p, Metformin) » isPrescribed(?p,
Fluocinolone) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin corticosteroids)

Special Consideration Rules

No SWRL Rule

1 Patient (?p) “hasDrugDrugInteraction(?p, Metformin loop diuretics)
-> hasSpecialConsideration(?p,Consideration metformin loop
_diuretics)

2 Patient (?p) “hasDrugDrugInteraction(?p, Metformin corticosteroids)
-> hasSpecialConsideration(?p,Consideration
metformin corticosteroids)

3 Patient (?p) ~ isPrescribed(?p, dapagliflozin)
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“hasRiskFactor (?p,Binge drinking) ->
hasSpecialConsideration (?p,Consideration dapagliflozin alcohol)

Table 5-1 Addition of the SWRL Rules for Improving the System
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CHAPTER SIX: DISCUSSION AND CONCLUSION

6.1. Discussion

In this research, efforts were taken to improve representation and organization of
elements of medication information that are sought by patients. There is an unmet
information need related to patients’ drug regimen. Patients are not being educated about
all aspects of their prescription drugs by their HCPs at the point of care. This thesis helps
fill this gap by proposing a novel solution to providing personalized medication
information to patients diagnosed with T2DM by means of a proof-of-concept KBS
called DPD(S.

To this end, a knowledge management approach was undertaken to formally specify the
semantics of T2DM medication-related information through a high level knowledge
model using an ontology-based modeling approach. As a result, we introduced the ADM
ontology, a reusable ontology model focusing on diabetes medication and aspects of drug
information topics that are requested by patients with T2DM. Through ADM ontology
we explicitly represented the concepts and relations that would affect certain elements of

medication information that are expected to be provided to patients.

Our contribution to the field of patient education on medication information includes the
introduction of the DPD(DS knowledge base that was developed as a result of a
comprehensive knowledge management approach using information available in the
literature, evidence-based resources such as the CPS, and a review of previously
developed ontologies in the domain knowledge. The methods used in this research can be
applicable across all prescription drugs and for other chronic conditions. The knowledge
base of DPD()S provides a robust platform for semantic and logic representation of
patient medication information that could accommodate additional classes of drugs
prescribed for other chronic conditions. Thus, DPD()S knowledge base can be shared
and reused by other KBSs aimed at providing individualized medication information to

patients with other chronic conditions.
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The main novelty in our research lies in personalization of content for patient medication
information. To tailor information for patients, a set of personalization rules were
developed in SWRL. These rules determine the appropriate information components to
be presented to the patient by taking into consideration the concepts and relations
specified in the ADM ontology including patients’ demographics, underlying medical
conditions, concomitant drugs and other risk factors. SWRL rules together with the ADM

ontology provide the knowledge model and reasoning needed for the DPD(DS. The

reasoning of DPD()S is based on a description logic reasoner called Pellet.

The evaluation of DPD()S demonstrated an accuracy of 77% and identified areas of
improvement in the system. Based on the results of the evaluation, nine additional SWRL
rules were developed for the system to address the identified failed outputs. Further
evaluation with domain experts as well as patients with T2DM would certainly strengthen
the validity of our system. It is our hope that the health informatics solution proposed in
this research can enable HCPs to increase patient involvement during clinical visits in
which patients can ask questions regarding their prescribed medication. In addition, the
patient-centered approach undertaken in our proof-of-concept system can possibly
encourage patients’ questions during their visits; thus enhancing patient-provider

communication.

6.2. Limitation

One of the limitations in this research is the validation of the ADM ontology by the
domain expert. Suarez-Figueroa et al. [150] defines the validation of ontologies as the
process that compares the meaning of the ontology concepts and relations against what
was originally intended to be conceptualized in the domain knowledge. In other words,
ontology validation aims to answer the question of whether the right ontology is being
built. Ontology verification, on the other hand, compares the ontology against the
ontology requirement specification document to ensure that the ontology is being built
correctly [150]. Our research is limited in that access to domain experts was not feasible

to validate the developed ADM ontology.
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Another limiting factor is the usage of case studies to assess the validity of our system.
We found a number of case studies available on the Diabetes Canada website as part of
the educational resources for HCPs and patients. We then followed recommendations
offered by Diabetes Canada’s clinical practice guidelines [38] for prescribing correct
antihyperglycemic agents to generate several test cases of anti-diabetic drug regimens
that are as close to reality as possible. Despite significant efforts, these test cases do not
fully reflect the prescriptions that are prescribed by physicians for patients with T2DM in
electronic medical records. Therefore, we were not able to validate the DPD()S with real

prescription data as would have required research ethics approval.

6.3. Future Work

DPD()S provides personalized information regarding risks and considerations associated
with individual drug regimens for patients with T2DM. Our hope is that by providing
tailored information to patients’ individual needs, we can enhance understanding and
knowledge of diabetes medication. Therefore, future work needs to be done to evaluate
the effectiveness of the tailored medication information provided to patients and how it
affects the level of their medication knowledge concerning their anti-diabetic drug
regimen. A patient-centered drug and therapy information center was designed by
Maywald et al. where patients could use telephone services to inquire about their
medications [94]. They evaluated the effect of their service by means of follow-up
feedback questionnaires to patients. Based on their analysis, 68% of the callers indicated
that they are more informed and have more self-confidence in dealing with their

prescribed medication [94]. A similar study could be conducted with DPD(DS.

Literature suggests that readability of materials designed for patient consumption should
not be more than eighth grade [151]. However, patient educational materials available on
government-funded websites such as MedlinePlus as well as on commercial websites
such as WebMD and Mayo Clinic rank above the reading level recommended by the
literature, with the former ranking slightly higher than the latter [152]. As noted in the
methods section, the textual information provided in our system is abstracted from patient
medication information documents offered by the CPS. Despite these documents having

been designed for patient consumption, they often include medical vocabularies that
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might be challenging to comprehend for patients with lower levels of health literacy. A
usability study is required to examine the readability level of the information provided by
DPD(S to ensure it is suitable for various levels of health literacy among patients with
T2DM. Based on the results of the assessment, further efforts should be made to ensure
that medication information communicated via DPD(DS is easy for patients to

comprehend.

Patients tend to be concerned about adverse effects of their newly prescribed medication.
It is reported in the literature that good patient-provider communication can address
patients’ fears and assure them of the benefits of their therapeutic plan [26]. DPD({)S
supports HCPs with a point-of-care solution to guide the discussion on medication
information with their patients. Future research can be done to evaluate patient-provider
communication using DPD()S and assess whether the proposed solution improves
communication at the time of visit for patients and provider with regard to diabetes

medication information.

6.4. Conclusion

This research took a patient-centered approach and proposed an ontology-driven solution
to provide patients with personalized medication information about their prescribed anti-
diabetic drugs. In our study, we established the role that formal representation of patient
medication information can play in a KBS with the purpose of providing patient-specific
drug information. Our proposed KBS reached an accuracy of 77% in providing tailored

medication information for anti-diabetic drug regimens.

The gap between the amount of medication information desired by patients and
information provided to them by HCPs during office visits has resulted in unmet drug
information needs for patients. Despite acknowledgement of the significance of patient
medication knowledge and its relation to medication adherence [25], health informatics
interventions providing personalized medication-related information are sparse. Current
health technology solutions including Diabetes Canada’s drug information sheets, as well
as consumer health information websites such as WebMD and MedlinePlus offer general

information about drugs including uses, instructions, side effects, and ADRs. They do
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not, however, differentiate ADRs under specific patient-related factors including patient
age, patient chronic conditions or drug-related factors including types of concomitant

medications taken by patients.

To help fill this gap, our study undertook a knowledge management approach to formally
represent the concepts and relationships between them with regard to specific elements of
medication information including side effects, ADRs and DDIs for oral
antihyperglycemic drugs that are used in pharmacotherapy of patients with T2DM
diabetes. The result was the introduction of the ADM ontology. We demonstrated the
usage of the ADM ontology by means of design and development of a proof-of-concept
KBS called DPD(DS with the goal of providing personalized medication information
about ADRs and DDIs to patients with T2DM about their anti-diabetic drug regimen.

Given different patient-related and drug-related factors, the ADRs induced by the drug
may vary. The architecture of the DPD(DS uses the ADM ontology and SWRL rule-base
to personalize medication information. Our system offers general information about
potential side effects and ADRs caused by antihyperglycemic drugs based on the
frequency of their occurrence. In addition, it tailors the information based on the patient’s
profile considering underlying chronic conditions, concomitant of drugs and other risk
factors such as age and drinking habits. The reasoning engine of DPD(DS employs the
knowledge base to present patient-specific considerations related to the patient’s anti-

diabetic drug regimen.

The evaluation results demonstrated the technical feasibility and the application prospect
of our solution to support HCPs with individualized and evidence-based information
which in turn can be used to educate patients with T2DM on their prescribed medications
at the point of care. While patients can seek medication-related information from a
variety of sources outside of their HCPs office including pharmacists and online
resources, HCPs remain patients’ preferred source of information [24]. DPD()S can be
utilized as a support tool to guide conversations between HCPs and patients concerning

their diabetes drug regimen to better achieve shared decision making. Further study is
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required to assess the usability of DPD()S by HCPs and to examine whether it improves

patient-provider communication.

In addition, research has shown that prior knowledge about common ADRs, and their
signs and symptoms especially in the elderly population will assist with early recognition
of the ADRs. However, most elderly patients are not able to accurately identify ADRs in
part due to lack of education on the subject matter [153]. Our research demonstrated that
DPD(S is a proof-of-concept point-of-care solution to thoroughly inform patients about
common and rare ADRs associated with their anti-diabetic medications. Furthermore,
DPD(S provides tailored information about the risk of development of ADRs based on

the patient’s individual characteristics.

100



BIBLIOGRAPHY

[1] Institute of Medicine (US) Committee on Quality of Health Care in America,
Crossing the Quality Chasm: A New Health System for the 21st Century. Washington
(DC): National Academies Press (US), 2001.

[2] J. H. Robinson, L. C. Callister, J. A. Berry, and K. A. Dearing, ‘“Patient-centered care
and adherence: Definitions and applications to improve outcomes,” J. Am. Acad.
Nurse Pract., vol. 20, no. 12, pp. 600-607, 2008, doi: 10.1111/j.1745-
7599.2008.00360.x.

[3] L. A. Bilello et al., “Key attributes of patient centered medical homes associated with
patient activation of diabetes patients,” BMC Fam. Pract., vol. 19, no. 1, p. 4, Jan.
2018, doi: 10.1186/s12875-017-0704-3.

[4] D. L. Bechel, W. A. Myers, and D. G. Smith, “Does Patient-Centered Care Pay
Oft?,” Jt. Comm. J. Qual. Improv., vol. 26, no. 7, pp. 400—409, Jul. 2000, doi:
10.1016/S1070-3241(00)26033-1.

[5] A. O. Iuga and M. J. McGuire, “Adherence and health care costs,” Risk Manag.
Healthce. Policy, vol. 7, pp. 35-44, Feb. 2014, doi: 10.2147/RMHP.S19801.

[6] M. C. Sokol, K. A. McGuigan, R. R. Verbrugge, and R. S. Epstein, “Impact of
medication adherence on hospitalization risk and healthcare cost,” Med. Care, vol.
43, no. 6, pp. 521-530, Jun. 2005, doi: 10.1097/01.mlr.0000163641.86870.af.

[7] “Patient adherence to treatment: three decades of research. A comprehensive review -
Vermeire - 2001 - Journal of Clinical Pharmacy and Therapeutics - Wiley Online
Library.” https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2710.2001.00363.x
(accessed Aug. 03, 2020).

[8] B. A. Briesacher, S. E. Andrade, H. Fouayzi, and K. A. Chan, “Comparison of drug
adherence rates among patients with seven different medical conditions,”
Pharmacother. J. Hum. Pharmacol. Drug Ther., vol. 28, no. 4, pp. 437-443, 2008.

[9] W. H. Organization, Adherence to long-term therapies: evidence for action. World
Health Organization, 2003.

[10]  J.Jin, G. E. Sklar, V. Min Sen Oh, and S. Chuen Li, “Factors affecting therapeutic
compliance: A review from the patient’s perspective,” Ther. Clin. Risk Manag., vol.
4, no. 1, pp. 269-286, Feb. 2008.

[11] D. M. Mosen, J. Schmittdiel, J. Hibbard, D. Sobel, C. Remmers, and J. Bellows,
“Is Patient Activation Associated With Outcomes of Care for Adults With Chronic
Conditions?,” J. Ambulatory Care Manage., vol. 30, no. 1, pp. 21-29, Mar. 2007.

[12] K. J.Rask, D. C. Ziemer, S. A. Kohler, J. N. Hawley, F. J. Arinde, and C. S.
Barnes, “Patient Activation Is Associated With Healthy Behaviors and Ease in
Managing Diabetes in an Indigent Population,” Diabetes Educ., vol. 35, no. 4, pp.
622630, Jul. 2009, doi: 10.1177/0145721709335004.

101



[13] K. B. Haskard Zolnierek and M. R. DiMatteo, “Physician Communication and
Patient Adherence to Treatment: A Meta-analysis,” Med. Care, vol. 47, no. 8, pp.
826-834, Aug. 2009, doi: 10.1097/MLR.0b013e31819a5acc.

[14] S. M. Matthews, A. R. Peden, and G. D. Rowles, “Patient—provider
communication: Understanding diabetes management among adult females,” Patient
Educ. Couns., vol. 76, no. 1, pp. 31-37, Jul. 2009, doi: 10.1016/j.pec.2008.11.022.

[15] H. L. Shepherd et al., “Three questions that patients can ask to improve the
quality of information physicians give about treatment options: A cross-over trial,”
Patient Educ. Couns., vol. 84, no. 3, pp. 379-385, Sep. 2011, doi:
10.1016/j.pec.2011.07.022.

[16] G. Del Fiol, P. J. Haug, J. J. Cimino, S. P. Narus, C. Norlin, and J. A. Mitchell,
“Effectiveness of Topic-specific Infobuttons: A Randomized Controlled Trial,” J.
Am. Med. Inform. Assoc., vol. 15, no. 6, pp. 752759, Nov. 2008, doi:
10.1197/jamia.M2725.

[17] G. Del Fiol and P. J. Haug, “Classification models for the prediction of clinicians’
information needs,” J. Biomed. Inform., vol. 42, no. 1, pp. 82—89, 2009.

[18] G. Parthasarathi, M. Ramesh, K. Nyfort-Hansen, and B. G. Nagavi, “Clinical
Pharmacy in a South Indian Teaching Hospital,” Ann. Pharmacother., vol. 36, no. 5,
pp. 927-932, May 2002, doi: 10.1345/aph.1A223.

[19] B. Sleath, D. Roter, B. Chewning, and B. Svarstad, “Asking Questions About
Medication: Analysis of Physician-Patient Interactions and Physician Perceptions,”
Med. Care, vol. 37,no. 11, pp. 1169-1173, Nov. 1999.

[20]  “Promoting rational use of medicines: core components,” p. 6.

[21]  A. Akici, S. Kalaga, M. U. Ugurlu, H. Z. Toklu, E. iskender, and S. Oktay,
“Patient knowledge about drugs prescribed at primary healthcare facilities:
PATIENT’S KNOWLEDGE ABOUT DRUGS,” Pharmacoepidemiol. Drug Saf.,
vol. 13, no. 12, pp. 871-876, Dec. 2004, doi: 10.1002/pds.1020.

[22] “Polypharmacy and Medication Adherence in Patients With Type 2 Diabetes |
Diabetes Care.” https://care.diabetesjournals.org/content/26/5/1408.short (accessed
Aug. 14, 2020).

[23] “Do physicians communicate the adverse effects of medications that older
patients want to hear? - PubMed.” https://pubmed.ncbi.nlm.nih.gov/25750513/
(accessed Aug. 16, 2020).

[24] K. Nair et al., “What patients want to know about their medications. Focus group
study of patient and clinician perspectives.,” Can. Fam. Physician, vol. 48, no. 1, pp.
104-110, Jan. 2002.

[25] P. Kendrew et al., “Satisfaction with information and its relationship with
adherence in patients with chronic pain,” Int. J. Pharm. Pract., vol. 9, no. S1, pp. 5—
5,2001.

[26]  “Physician Communication When Prescribing New Medications | Clinical
Pharmacy and Pharmacology | JAMA Internal Medicine | JAMA Network.”

102



https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/410942
(accessed Aug. 12, 2020).

[27] “Diabetes Canada | Clinical Practice Guidelines - Patient Resources.”
http://guidelines.diabetes.ca/patient-resources (accessed Mar. 30, 2021).

[28] “WebMD Drugs & Medications - Medical information on prescription drugs,
vitamins and over-the-counter medicines.” https:// www.webmd.com/drugs/2/index
(accessed Mar. 31, 2021).

[29] “Drugs, Herbs and Supplements: MedlinePlus.”
https://medlineplus.gov/druginformation.html (accessed Mar. 31, 2021).

[30] M. J. Alomar, “Factors affecting the development of adverse drug reactions
(Review article),” Saudi Pharm. J., vol. 22, no. 2, pp. 83-94, Apr. 2014, doi:
10.1016/j.jsps.2013.02.003.

[31] R. M. Anderson and M. M. Funnell, “Patient Empowerment: Myths and
Misconceptions,” Patient Educ. Couns., vol. 79, no. 3, pp. 277-282, Jun. 2010, doi:
10.1016/j.pec.2009.07.025.

[32] L.-E. Garcia-Pérez, M. Alvarez, T. Dilla, V. Gil-Guillén, and D. Orozco-Beltran,
“Adherence to Therapies in Patients with Type 2 Diabetes,” Diabetes Ther., vol. 4,
no. 2, pp. 175-194, Dec. 2013, doi: 10.1007/s13300-013-0034-y.

[33] M. C. Suéarez-Figueroa, A. Goémez-Pérez, and M. Fernandez-Lopez, “The NeOn
methodology for ontology engineering,” in Ontology engineering in a networked
world, Springer, 2012, pp. 9-34.

[34] A. Gomez-Pérez, M. Fernandez-Lopez, and O. Corcho, Ontological Engineering:
with examples from the areas of Knowledge Management, e-Commerce and the
Semantic Web. Springer Science & Business Media, 2006.

[35] J. Cardoso, Semantic Web Services: Theory, Tools and Applications: Theory,
Tools and Applications. 1GI Global, 2007.

[36] “Diagnosis and Classification of Diabetes Mellitus | Diabetes Care.”

https://care.diabetesjournals.org/content/33/supplement 1/s62.short (accessed Aug.
30, 2020).

[37] A.H.Mokdad et al., “Prevalence of Obesity, Diabetes, and Obesity-Related
Health Risk Factors, 2001,” JAMA, vol. 289, no. 1, pp. 7679, Jan. 2003, doi:
10.1001/jama.289.1.76.

[38] L. Lipscombe et al., “Pharmacologic Glycemic Management of Type 2 Diabetes
in Adults,” Can. J. Diabetes, vol. 42, pp. S88-S103, Apr. 2018, doi:
10.1016/j.jcjd.2017.10.034.

[39] “Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33),” The Lancet, vol. 352, no. 9131, pp. 837-853, Sep. 1998, doi:
10.1016/S0140-6736(98)07019-6.

103



[40] D.T.Lauand D. P. Nau, “Oral Antihyperglycemic Medication Nonadherence and
Subsequent Hospitalization Among Individuals With Type 2 Diabetes,” Diabetes
Care, vol. 27,n0. 9, pp. 2149-2153, Sep. 2004, doi: 10.2337/diacare.27.9.2149.

[41] “Does prescription drug adherence reduce hospitalizations and costs? The case of
diabetes - PubMed.” https://pubmed.ncbi.nlm.nih.gov/20575232/ (accessed Aug. 05,
2020).

[42] E.H. Wagner, N. Sandhu, K. M. Newton, D. K. McCulloch, S. D. Ramsey, and L.
C. Grothaus, “Effect of improved glycemic control on health care costs and
utilization,” JAMA, vol. 285, no. 2, pp. 182—-189, Jan. 2001, doi:
10.1001/jama.285.2.182.

[43] “Using drug claims data to assess the relationship of medication adherence with
hospitalization and costs - PubMed.” https://pubmed.ncbi.nlm.nih.gov/11376229/
(accessed Aug. 13, 2020).

[44] W.H. Polonsky and R. R. Henry, “Poor medication adherence in type 2 diabetes:
recognizing the scope of the problem and its key contributors,” Patient Prefer.
Adherence, vol. 10, pp. 1299-1307, Jul. 2016, doi: 10.2147/PPA.S106821.

[45] J.P.Tan, K. K. F. Cheng, and R. C.-J. Siah, “A systematic review and meta-
analysis on the effectiveness of education on medication adherence for patients with
hypertension, hyperlipidaemia and diabetes,” J. Adv. Nurs., vol. 75, no. 11, pp. 2478—
2494, Nov. 2019, doi: 10.1111/jan.14025.

[46] “The Patient-Provider Relationship: Attachment Theory and Adherence to
Treatment in Diabetes | American Journal of Psychiatry.”
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.158.1.29 (accessed Aug. 05,
2020).

[47] A. L. Kinmonth, A. Woodcock, S. Griffin, N. Spiegal, and M. J. Campbell,
“Randomised controlled trial of patient centred care of diabetes in general practice:

impact on current wellbeing and future disease risk,” BMJ, vol. 317, no. 7167, pp.
1202-1208, Oct. 1998, doi: 10.1136/bm;j.317.7167.1202.

[48] D. M. Tarn, D. A. Paterniti, B. R. Williams, C. S. Cipri, and N. S. Wenger,
“Which Providers Should Communicate Which Critical Information About a New
Medication? Patient, Pharmacist, and Physician Perspectives,” J. Am. Geriatr. Soc.,
vol. 57, no. 3, pp. 462-469, Mar. 2009, doi: 10.1111/j.1532-5415.2008.02133 .x.

[49] E.R. Lenz, “Information seeking: a component of client decisions and health
behavior,” ANS Adv. Nurs. Sci., vol. 6, no. 3, pp. 59-72, Apr. 1984, doi:
10.1097/00012272-198404000-00010.

[50] J. D. Johnson and H. Meischke, “A Comprehensive Model of Cancer-Related
Information Seeking Applied to Magazines,” Hum. Commun. Res., vol. 19, no. 3, pp.
343-367, 1993, doi: https://doi.org/10.1111/5.1468-2958.1993.tb00305 .x.

[51] D.R. Longo, “Understanding health information, communication, and
information seeking of patients and consumers: a comprehensive and integrated
model,” Health Expect. Int. J. Public Particip. Health Care Health Policy, vol. 8, no.
3, pp. 189194, Sep. 2005, doi: 10.1111/5.1369-7625.2005.00339.x.

104



[52] D.R. Longo, S. L. Schubert, B. A. Wright, J. LeMaster, C. D. Williams, and J. N.
Clore, “Health Information Seeking, Receipt, and Use in Diabetes Self-
Management,” Ann. Fam. Med., vol. 8, no. 4, pp. 334-340, Jul. 2010, doi:
10.1370/afm.1115.

[53] F.J. Ascione, J. P. Kirscht, and L. A. Shimp, “An assessment of different
components of patient medication knowledge,” Med. Care, vol. 24, no. 11, pp. 1018—
1028, Nov. 1986, doi: 10.1097/00005650-198611000-00006.

[54] E. Triastuti, A. P. Sinaga, and M. S. Rohman, “The hypertensive patient
knowledge on medication and perception regarding the alteration of national health

insurance system considerably affect the compliance,” J. Pharm. Res. Clin. Pract.,
vol. 6, no. 3, pp. 1-1, 2016.

[55] H.K. Edelberg, E. Shallenberger, and J. Y. Wei, “Medication management
capacity in highly functioning community-living older adults: detection of early
deficits,” J. Am. Geriatr. Soc., vol. 47, no. 5, pp. 592-596, May 1999, doi:
10.1111/5.1532-5415.1999.tb02574 x.

[56] J.R.Marks, J. M. Schectman, H. Groninger, and M. L. Plews-Ogan, “The
association of health literacy and socio-demographic factors with medication
knowledge,” Patient Educ. Couns., vol. 78, no. 3, pp. 372-376, Mar. 2010, doi:
10.1016/j.pec.2009.06.017.

[57] R.J. Fredericksen et al., “Medication understanding among patients living with
multiple chronic conditions: Implications for patient-reported measures of
adherence,” Res. Soc. Adm. Pharm., vol. 14, no. 6, pp. 540-544, Jun. 2018, doi:
10.1016/j.sapharm.2017.06.009.

[58] T.Bodenheimer, K. Lorig, H. Holman, and K. Grumbach, “Patient self-
management of chronic disease in primary care,” JAMA, vol. 288, no. 19, pp. 2469—
2475, Nov. 2002, doi: 10.1001/jama.288.19.2469.

[59] M. L. McPherson, S. W. Smith, A. Powers, and I. H. Zuckerman, “Association
between diabetes patients’ knowledge about medications and their blood glucose
control,” Res. Soc. Adm. Pharm. RSAP, vol. 4, no. 1, pp. 3745, Mar. 2008, doi:
10.1016/j.sapharm.2007.01.002.

[60] D. M. Tarn et al., “How much time does it take to prescribe a new medication?,”
Patient Educ. Couns., vol. 72, no. 2, pp. 311-319, Aug. 2008, doi:
10.1016/j.pec.2008.02.019.

[61] D.K. Ziegler, M. C. Mosier, M. Buenaver, and K. Okuyemi, “How much
information about adverse effects of medication do patients want from physicians?,”
Arch. Intern. Med., vol. 161, no. 5, pp. 706713, Mar. 2001, doi:
10.1001/archinte.161.5.706.

[62] G.C. Lamb, S. S. Green, and J. Heron, “Can Physicians Warn Patients of
Potential Side Effects Without Fear of Causing Those Side Effects?,” Arch. Intern.
Med., vol. 154, no. 23, pp. 2753-2756, Dec. 1994, doi:
10.1001/archinte.1994.00420230150018.

105



[63] P.Garrud, M. Wood, and L. Stainsby, “Impact of risk information in a patient
education leaflet,” Patient Educ. Couns., vol. 43, no. 3, pp. 303-306, Jun. 2001, doi:
10.1016/S0738-3991(00)00168-3.

[64] S.D. Borgsteede, F. Karapinar-Carkit, E. Hoffmann, J. Zoer, and P. M. L. A. van
den Bemt, “Information needs about medication according to patients discharged

from a general hospital,” Patient Educ. Couns., vol. 83, no. 1, pp. 22-28, Apr. 2011,
doi: 10.1016/j.pec.2010.05.020.

[65] A.B. Hauber, A. F. Mohamed, F. R. Johnson, and H. Falvey, “Treatment
preferences and medication adherence of people with Type 2 diabetes using oral
glucose-lowering agents,” Diabet. Med. J. Br. Diabet. Assoc., vol. 26, no. 4, pp. 416—
424, Apr. 2009, doi: 10.1111/5.1464-5491.2009.02696.x.

[66] T.K. Gandhi et al., “Adverse Drug Events in Ambulatory Care,” N. Engl. J.
Med., vol. 348, no. 16, pp. 15561564, Apr. 2003, doi: 10.1056/NEJMsa020703.

[67] N.S. Patel, T. K. Patel, P. B. Patel, V. N. Naik, and C. B. Tripathi,
“Hospitalizations due to preventable adverse reactions-a systematic review,” Eur. J.
Clin. Pharmacol., vol. 73, no. 4, pp. 385-398, Apr. 2017, doi: 10.1007/s00228-016-
2170-6.

[68] “Patients’ knowledge of adverse reactions to current medications - PubMed.”
https://pubmed.ncbi.nlm.nih.gov/16842399/ (accessed Jan. 30, 2021).

[69] C.K.O’Neil and T. L. Poirer, “Impact of patient knowledge, patient-pharmacist
relationship, and drug perceptions on adverse drug therapy outcomes,”
Pharmacotherapy, vol. 18, no. 2, pp. 333-340, Apr. 1998.

[70] F.W. Chan, F. Y. Wong, W. Y. So, K. Kung, and C. K. Wong, “How much do
elders with chronic conditions know about their medications?,” BMC Geriatr., vol.
13, p. 59, Jun. 2013, doi: 10.1186/1471-2318-13-59.

[71] B. Q. Goh, A. H. P. Tay, R. S. Y. Khoo, B. K. Goh, P. F. L. Lo, and C. J. F. Lim,
“Effectiveness of Medication Review in Improving Medication Knowledge and

Adherence in Primary Care Patients,” Proc. Singap. Healthc., vol. 23, no. 2, pp. 134—
141, Jun. 2014, doi: 10.1177/201010581402300207.

[72] S. B. Calvert, J. M. Kramer, K. J. Anstrom, L. A. Kaltenbach, J. A. Stafford, and
N. M. Allen LaPointe, “Patient-focused intervention to improve long-term adherence

to evidence-based medications: A randomized trial,” Am. Heart J., vol. 163, no. 4,
pp. 657-665.¢1, Apr. 2012, doi: 10.1016/j.ahj.2012.01.019.

[73] M. Louis-Simonet et al., “Effects of a structured patient-centered discharge
interview on patients’ knowledge about their medications,” Am. J. Med., vol. 117, no.
8, pp. 563-568, Oct. 2004, doi: 10.1016/j.amjmed.2004.03.036.

[74] R.-C. Chen, Y.-H. Huang, C.-T. Bau, and S.-M. Chen, “A recommendation
system based on domain ontology and SWRL for anti-diabetic drugs selection,”
Expert Syst. Appl., vol. 39, no. 4, pp. 3995-4006, Mar. 2012, doi:
10.1016/j.eswa.2011.09.061.

106



[75] N. Chammas, R. Juric, N. Koay, V. Gurupur, and S. C. Suh, “Towards a Software
Tool for Raising Awareness of Diabetic Foot in Diabetic Patients,” in 2013 46th

Hawaii International Conference on System Sciences, Jan. 2013, pp. 2646-2655, doi:
10.1109/HICSS.2013.563.

[76] M. Adnan, J. Warren, and M. Orr, “Ontology based semantic recommendations
for discharge summary medication information for patients,” in 2010 IEEE 23rd
International Symposium on Computer-Based Medical Systems (CBMS), Oct. 2010,
pp. 456461, doi: 10.1109/CBMS.2010.6042688.

[77] A.J.Jara, F. J. Belchi, A. F. Alcolea, J. Santa, M. A. Zamora-Izquierdo, and A. F.
Gomez-Skarmeta, “A Pharmaceutical Intelligent Information System to detect
allergies and Adverse Drugs Reactions based on internet of things,” in 2010 8th IEEE
International Conference on Pervasive Computing and Communications Workshops
(PERCOM Workshops), Mannheim, Mar. 2010, pp. 809—812, doi:
10.1109/PERCOMW.2010.5470547.

[78] S. Quinn, R. Bond, and C. Nugent, “Ontological modelling and rule-based

reasoning for the provision of personalized patient education,” Expert Syst., vol. 34,
no. 2, p. el2134, 2017, doi: 10.1111/exsy.12134.

[79] “Patient-focused medicines information: General practitioners’ and pharmacists’
views on websites and leaflets - Amber Young, June Tordoff, Sharon Leitch, Alesha
Smith, 2019.” https://journals.sagepub.com/doi/full/10.1177/0017896918811373
(accessed Jan. 30, 2021).

[80] R.S.Evans, J. F. Lloyd, G. J. Stoddard, J. R. Nebeker, and M. H. Samore, “Risk
Factors for Adverse Drug Events: A 10-Year Analysis,” Ann. Pharmacother., vol. 39,
no. 7-8, pp. 1161-1168, Jul. 2005, doi: 10.1345/aph.1E642.

[81] M. McMullan, “Patients using the Internet to obtain health information: How this
affects the patient-health professional relationship,” Patient Educ. Couns., vol. 63,
no. 1, pp. 24-28, Oct. 2006, doi: 10.1016/j.pec.2005.10.006.

[82] R. Bose, “Knowledge management-enabled health care management systems:
capabilities, infrastructure, and decision-support,” Expert Syst. Appl., vol. 24, no. 1,
pp- 59-71, Jan. 2003, doi: 10.1016/S0957-4174(02)00083-0.

[83] D.E. DeLorme, J. Huh, and L. N. Reid, “Source Selection in Prescription Drug
Information Seeking and Influencing Factors: Applying the Comprehensive Model of

Information Seeking in an American Context,” J. Health Commun., vol. 16, no. 7, pp.
766787, Aug. 2011, doi: 10.1080/10810730.2011.561914.

[84] T. Bodenheimer, “Improving Primary Care for Patients With Chronic Illness,”
JAMA, vol. 288, no. 14, p. 1775, Oct. 2002, doi: 10.1001/jama.288.14.1775.

[85] M. Stellefson, K. Dipnarine, and C. Stopka, “The Chronic Care Model and
Diabetes Management in US Primary Care Settings: A Systematic Review,” Prev.
Chronic. Dis., vol. 10, Feb. 2013, doi: 10.5888/pcd10.120180.

[86] R. Akerkar and P. Sajja, Knowledge-Based Systems. Jones & Bartlett Publishers,
20009.

107



[87] L. S.Hermann, S. Magnusson, B. Moller, C. Casey, G. T. Tucker, and H. F.
Woods, “Lactic acidosis during metformin treatment in an elderly diabetic patient
with impaired renal function,” Acta Med. Scand., vol. 209, no. 6, pp. 519-520, 1981,
doi: 10.1111/5.0954-6820.1981.tb11639.x.

[88] D.L.McGuinness and F. Van Harmelen, “OWL web ontology language
overview,” W3C Recomm., vol. 10, no. 10, p. 2004, 2004.

[89] R. Studer, V. R. Benjamins, and D. Fensel, “Knowledge engineering: Principles
and methods,” Data Knowl. Eng., vol. 25, no. 1, pp. 161-197, Mar. 1998, doi:
10.1016/S0169-023X(97)00056-6.

[90] H.S. Pinto and J. P. Martins, “Ontologies: How can They be Built?,” Knowl. Inf.
Syst., vol. 6, no. 4, pp. 441-464, Jul. 2004, doi: 10.1007/s10115-003-0138-1.

[91] I Horrocks, P. F. Patel-Schneider, H. Boley, S. Tabet, B. Grosof, and M. Dean,
“SWRL: A semantic web rule language combining OWL and RuleML,” W3C Memb.
Submiss., vol. 21, no. 79, pp. 1-31, 2004.

[92] M. Macdonald, “Patient safety: examining the adequacy of the 5 rights of
medication administration,” Clin. Nurse Spec. CNS, vol. 24, no. 4, pp. 196201, Aug.
2010, doi: 10.1097/NUR.0b013e3181e3605f.

[93] C.E. Crangle ef al., “Exploring patient information needs in type 2 diabetes: A
cross sectional study of questions,” PLoS ONE, vol. 13, no. 11, Nov. 2018, doi:
10.1371/journal.pone.0203429.

[94] U. Maywald, C. Schindler, J. Krappweis, and W. Kirch, “First Patient-Centered
Drug Information Service in Germany—A Descriptive Study,” Ann. Pharmacother.,
vol. 38, no. 12, pp. 2154-2159, Dec. 2004, doi: 10.1345/aph.1E210.

[95] A.Benetoli, T. F. Chen, S. Spagnardi, T. Beer, and P. Aslani, “Provision of a
Medicines Information Service to Consumers on Facebook: An Australian Case
Study,” J. Med. Internet Res., vol. 17, no. 11, p. e4161, Nov. 2015, doi:
10.2196/jmir.4161.

[96] M. Huber, G. A. Kullak-Ublick, and W. Kirch, “Drug information for patients—
an update of long-term results: type of enquiries and patient characteristics,”
Pharmacoepidemiol. Drug Saf., vol. 18, no. 2, pp. 111-119, 2009, doi:
https://doi.org/10.1002/pds.1682.

[97] M. K. Kusch, W. E. Haefeli, and H. M. Seidling, “How to meet patients’
individual needs for drug information - a scoping review,” Patient Prefer. Adherence,
vol. 12, pp. 2339-2355, 2018, doi: 10.2147/PPA.S173651.

[98] N.V.Emanuele, T. F. Swade, and M. A. Emanuele, “Consequences of alcohol
use in diabetics,” Alcohol Health Res. World, vol. 22, no. 3, pp. 211-219, 1998.

[99] J. C. Delafuente, “Understanding and preventing drug interactions in elderly
patients,” Crit. Rev. Oncol. Hematol., vol. 48, no. 2, pp. 133—-143, Nov. 2003, doi:
10.1016/j.critrevonc.2003.04.004.

108



[100] M. A. Munger, “Polypharmacy and combination therapy in the management of
hypertension in elderly patients with co-morbid diabetes mellitus,” Drugs Aging, vol.
27, no. 11, pp. 871-883, Nov. 2010, doi: 10.2165/11538650-000000000-00000.

[101] 1. R. Edwards and J. K. Aronson, “Adverse drug reactions: definitions, diagnosis,
and management,” Lancet Lond. Engl., vol. 356, no. 9237, pp. 1255-1259, Oct. 2000,
doi: 10.1016/S0140-6736(00)02799-9.

[102] “Hospitalisations caused by adverse drug reactions (ADR): a meta-analysis of
observational studies - PubMed.” https://pubmed.ncbi.nlm.nih.gov/12061133/
(accessed Dec. 28, 2020).

[103] A. A. Mangoni and S. H. D. Jackson, “Age-related changes in pharmacokinetics
and pharmacodynamics: basic principles and practical applications,” Br. J. Clin.
Pharmacol., vol. 57, no. 1, pp. 614, 2004, doi: https://doi.org/10.1046/1.1365-
2125.2003.02007 x.

[104] P. A.Routledge, M. S. O’Mahony, and K. W. Woodhouse, “Adverse drug
reactions in elderly patients,” Br. J. Clin. Pharmacol., vol. 57, no. 2, pp. 121-126,
2004, doi: 10.1046/j.1365-2125.2003.01875.x.

[105] R. B. Stewart and J. W. Cooper, “Polypharmacy in the Aged,” Drugs Aging, vol.
4, no. 6, pp. 449-461, Jun. 1994, doi: 10.2165/00002512-199404060-00002.

[106] C. M. Hohl, J. Dankoff, A. Colacone, and M. Afilalo, “Polypharmacy, adverse
drug-related events, and potential adverse drug interactions in elderly patients
presenting to an emergency department,” Ann. Emerg. Med., vol. 38, no. 6, pp. 666—
671, Dec. 2001, doi: 10.1067/mem.2001.119456.

[107] T.J. Nicolson, H. R. Mellor, and R. R. A. Roberts, “Gender differences in drug
toxicity,” Trends Pharmacol. Sci., vol. 31, no. 3, pp. 108—114, Mar. 2010, doi:
10.1016/j.tips.2009.12.001.

[108] M. Rademaker, “Do women have more adverse drug reactions?,” Am. J. Clin.
Dermatol., vol. 2, no. 6, pp. 349-351, 2001, doi: 10.2165/00128071-200102060-
00001.

[109] J.-L. Montastruc, M. Lapeyre-Mestre, H. Bagheri, and A. Fooladi, “Gender
differences in adverse drug reactions: analysis of spontaneous reports to a Regional

Pharmacovigilance Centre in France,” Fundam. Clin. Pharmacol., vol. 16, no. 5, pp.
343-346, Oct. 2002, doi: 10.1046/5.1472-8206.2002.00100.x.

[110] R. Weathermon and D. W. Crabb, “Alcohol and Medication Interactions,”
Alcohol Res. Health, vol. 23, no. 1, pp. 40-54, 1999.

[111] M. M. Ducharme and L. A. Boothby, “Analysis of adverse drug reactions for
preventability,” Int. J. Clin. Pract., vol. 61, no. 1, pp. 157161, Jan. 2007, doi:
10.1111/5.1742-1241.2006.01130.x.

[112] D. W. Kaufman, J. P. Kelly, L. Rosenberg, T. E. Anderson, and A. A. Mitchell,
“Recent patterns of medication use in the ambulatory adult population of the United
States: the Slone survey,” JAMA, vol. 287, no. 3, pp. 337-344, Jan. 2002, doi:
10.1001/jama.287.3.337.

109



[113] J. T.Hanlon et al., “Potential drug-drug and drug-disease interactions in well-
functioning community-dwelling older adults,” J. Clin. Pharm. Ther., vol. 42, no. 2,
pp. 228-233, Apr. 2017, doi: 10.1111/jcpt.12502.

[114] J. H. Gurwitz et al., “Incidence and preventability of adverse drug events among
older persons in the ambulatory setting,” JAMA, vol. 289, no. 9, pp. 1107-1116, Mar.
2003, doi: 10.1001/jama.289.9.1107.

[115] C. I Lindblad et al., “Clinically important drug-disease interactions and their
prevalence in older adults,” Clin. Ther., vol. 28, no. 8, pp. 1133-1143, Aug. 2006,
doi: 10.1016/j.clinthera.2006.08.006.

[116] D. M. Fick, J. W. Cooper, W. E. Wade, J. L. Waller, J. R. Maclean, and M. H.
Beers, “Updating the Beers criteria for potentially inappropriate medication use in
older adults: results of a US consensus panel of experts,” Arch. Intern. Med., vol.
163, no. 22, pp. 2716-2724, Dec. 2003, doi: 10.1001/archinte.163.22.2716.

[117] E. A. Chrischilles, R. VanGilder, K. Wright, M. Kelly, and R. B. Wallace,
“Inappropriate medication use as a risk factor for self-reported adverse drug effects in
older adults,” J. Am. Geriatr. Soc., vol. 57, no. 6, pp. 1000-1006, Jun. 2009, doi:
10.1111/5.1532-5415.2009.02269.x.

[118] J.T. Hanlon, R. J. Sloane, C. F. Pieper, and K. E. Schmader, “Association of
adverse drug reactions with drug—drug and drug—disease interactions in frail older
outpatients,” Age Ageing, vol. 40, no. 2, pp. 274-277, Mar. 2011, doi:
10.1093/ageing/afq158.

[119] J.T. Hanlon et al., “Adverse Drug Events In High Risk Older Outpatients,” J.
Am. Geriatr. Soc., vol. 45, no. 8, pp. 945-948, 1997, doi: 10.1111/j.1532-
5415.1997.tb02964 x.

[120] N.F. Noy and D. L. McGuinness, Ontology development 101: A guide to creating

your first ontology. Stanford knowledge systems laboratory technical report KSL-01-
05 and ..., 2001.

[121] “The Protégé Project: A Look Back and a Look Forward,”
http.//protege.stanford.edu.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4883684/ (accessed Mar. 07, 2021).

[122] “Welcome to the NCBO BioPortal | NCBO BioPortal.”
https://bioportal.bioontology.org/ (accessed Mar. 11, 2021).

[123] Y. Heet al., “OAE: The Ontology of Adverse Events,” J. Biomed. Semant., vol.
5,no. 1, p. 29, Jul. 2014, doi: 10.1186/2041-1480-5-29.

[124] H. Yu et al., “ODAE: Ontology-based systematic representation and analysis of
drug adverse events and its usage in study of adverse events given different patient
age and disease conditions,” BMC Bioinformatics, vol. 20, no. 7, p. 199, May 2019,
doi: 10.1186/s12859-019-2729-1.

[125] S. Yoshikawa, K. Satou, and A. Konagaya, “Drug interaction ontology (DIO) for
inferences of possible drug—drug interactions,” Stud. Health Technol. Inform., vol.
107, pp. 454-8, Feb. 2004, doi: 10.3233/978-1-60750-949-3-454.

110



[126] “Compendium of Pharmaceuticals and Specialties Drug Information.”
https://www.e-therapeutics.ca/search (accessed Mar. 22, 2021).

[127] K. Locke, “Rewriting the Discovery of Grounded Theory after 25 Years?,” J.
Manag. Ing., vol. 5, no. 3, pp. 239-245, Sep. 1996, doi: 10.1177/105649269653008.

[128] C. Faggiolani, “Perceived Identity: applying Grounded Theory in Libraries,”
JLIS.it, vol. 2, no. 1, 2011, doi: http://dx.doi.org/10.4403/jlis.it-4592.

[129] P. Woods, R. Gapp, and M. A. King, “Generating or developing grounded theory:
methods to understand health and illness,” Int. J. Clin. Pharm., vol. 38, no. 3, pp.
663-670, Jun. 2016, doi: 10.1007/s11096-016-0260-2.

[130] S.S.R. Abidi, “Healthcare Knowledge Management: The Art of the Possible,” in
Knowledge Management for Health Care Procedures, Berlin, Heidelberg, 2008, pp.
1-20, doi: 10.1007/978-3-540-78624-5 1.

[131] “Defining N-ary Relations on the Semantic Web.” https://www.w3.org/TR/swbp-
n-aryRelations/ (accessed Mar. 23, 2021).

[132] H. Fan and M. S. Poole, “What Is Personalization? Perspectives on the Design
and Implementation of Personalization in Information Systems,” J. Organ. Comput.
Electron. Commer., vol. 16, no. 3—4, pp. 179-202, Jan. 2006, doi:
10.1080/10919392.2006.9681199.

[133] M. O’Connor et al., “Supporting Rule System Interoperability on the Semantic
Web with SWRL,” in The Semantic Web — ISWC 2005, vol. 3729, Y. Gil, E. Motta,
V. R. Benjamins, and M. A. Musen, Eds. Berlin, Heidelberg: Springer Berlin
Heidelberg, 2005, pp. 974-986.

[134] I. Horrocks, P. F. Patel-Schneider, S. Bechhofer, and D. Tsarkov, “OWL rules: A
proposal and prototype implementation,” J. Web Semant., vol. 3, no. 1, pp. 2340,
Jul. 2005, doi: 10.1016/j.websem.2005.05.003.

[135] “protegeproject/swrlapi,” GitHub. https://github.com/protegeproject/swrlapi
(accessed Jan. 10, 2021).

[136] “Drools Expert User Guide.”
https://docs.jboss.org/drools/release/5.5.0.Final/drools-expert-
docs/html_single/index.html (accessed Mar. 16, 2021).

[137] O. Nicolae, A. Giurca, and G. Wagner, “On Interchange between Drools and
Jess,” p. 14.

[138] “[PDF] The SWRLAPI: A Development Environment for Working with SWRL
Rules | Semantic Scholar.” https://www.semanticscholar.org/paper/The-
SWRLAPI%3A-A-Development-Environment-for-Working-O'Connor-
Shankar/9d4e36622881151115¢2353554551ad3ee37047d (accessed Mar. 16, 2021).

[139] E. Sirin, B. Parsia, B. C. Grau, A. Kalyanpur, and Y. Katz, “Pellet: A practical
OWL-DL reasoner,” J. Web Semant., vol. 5, no. 2, pp. 51-53, Jun. 2007, doi:
10.1016/j.websem.2007.03.004.

111



[140] A. Ordoénez, L. Eraso, H. Ordofiez, and L. Merchan, “Comparing Drools and
Ontology Reasoning Approaches for Automated Monitoring in Telecommunication
Processes,” Procedia Comput. Sci., vol. 95, pp. 353-360, Jan. 2016, doi:
10.1016/j.procs.2016.09.345.

[141] P.van Hille et al., “Comparing Drools and ontology reasoning approaches for
telecardiology decision support,” Stud. Health Technol. Inform., vol. 180, pp. 3004,
Aug. 2012.

[142] J.-B. Lamy, “Owlready: Ontology-oriented programming in Python with
automatic classification and high level constructs for biomedical ontologies,” Artif.
Intell. Med., vol. 80, pp. 11-28, Jul. 2017, doi: 10.1016/j.artmed.2017.07.002.

[143] pwin, pwin/owlready?2. 2021.

[144] “Tools & resources,” DiabetesCanadaWebsite.
https://www.diabetes.ca/resources/tools---resources (accessed Mar. 26, 2021).

[145] “IEEE Standard Glossary of Software Engineering Terminology,” /IEEE Std
61012-1990, pp. 1-84, Dec. 1990, doi: 10.1109/IEEESTD.1990.101064.

[146] C. Culbert, G. Riley, and R. Savely, “APPROACHES TO THE VERIFICATION
OF RULE-BASED EXPERT SYSTEMS,” Mar. 2021.

[147] L. Lengyel, “Validating Rule-based Algorithms,” Acta Polytech. Hung., vol. 12,
no. 4, p. 17, 2015.

[148] R. Knauf, A. J. Gonzalez, and K. P. Jantke, “Validating rule-based systems: a
complete methodology,” in IEEE SMC’99 Conference Proceedings. 1999 IEEE
International Conference on Systems, Man, and Cybernetics (Cat. No.99CH37028),
Oct. 1999, vol. 5, pp. 744-749 vol.5, doi: 10.1109/ICSMC.1999.815644.

[149] R. Knauf, A. J. Gonzalez, and T. Abel, “A framework for validation of rule-based
systems,” IEEE Trans. Syst. Man Cybern. Part B Cybern., vol. 32, no. 3, pp. 281—
295, Jun. 2002, doi: 10.1109/TSMCB.2002.999805.

[150] M. C. Suérez-Figueroa, “First Attempt towards a Standard Glossary of Ontology
Engineering Terminology,” p. 15.

[151] S. Badarudeen and S. Sabharwal, “Assessing Readability of Patient Education
Materials: Current Role in Orthopaedics,” Clin. Orthop., vol. 468, no. 10, pp. 2572—
2580, Oct. 2010, doi: 10.1007/s11999-010-1380-y.

[152] Z.Risoldi Cochrane, P. Gregory, and A. Wilson, “Readability of Consumer
Health Information on the Internet: A Comparison of U.S. Government—Funded and
Commercially Funded Websites,” J. Health Commun., vol. 17, no. 9, pp. 1003—-1010,
Oct. 2012, doi: 10.1080/10810730.2011.650823.

[153] B. Tangiisuran, J. Wright, T. Van der Cammen, and C. Rajkumar, “Adverse drug
reactions in elderly: challenges in identification and improving preventative
strategies,” Age Ageing, vol. 38, no. 4, pp. 358-359, Jul. 2009, doi:
10.1093/ageing/afp050.

112



APPENDIX A: METFORMIN INFORMATION SHEET OFFERED
BY DIABETES CANADA

Biguanide

Type of drug

How does it work?

Typical names
Usual doses

Dosing instructions

What if | forget a dose?

A1C lowering
(4 =lpast, | } } = most)

Effect on weight

Risk of low blood sugar
[hypoglycemia)
Medication
considerations and/or

side effects

When to call
your doctor

When you are sick

Cost
(5 = lowest, 5555 = highest)

Copyright © 2074 Canadian Disbetes Association

Biguanide

« Helps lower the amount of sugar (glucose) that your liver releases into the blood
+ Helps make it easier for your body to use insulin

Metformin (Glucophage”), Long Acting Metformin (Glumetza®)

Metformin 500 to 2550 mg in single or divided doses

« The total daily dose is usually divided, and taken with food, for regular release
metformin
« Take once a day for long acting metformin, usually with evening meal

Ask your healthcare provider

H

Meutral

Rare

Stomach upset such as, gas, diarrhea, and/or constipation
(These side effects often improve over time and can be minimized by starting with
a lower dose, then increasing it slowly to the desired dose)

You are not tolerating the side effects, have developed kidney or liver
complications or are being scheduled for tests involving radioactive dye

{e.g. bone scans or kidney x-rays)

You develop any severe side effects and any negative changes in your overall
health, talk to your health care provider

You are sick, vomiting, have diarrhea, or cannot drink enough fluids, you should
stop this medication until these symptoms go away

Check your blood sugar levels more often, and drink lots of fluids so you do not
become dehydrated

diabetes.ca Canadian
1-800-BANTING (226-8464) Diabetes
Associalion
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APPENDIX B: LIST OF SWRL RULES USED IN DPD{®S

No SWRL Rule

Side Effects Related Rules

1 Patient (?p) » isPrescribed(?p, Metformin) ->
hasEducationMessageSideEffect (?p,Metformin uncommon_ ADR)
hasEducationMessageSideEffect (?p,Metformin common side effect)
hasEducationMessageSideEffect (?p,Metformin rare ADR)

2 Patient (?p) ~ isPrescribed(?p, Alogliptin) ->
hasEducationMessageSideEffect (?p,Alogliptin common side effect)
hasEducationMessageSideEffect (?p,Alogliptin uncommon ADR) *
hasEducationMessageSideEffect (?p,Alogliptin rare ADR)

3 Patient (?p) ~ isPrescribed(?p, Canagliflozin) ->
hasEducationMessageSideEffect (?p,Canagliflozin very common side effect)
* hasEducationMessageSideEffect (?p,Canagliflozin common side effect) *
hasEducationMessageSideEffect (?p,Canagliflozin uncommon ADR) *
hasEducationMessageSideEffect (?p,Canagliflozin rare ADR)

4 Patient (?p) ~ isPrescribed(?p, Dapagliflozin ) ->
hasEducationMessageSideEffect (?p,Dapagliflozin common side effect)

hasEducationMessageSideEffect (?p,Dapagliflozin uncommon ADR) *

(

(

A

A

A

A

hasEducationMessageSideEffect (?p,Dapagliflozin rare ADR) *
hasEducationMessageSideEffect (?p,Dapagliflozin very rare ADR)

5 Patient (?p) ~ isPrescribed(?p, Empagliflozin) ->
hasEducationMessageSideEffect (?p,Empagliflozin very common side effect)
~ hasEducationMessageSideEffect (?p,Empagliflozin common side effect) *
hasEducationMessageSideEffect (?p,Empagliflozin uncommon ADR) *
hasEducationMessageSideEffect (?p,Empagliflozin rare ADR)

6 Patient (?p) ~ isPrescribed(?p, Linagliptin) ->
hasEducationMessageSideEffect (?p,Linagliptin very common side effect)
hasEducationMessageSideEffect (?p,Linagliptin uncommon ADR) *
hasEducationMessageSideEffect (?p,Linagliptin rare ADR)

7 Patient (?p) ~ isPrescribed(?p, Saxagliptin) ->
hasEducationMessageSideEffect (?p,Saxagliptin_ uncommon ADR)
hasEducationMessageSideEffect (?p,Saxagliptin very rare ADR)

8 Patient (?p) ~ isPrescribed(?p, Sitagliptin) ->
hasEducationMessageSideEffect (?p,Sitagliptin very common side effect)
hasEducationMessageSideEffect (?p,Sitagliptin rare ADR)

9 Patient (?p) » isPrescribed(?p, Gliclazide) ->
hasEducationMessageSideEffect (?p,Gliclazide very common side effect)
hasEducationMessageSideEffect (?p,Gliclazide uncommon ADR) *
hasEducationMessageSideEffect (?p,Gliclazide very-rare ADR)

10 Patient (?p) ~ isPrescribed(?p, Glimepiride) ->
hasEducationMessageSideEffect (?p,Glimepiride very common side effect)
hasEducationMessageSideEffect (?p,Glimepiride uncommon ADR) *
hasEducationMessageSideEffect (?p,Glimepiride very-rare ADR)

11 Patient (?p) » isPrescribed(?p, Glyburide ) ->
hasEducationMessageSideEffect (?p,Glyburide common side effect)
hasEducationMessageSideEffect (?p,Glyburide uncommon ADR) *
hasEducationMessageSideEffect (?p,Glyburide rare ADR)
~ hasEducationMessageSideEffect (?p,Glyburide very rare ADR)

A

A

A

A

A

A

Drug-Drug Interactions Rules

12 Patient (?p) ~ swrlb:equal(?Total med, 1) “isPrescribed(?p,Metformin)
“hasTotalMedication (?p, ?Total med) -
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>hasDrugDrugInteraction (?p,Msg no_interaction)

13

A

Patient (?p) » isPrescribed(?p, Metformin)
isPrescribed(?p, Trandolapril) * hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -
>hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

14

A

Patient (?p) » isPrescribed(?p, Metformin) ~ isPrescribed(?p,Ramipril)
hasTotalMedication (?p, ?Total med) ~ swrlb:notEqual (?Total med, 1) -
>hasDrugDruglInteraction (?p,Metformin ACE inhibitors)

15

Patient (?p) ~ isPrescribed(?p, Metformin) » isPrescribed(?p,Quinapril) *
hasTotalMedication (?p, ?Total med) ~ swrlb:notEqual (?Total med, 1) -
>hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

16

Patient (?p) ~ isPrescribed(?p, Metformin) » isPrescribed (?p,Perindopril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

17

Patient (?p) » isPrescribed(?p, Metformin) » isPrescribed(?p,Lisinopril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDruglInteraction (?p,Metformin ACE inhibitors)

18

Patient (?p) » isPrescribed(?p, Metformin) » isPrescribed(?p,Fosinopril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDruglInteraction (?p,Metformin ACE inhibitors)

19

Patient (?p) » isPrescribed(?p, Metformin ) ~ isPrescribed(?p,Enalapril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

20

Patient (?p) ~ isPrescribed(?p, Metformin ) » isPrescribed(?p,Cilazapril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDrugInteraction (?p,Metformin ACE inhibitors)

21

Patient (?p) ~ isPrescribed(?p, Metformin ) » isPrescribed (?p,Captopril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual(?Total med, 1) -
>hasDrugDruglInteraction (?p,Metformin ACE inhibitors)

22

Patient (?p) ” 1isPrescribed(?p, Metformin ) »~ isPrescribed(?p,Benazepril)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) -
>hasDrugDruglInteraction (?p,Metformin ACE inhibitors)

23

Patient (?p) » isPrescribed(?p, Metformin ) » isPrescribed(?p,Bumetanide)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

24

Patient (?p) » isPrescribed(?p, Metformin ) » isPrescribed (?p,Furosemide)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

25

Patient (?p) ~ isPrescribed(?p, Metformin )

isPrescribed (?p,Hydrochlorothiazide) ~ hasTotalMedication (?p,
?Total med) ~ swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

26

Patient (?p) ~ isPrescribed(?p, Metformin ) » isPrescribed(?p, Indapamide)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

27

Patient (?p) » isPrescribed(?p, Metformin ) »~ isPrescribed(?p,Metolazone)
~ hasTotalMedication (?p, ?Total med) ~ swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Metformin diuretics)

28

Patient (?p) ~ swrlb:equal(?Total med, 1) "“isPrescribed(?p,Alogliptin)
“hasTotalMedication (?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction)

29

Patient (?p) ~ swrlb:equal (?Total med, 1) "“isPrescribed(?p,Canagliflozin
) “hasTotalMedication(?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction

30

A

Patient (?p) » isPrescribed(?p, Canagliflozin)
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isPrescribed(?p,Bumetanide) * hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin loop diuretics)

A

31

Patient (?p) » isPrescribed(?p, Canagliflozin) *

isPrescribed(?p, Furosemide) * hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin loop diuretics)

A

32

Patient (?p) » isPrescribed(?p, Canagliflozin) *»

isPrescribed(?p, Furosemide) * hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin loop diuretics)

A

33

Patient (?p) » isPrescribed(?p, Canagliflozin) *

isPrescribed(?p, Trandolapril) *~ hasTotalMedication (?p, ?Total med)

swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

A

34

Patient (?p) » isPrescribed(?p, Canagliflozin) *»
isPrescribed(?p,Ramipril) *~ hasTotalMedication(?p, ?Total med) "
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

35

Patient (?p) » isPrescribed(?p, Canagliflozin) *»

isPrescribed(?p,Quinapril) ~ hasTotalMedication(?p, ?Total med) *

swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction(?p,Canagliflozin ACE inhibitors)

36

Patient (?p) » isPrescribed(?p, Canagliflozin) *»
isPrescribed(?p,Lisinopril) * hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

A

37

Patient (?p) » isPrescribed(?p, Canagliflozin) *

isPrescribed(?p, Fosinopril) * hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

A

38

Patient (?p) » isPrescribed(?p, Canagliflozin) *

isPrescribed(?p,Enalapril) ~ hasTotalMedication(?p, ?Total med) *

swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

39

Patient (?p) » isPrescribed(?p, Canagliflozin) *
isPrescribed(?p,Cilazapril) *~ hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

A

40

Patient (?p) » isPrescribed(?p, Canagliflozin) *

isPrescribed(?p,Captopril) ~ hasTotalMedication(?p, ?Total med) *

swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

41

Patient (?p) » isPrescribed(?p, Canagliflozin) *
isPrescribed(?p,Benazepril) * hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors)

A

42

Patient (?p) » isPrescribed(?p, Canagliflozin) *
isPrescribed(?p,Candesartan) ~ hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ARBs)

A

43

A

Patient (?p) » isPrescribed(?p, Canagliflozin)
isPrescribed(?p, Eprosartan) * hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ARBs)

A
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44

Patient (?p) ~ isPrescribed(?p, Canagliflozin) *

isPrescribed(?p, Irbesartan) ”~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ARBS)

45

Patient (?p) ~ isPrescribed(?p, Canagliflozin) *

isPrescribed(?p, Losartan) ~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ARBSs)

46

Patient (?p) ~ isPrescribed(?p, Canagliflozin) *»
isPrescribed(?p,Valsartan) ~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Canagliflozin ARBSs)

47

Patient (?p) ~ swrlb:equal (?Total med, 1) *
isPrescribed(?p, Dapagliflozin) “hasTotalMedication (?p, ?Total med)
>hasDrugDrugInteraction(?p,Msg no interaction)

48

Patient (?p) ~ isPrescribed(?p, Dapagliflozin )
isPrescribed(?p,Gliclazide) ”~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Dapagliflozin sulfonylureas)

49

Patient (?p) ~ isPrescribed(?p, Dapagliflozin )
isPrescribed(?p,Glimepiride) ~ hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Dapagliflozin sulfonylureas)

A

50

Patient (?p) ~ isPrescribed(?p, Dapagliflozin ) *
isPrescribed(?p,Glyburide) ~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Dapagliflozin sulfonylureas)

51

Patient (?p) ~ swrlb:equal(?Total med, 1) *
isPrescribed (?p,Empagliflozin) “hasTotalMedication (?p, ?Total med)
>hasDrugDrugInteraction (?p,Msg no interaction)

52

A

Patient (?p) » isPrescribed(?p, Empagliflozin)
isPrescribed(?p,Gliclazide) *~ hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Empagliflozin sulfonylureas)

53

A

Patient (?p) » isPrescribed(?p, Empagliflozin)
isPrescribed(?p,Glimepiride) ~ hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction (?p,
Empagliflozin sulfonylureas)

A

54

A

Patient (?p) » isPrescribed(?p, Empagliflozin)
isPrescribed(?p,Glyburide) " hasTotalMedication(?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Empagliflozin sulfonylureas)

55

Patient (?p) ~ swrlb:equal(?Total med, 1) ~ isPrescribed(?p,Linagliptin)

“hasTotalMedication (?p, ?Total med) -
>hasDrugDruglInteraction (?p,Msg no interaction)

56

Patient (?p) » isPrescribed(?p, Linagliptin )
isPrescribed(?p,Gliclazide) *~ hasTotalMedication (?p, ?Total med) *
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Linagliptin sulfonylureas)

57

A

Patient (?p) » isPrescribed(?p, Linagliptin )
isPrescribed(?p,Glimepiride) ~ hasTotalMedication (?p, ?Total med)
swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Linagliptin sulfonylureas)

A

58

A

Patient (?p) » isPrescribed(?p, Linagliptin )
isPrescribed (?p,Glyburide) » hasTotalMedication (?p, ?Total med) *
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swrlb:notEqual (?Total med, 1) -> hasDrugDruglInteraction(?p,
Linagliptin sulfonylureas)

59

Patient (?p) ~ swrlb:equal (?Total med, 1) ~ isPrescribed(?p,Saxagliptin )

“hasTotalMedication (?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction)

60

Patient (?p) ~ swrlb:equal (?Total med, 1) ~ isPrescribed(?p,Sitagliptin)

“hasTotalMedication (?p, ?Total med) -
>hasDrugDruglInteraction (?p,Msg no interaction)

61

Patient (?p) ” 1isPrescribed(?p, Sitagliptin ) *
isPrescribed (?p,Gliclazide) » isPrescribed(?p,Metformin)”

hasTotalMedication (?p, ?Total med) *~ swrlb:notEqual (?Total med, 1)

hasDrugDrugInteraction (?p, Sitagliptin metformin sulfonylureas)

62

Patient (?p) » isPrescribed(?p, Sitagliptin )
isPrescribed (?p,Glimepiride) »~ isPrescribed(?p,Metformin)”*

hasTotalMedication (?p, ?Total med) *~ swrlb:notEqual (?Total med, 1)

hasDrugDrugInteraction (?p, Sitagliptin metformin sulfonylureas)

63

Patient (?p) » isPrescribed(?p, Sitagliptin )
isPrescribed (?p,Glyburide) » isPrescribed(?p,Metformin)”

hasTotalMedication (?p, ?Total med) "~ swrlb:notEqual (?Total med, 1)

hasDrugDrugInteraction (?p, Sitagliptin metformin sulfonylureas)

64

Patient (?p) ~ swrlb:equal(?Total med, 1) ~ isPrescribed(?p,Gliclazide)

“hasTotalMedication (?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction)

65

Patient (?p) » isPrescribed(?p, Gliclazide )
isPrescribed(?p,Bumetanide) * hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->
hasDrugDruglInteraction(?p,Gliclazide diuretics)

66

Patient (?p) ~ isPrescribed(?p, Gliclazide )

isPrescribed(?p, Furosemide) * hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Gliclazide diuretics)

67

Patient (?p) » isPrescribed(?p, Gliclazide ) *

isPrescribed (?p,Hydrochlorothiazide) ~ hasTotalMedication (?p,
?Total med) © swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Gliclazide diuretics)

68

Patient (?p) » isPrescribed(?p, Gliclazide ) *

isPrescribed(?p, Indapamide) *~ hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Gliclazide diuretics)

69

Patient (?p) » isPrescribed(?p, Gliclazide ) *
isPrescribed(?p,Metolazone) * hasTotalMedication(?p, ?Total med)
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Gliclazide diuretics)

70

Patient (?p) ~ swrlb:equal (?Total med, 1) ~ isPrescribed(?p,Glimepiride)

“hasTotalMedication (?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction)

71

Patient (?p) ~ swrlb:equal(?Total med, 1) ”~ isPrescribed(?p,Glyburide)

“hasTotalMedication (?p, ?Total med) -
>hasDrugDrugInteraction (?p,Msg no interaction)

72

Patient (?p) » isPrescribed(?p, Glyburide) » isPrescribed(?p,Bumetanide)

~ hasTotalMedication (?p, ?Total med) "~ swrlb:notEqual(?Total med,
hasDrugDrugInteraction (?p,Glyburide diuretics)

1) ->

73

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed (?p,Furosemide)

~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual(?Total med,
hasDrugDrugInteraction (?p,Glyburide diuretics)

1) ->
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74

Patient (?p) ~ isPrescribed(?p, Glyburide) *»
isPrescribed (?p, Hydrochlorothiazide) »~ hasTotalMedication (?p,
?Total med) *~ swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide diuretics)

75

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed (?p, Indapamide)
~ hasTotalMedication(?p, ?Total med) " swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide diuretics)

76

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed(?p,Metolazone)
~ hasTotalMedication (?p, ?Total med) ~ swrlb:notEqual(?Total med, 1) ->
hasDrugDruglInteraction (?p,Glyburide diuretics)

77

Patient (?p) ~ isPrescribed(?p, Glyburide) *
isPrescribed (?p, Trandolapril) *~ hasTotalMedication(?p, ?Total med) "
swrlb:notEqual (?Total med, 1) ->

hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

78

A

Patient (?p) » isPrescribed(?p, Glyburide) ~ isPrescribed(?p,Ramipril)
hasTotalMedication (?p, ?Total med) "~ swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

79

A

Patient (?p) » isPrescribed(?p, Glyburide) » isPrescribed(?p,Quinapril)
hasTotalMedication (?p, ?Total med) "~ swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

80

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed (?p,Perindopril)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

81

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed(?p,Lisinopril)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

82

Patient (?p) » isPrescribed(?p, Glyburide) » isPrescribed(?p,Fosinopril)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual(?Total med, 1) ->
hasDrugDruglInteraction (?p,Glyburide ACE inhibitors)

83

A

Patient (?p) » 1isPrescribed(?p, Glyburide) » isPrescribed(?p,Enalapril)
hasTotalMedication (?p, ?Total med) *~ swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

84

Patient (?p) » isPrescribed(?p, Glyburide) » isPrescribed(?p,Cilazapril)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual (?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

85

Patient (?p) ~ isPrescribed(?p, Glyburide) » isPrescribed(?p,Captopril) *
hasTotalMedication (?p, ?Total med) *~ swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

86

Patient (?p) » isPrescribed(?p, Glyburide) » isPrescribed (?p,Benazepril)
~ hasTotalMedication (?p, ?Total med) " swrlb:notEqual(?Total med, 1) ->
hasDrugDrugInteraction (?p,Glyburide ACE inhibitors)

Special Consideration Rules

87

Patient (?p) » isPrescribed (?p,Metformin) "“hasRiskFactor (?p,Elderly) -
>hasSpecialConsideration (?p,Consideration metformin elderly)

88

Patient (?p) » isPrescribed (?p,Metformin)
“hasRiskFactor (?p,Binge drinking) -
>hasSpecialConsideration (?p,Consideration metformin alcohol)

89

Patient (?p) “hasDrugDrugInteraction(?p,Metformin diuretics) -
>hasSpecialConsideration (?p,Consideration metformin diuretics)

90

Patient (?p) “hasDrugDruglnteraction(?p,Metformin ACE inhibitors) -
>hasSpecialConsideration (?p,Consideration metformin ACE inhibitors)

91

Patient (?p) ~ isPrescribed(?p, Canagliflozin) “hasRiskFactor (?p,Elderly)
->hasSpecialConsideration (?p,Consideration canagliflozin elderly)

92

Patient (?p) » isPrescribed(?p,Canagliflozin)
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“hasRiskFactor (?p,Binge drinking) -
>hasSpecialConsideration (?p,Consideration canagliflozin alcohol)

93

Patient (?p) ” isPrescribed(?p, Canagliflozin) *
hasRiskFactor (?p,Heart failure) -
>hasSpecialConsideration (?p,Consideration canagliflozin heart failure)

94

Patient (?p) ” isPrescribed(?p, Canagliflozin) *

hasRiskFactor (?p,Cardiovascular disease) -
>hasSpecialConsideration (?p,Consideration canagliflozin cardiovascular d
isease)

95

A

Patient (?p) » isPrescribed(?p, Canagliflozin)
hasRiskFactor (?p,Diabetes kidney disease) -
>hasSpecialConsideration (?p,Consideration canagliflozin diabetic kidney
disease)

96

Patient (?p) “hasDrugDrugInteraction (?p,Canagliflozin ACE inhibitors) -
>hasSpecialConsideration (?p,Consideration canagliflozin ACE inhibitors)

97

Patient (?p) “hasDrugDrugInteraction(?p,Canagliflozin ARBs) -
>hasSpecialConsideration (?p,Consideration canagliflozin ARBs)

98

Patient (?p) “hasDrugDrugInteraction (?p,Canagliflozin loop diuretics) -
>hasSpecialConsideration (?p,Consideration canagliflozin loop diuretics)

99

Patient (?p) “hasDrugDruglInteraction(?p,Dapagliflozin sulfonylureas) -
>hasSpecialConsideration (?p,Consideration dapagliflozin sulfonylureas)

100

Patient (?p) » 1isPrescribed (?p,Empagliflozin)
“hasRiskFactor (?p,Binge drinking) -
>hasSpecialConsideration (?p,Consideration empagliflozin alcohol)

101

Patient (?p) “hasDrugDrugInteraction (?p,Empagliflozin sulfonylureas) -
>hasSpecialConsideration (?p,Consideration empagliflozin sulfonylureas)

102

Patient (?p) “hasDrugDrugInteraction(?p,Linagliptin sulfonylureas) -
>hasSpecialConsideration (?p,Consideration linagliptin sulfonylureas)

103

Patient (?p) » isPrescribed(?p, Saxagliptin) *

hasRiskFactor (?p,Chronic_kidney disease) -
>hasSpecialConsideration (?p,Consideration saxagliptin chronic kidney dis
ease)

104

Patient (?p)
“hasDrugDrugInteraction (?p,Sitagliptin metformin sulfonylureas) -
>hasSpecialConsideration(?p,Consideration sitagliptin metformin sulfonyl
ureas)

105

Patient (?p) » isPrescribed(?p, Gliclazide) “hasRiskFactor (?p,Elderly) -
>hasSpecialConsideration (?p,Consideration gliclazide elderly)

106

Patient (?p) ~ isPrescribed(?p,Gliclazide)
“hasRiskFactor (?p,Binge drinking) -
>hasSpecialConsideration (?p,Consideration gliclazide alcohol)

107

Patient (?p) “hasDrugDrugInteraction(?p,Gliclazide diuretics) -
>hasSpecialConsideration (?p,Consideration gliclazide diuretics)

108

Patient (?p) » isPrescribed(?p, Gliclazide) *
hasRiskFactor (?p, Impaired renal function) -
>hasSpecialConsideration(?p,Consideration gliclazide impaired renal func
tion)

109

Patient (?p) » isPrescribed(?p, Glimepiride) “hasRiskFactor (?p,Elderly) -
>hasSpecialConsideration (?p,Consideration glimepiride elderly)

110

Patient (?p) ~ isPrescribed(?p,Glimepiride)
“hasRiskFactor (?p,Binge drinking) -
>hasSpecialConsideration (?p,Consideration glimepiride alcohol)

111

Patient (?p) “hasDrugDrugInteraction (?p,Glyburide diuretics) -
>hasSpecialConsideration (?p,Consideration glyburide diuretics)

112

Patient (?p) “hasDrugDruglnteraction(?p,Glyburide ACE inhibitors) -
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>hasSpecialConsideration (?p,Consideration glyburide ACE inhibitors)
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aganists
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APPENDIX D: PROPERTIES OF ADVERSEDRUGREACTION
SUBCLASSES

Class hierarchy: Abdominal_bloating M- = =] @8 Annotations: Abdominal_bloating
8. Asserted ~

Annctations
w0 owl:Thing

. rdfs:comment
¥ AdverseDrugReaction . !
™ Abdominal_bloating Abdominal bloating

- Acute_Kidney_failure
----- ) Acute_kidney_infection
----- @ Allergic_skin_reactions
- Anaphylactic_reaction

----- @ Blood_abnormalities
----- ) Blood_disorders

Description: Abdominal_bloating
- () Bone_fracture

" Bullous_pemphigoid Equivalert To
----- @ Chest_pain
----- ) Constipation .
----- @ Dark_coloured_urine SubClass Of

- Dehydration

() AdverseDrugReaction
(o waek:'_ping_sk:nnf_he_artbeat @ isParticipant_of some
""" L] Diabetic_ketoacidosis {AdverseDrugReaction_Relation
----- : Diarrhea and {(hasOccurance_in some
----- Disulfiram_like_reaction (Patient
= Eno(_ephabpathy and (hasDisease some Type_2_diabetes_mellitus)
[ ] Feel!nﬂ_ofbld and (isPrescribed some Glyburide_group)))
""" [ ] Feel!llﬂ_d_lllll’ and (hasADR_Probability value "Common™))
: :_:Ir':;—rt"‘:l rene @ isParticipant_of some
" ® Gos —gang (AdverseDrugReaction_Relation
. and {hasOccurance_in some
) Heart_failure )
""" @ Hemolytic_anemia {:: na ;K{ellll;sDisease some T 2_diabetes_mellitus)
----- ) Hypersensitivity ype_2 -

and (isPrescribed some Metformin_group)))
and {(hasADR_Probability value "Common"})

----- @ Kidney_problems

General class axioms
----- ) Lactic_acidosis

SubClass Of (Anonymous Ancestor)

@ hasADR_Description some rdfs:Literal
----- ' Oedema
----- @ Pancreatitis
" Peripheral_ischemia Instances

o Peripheral_neuropathy & Abdominal_bloating_1
Rapid_swelling

----- @ Rash

""" O Sepsis Target for Key

@ Severe_hypoglycemia

Skin_ulcer -

@ stevens_Johnson_syndrome Disjoirt With

----- ) Trouble_breathing
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Class hierarchy: Acute_kidney_failure =[] @ Annotations: Acute kidney_failure
u [=+ Bi Asserted ~ Annotations

¥ owlThing rdfs:;comment
¥ AdverseDrugReaction

----- ) Abdominal_bloating

:

- Acute_Kidney_infection
----- ) Allergic_skin_reactions
" Anaphylactic_reaction
@ Arthralgia

Balanitis

- Blood_abnormalities

..... -frespriniin
) Bone_fracture

" Bullous_pemphigoid Equivalent To

Chest_pain

Acute kidnay failure

- () Constipation _

----- @ Dark_coloured_urine Subtlass Of
) Dehydration ) AdverseDrugReaction
0 Developing_slow_heartbeat @ isParticipant_of some

Diabetic_ketoacidosis (AdverseDrugReaction_Relation

) Diarrhea and (hasOccurance_in some

----- @ Disulfiram_like_reaction (Patient
© Encephalopathy and (hasDisease some Type_2_diabetes_mellitus)
© Feeling_cold and {isPrescribed some Sitagliptin_group)}}

Feeling_dizzy and {(hasADR_Probability value "Rare™))
) Feeling_tired

----- @ Fournier_gangrene

0 Gas General class axioms

) Heart_failure
Hemolytic_anemia
- () Hypersensitivity

..... @ Hypoglycemia @ hasADR_Description some rdfs:Literal
@ Hyponatraemia
) Hypotension

SubClass Of (Anonymous Ancestor)

Kidney_problems Instances
- {0 Lactic_acidosis & Acute_kidney_failure_1
'''' @ Liver_problem
: I;;ii;‘:_appeme Target for Key
Oedema
© Pancreatitis Disioirt With
----- ) Peripheral_ischemia
@ Peripheral_neuropathy
) Rapid_swelling Disjoint Union Of

- () Sepsis

----- ) Severe_hypoglycemia

@ Skin_ulcer

- () Stevens_Johnson_syndrome
----- ) Trouble_breathing
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Class hierarchy: Acute_kidney_infection ] M H ¥ @ Annotations: Acute_kidney_infection
%S| Asserted v

Annctations

¥+ & owlThing rdfs:comment
¥ ) AdverseDrugReaction pete Koy i
----- ) Abdominal_bloating cute kidney infection

-0 Acute_kidney_failure

L JAcute kidney infection
- @ Allergic_skin_reactions Description: Acute_kidney_infection
----- ) Anaphylactic_reaction

""" @ Arthralgia Equivalert To
- () Balanitis
@ Blood_abnormalities
- () Blood_disorders SubClass Of
"""  Bone_fracture o ) AdverseDrugReaction
: g:::ltl 5ﬁm higeid ) isParticipant_of some
= Consti_pation (AdverseDrugReaction_Relation
@ Dark {;.:Ioured urine and {hasOccurance_in some
..... e [:.e[:,e,,“,‘:_}!lra ration j rthea {: : :T:;;Disease some Type_2_diabetes_mellitus)
: Diabe?if:m:;till?:"ia::; t and (isPrescribed some Can;gfiﬁozin_urau ))]
o Diarrllea_ and (hasADR_Probability value "Rare"})
- () Disulfiram_like_reaction ) isParticipant_of some
----- ) Encephalopathy {AdverseDrugReaction_Relation
----- ) Feeling_cold and [Il_asOccu rance_in some
- () Feeling_dizzy {Patient
) Feeling_tired and (hasDisease some Type_2_diabetes_mellitus)
- Fournier_gangrene and (isPrescribed some Dapagliflozin_group}))
..... ® Gas and (hasADR_Probability value "Very rare"})
""" © Heart_failure @ isParticipant_of some
- (0 Hemolytic_anemia {AdverseDrugReaction_Relation

0 Hypersensitivity and {hasOccurance_in some

- Hypoglycemia {Patient

----- ) Hyponatraemia and (hasDisease some Type_2_diabetes_mellitus)
----- ) Hypotension and (isPrescribed some Empagliflozin_group)))

- Kidney_problems and {(hasADR_Probability value "Unknown"))
) Lactic_acidosis

- ) Liver_problem

..... ® Loss_of_appetite General class axioms

----- @ Nausea

: I{J'}:;‘f:r"el:tMS SubClass Of (Anonymous Ancestor)

- Peripheral_ischemia ) hasADR_Description some rdfs:Literal
----- @ Peripheral_neuropathy

: g:hld_swellmg Instances

@ Sepsis & Acute_kidney_infection_1

- Severe_hypoglycemia

----- @ Skin_ulcer

----- ) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Target for Key
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Class hierarchy: Allergic_skin_reactions ][ H = @ Annotations: Allergic_skin_reactions
%S| Asserted «

Annotations
-0 (;\”;Thing rdfs:comment
¥ AdverseDrugReaction i i i
..... © Abdominal Bioating Allergic skin reactions

----- ) Acute_kidney_failure
- Acute_kidney_infection

™ JlAllergic_skin_reactions

: Description: Allergic_skin_reactions
----- @ Anaphylactic_reaction
..... @ Arthralgia Ecuivalert To

----- © Balanitis

- (1 Blood_abnormalities
) Blood_disorders SubClass Of
() Bone_fracture

o @ AdverseDrugReaction

: g:::: sﬁm phigold ) isParticipant_of some
,,,,, ® Con sﬁja tion (AdverseDrugReaction_Relation
_____ © Dark g:bured urine and (hasOccurance_in some
- @ Dehydration (Patient ) )
- () Developing_slow_heartbeat and (hasDisease some Type_2_diabetes_mellitus)
..... ® Diabetic_ketoacidosis and {isPrescribed some Alogliptin_group)))
..... @ Diarrhea and (hasADR_Probability value "Uncommon™))
----- @ Disulfiram_like_reaction 0 isParticipant_of some
----- ' Encephalopathy {AdverseDrugReaction_Relation
- Feeling_cold and {h_asOccuranoe_in some

) Feeling_dizzy (Patient
- @) Feeling_tired and (hasDisease some Type_2_diabetes_mellitus)
----- ) Fournier_gangrene and {isPrescribed some Glyburide_group)))
..... and (hasADR_Probability value "Uncommon™))

@ Gas

) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasQccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Sitagliptin_group)))
and {hasADR_Probability value "Rare"})

----- @ Heart_failure

- () Hemolytic_anemia
- () Hypersensitivity
----- @ Hypoglycemia

----- () Hyponatraemia

----- @ Hypotension

----- ) Kidney_problems
- Lactic_acidosis
@ Liver_problem

- Loss_of_appetite General class axioms

----- @ Nausea

----- Oedema i i
: Pancreatitie SubClass Of (Anonymous Ancestor)

- Peripheral_ischemia " hasADR_Description some rdfs:Literal
@ Peripheral_neuropathy
: I;:ghld_swellmg Instances

----- © Sepsis & Allergic_skin_reactions_1
----- ) Severe_hypoglycemia
- (0 Skin_ulcer

Target for Key
() Stevens_Johnson_syndrome arget for hey
----- @ Trouble_breathing
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Class hierarchy: Anaphylactic_reaction M= m = @ Annotations: Anaphylactic_reaction
+
1l- |=+ ]82 Asserted ~ Annotations

¥ & owl:Thing rdfs:comment

v AdverseDrugReaction

----- & Abdominal_bloating

----- @ Acute_kidney_failure

- Acute_Kidney_infection
© Allergic_skin_reactions Description: Anaphylactic_reaction

=% JAnaphylactic_reaction

""" © Arthraigia Equivalent To

----- ) Balanitis

----- () Blood_abnormalities

- Blood_disorders SubClass Of

 Bone_fracture @ AdverseDrugReaction

Anaphylactic reaction is severe allergic reaction

: g::;:'s—ﬁm""m" ) isParticipant_of some
..... ® CO,,SEN tion {AdverseDrugReaction_Relation
pa and {hasOccurance_in some

{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group)))
and (hasADR_Probability value "Rare"))

----- @ Dark_coloured_urine
-~ Dehydration

) Developing_slow_heartbeat
- () Diabetic_ketoacidosis

----- @ Diarrhea

-----  Disulfiram_like_reaction

""" ® Encephalopathy General class axioms
-} Feeling_cold

@ Feeling_dizzy

- Feeling_tired SubClass Of (Anonymous Ancestor)
""" : Fournier_gangrene ) hasADR_Description some rdfs:Literal
..... Gas

----- ) Heart_failure

- Hemolytic_anemia Instances

@ Hypersensitivity & Anaphylactic_reaction_1
----- @ Hypoglycemia

----- ) Hyponatraemia

----- ) Hypotension Target for Key

----- @ Kidney_problems

- Lactic_acidosis

@ Liver_problem Disjoirt With
- Loss_of_appetite
..... : Nausea Disjoint Union Of
---- Oedema

----- ) Pancreatitis

- Peripheral_ischemia
- Peripheral_neuropathy
----- @ Rapid_swelling

----- ) Rash

----- ) Sepsis

- Severe_hypoglycemia

) Stevens_Johnson_syndrome
----- ) Trouble_breathing

127



Class hierarchy: Arthralgia (2] = = X] @ Annotations: Arthralgia
8. | Asserted ~

¥-- 0 owl:Thing

- AdverseDrugReaction S
- @ Abdominal_bloating Severe joint pain

- (0 Acute_kidney_failure

- (I Acute_kidney_infection

- @ Allergic_skin_reactions Description: Arthralgia

- Anaphylactic_reaction

lArthralgia Equivalent To

Annotations

rdfs:comment

- () Balanitis

- () Blood_abnormalities

- Blood_disorders SubClass Of

- @ Bone_fracture ) AdverseDrugReaction
© Bullous_pemphigoid

) Chest_pain () isParticipant_of some

— {AdverseDrugReaction_Relation

: g:“rksngzﬁ:ed urine al;g {gzs?ccuranoe_in some
i - atien

: m;‘::" slow heartbeat and {!lasDise;se some Ty'!}e_Z__d_iabetes_mellirus}
- @ Diabetic k(-.:toacia osis and {isPrescribed s_o_me Linagliptin_group))}

@ Diar rllea_ and (hasADR_Probability value "Unknown"))

@ Disulfiram_like_reaction @ isParticipant_of some

) Encephalopathy (AdverseDrugReaction_Relation
- Feeling_cold and {hasOccurance_in some
- (0 Feeling_dizzy {Patient
- @ Feeling_tired and (hasDisease some Type_2_diabetes_mellitus)
- @ Fournier_gangrene and {isPrescribed some Saxagliptin_group}}}

O Gas and (hasADR_Probability value "Uncommon™})
@ Heart_failure

) Hemolytic_anemia
- () Hypersensitivity

- (0 Hypoglycemia

- Hyponatraemia SubClass Of (Anonymous Ancestor)

: Hmydpr?e::f:gl;lems ) hasADR_Description some rdfs:Literal
) Lactic_acidosis

@ Liver_problem Instances

- (0 Loss_of_appetite

General class axioms

. @ Nausea & Arthraigia_1
- () Oedema
- Pancreatitis Target for Key
@ Peripheral_ischemia
- (I Peripheral_neuropathy
- (0 Rapid_swelling Disjoint VWith

- Rash

- () Sepsis

- (I Severe_hypoglycemia

- Skin_ulcer

) Stevens_Johnson_syndrome
----- ) Trouble_breathing

Disjoirt Union Of
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Class hierarchy: Balanitis F1I = m = @ Annotations: Balanitis

%

8| |3

¥ owlThing
Y

r-- (0 AdverseDrugReaction

----- & Abdominal_bloating
Acute_Kidney_failure
Acute_Kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Blood_abnormalities
Blood_disorders
Bone_fracture
Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
SKin_ulcer
Stevens_Johnson_syndrome

----- @ Trouble_breathing

Asserted w

Annotations
rdfs:comment
Yeastinfection ofthe penis

Description: Balanitis

Equivalent To

SubClass COf
) AdverseDrugReaction
@ isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group)))
and (hasADR_Probability value "Common"))
@ isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Dapagliflozin_group)))
and (hasADR_Probability value "Common"))
) isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empaglifiozin_group}))
and (hasADR_Probability value "Common"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Balanitis_1

Target for Key
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Class hierarchy: Blood_abnormalities 1= M X @ Annotations: Blood_abnormalities

%

8+

i

¥ owlThing

b

F-.. .

AdverseDrugReaction

- Abdominal_bloating

) Acute_Kidney_failure

- (0 Acute_kidney_infection
- (0 Allergic_skin_reactions

 Anaphylactic_reaction
@ Arthralgia

= JBlood_abnormalities

- () Blood_disorders

) Bone_fracture
" Bullous_pemphigoid
@ Chest_pain

- (1 Constipation
- (0 Dark_coloured_urine

() Dehydration

- (1 Developing_slow_heartbeat
- () Diabetic_ketoacidosis

- () Diarrhea

- (0 Disulfiram_like_reaction

() Encephalopathy

- () Feeling_cold
- Feeling_dizzy
- Feeling_tired
- Fournier_gangrene

@ Gas

- (1 Heart_failure
- () Hemolytic_anemia

) Hypersensitivity
& Hypoglycemia
@ Hyponatraemia

- () Hypotension
- @ Kidney_problems

) Lactic_acidosis

- Liver_problem

- Loss_of_appetite
- () Nausea

- Dedema

@ Pancreatitis

- Peripheral_ischemia
- (1 Peripheral_neuropathy
- () Rapid_swelling

@ Rash
@ Sepsis

- (1 Severe_hypoglycemia
- @ SKin_ulcer

() Stevens_Johnson_syndrome
@ Trouble_breathing

Asserted =

Annotations
rdfs:comment
Blood abnormalities

Description: Blood_abnormalities

Equivalent To

SubClass Of
@ AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group)))
and {(hasADR_Probability value "Very rara”})

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Blood_abnormalities_1
Target for Key
Disjoint VWith

Digjoint Union Of
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Class hierarchy: Blood_disorders 2] M= ®E @ Annotations: Blood_disorders
%8 | X

¥ @ owl:Thing

h

r- (0 AdverseDrugReaction

----- & Abdominal_bloating
Acute_Kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Balanitis
Blood_abnormalities
Bone_fracture
Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
Skin_ulcer
Stevens_Johnson_syndrome

----- @ Trouble_breathing

Asserted «

Annotations
rdfs:comment
Blood disorders

Description: Blood_disorders

Equivalent To

SubClass Of
© AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)))
and {hasADR_Probability value "Rare"}}

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances
& Biood_disorders_1

Target for Key
Disgjoint With

Disjoint Union Of
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Class hierarchy: Bone_fracture 1= = W Annotations: Bone_fracture

8. [

¥ (0 owlThing

h

r-- (0 AdverseDrugReaction

----- @ Abdominal_bloating

----- @ Acute_kidney_failure

----- @ Acute_kidney_infection
----- ) Allergic_skin_reactions
- (1 Anaphylactic_reaction

- () Balanitis
----- " Blood_abnormalities
----- © Blood_disorders

----- <

----- © Bullous_pemphigoid
- () Chest_pain

----- ) Developing_slow_heartbeat
----- 0 Diabetic_ketoacidosis
----- ) Diarrhea

----- " Disulfiram_like_reaction
----- & Encephalopathy

- () Feeling_cold

@ Feeling_dizzy

----- @ Feeling_tired

----- @ Fournier_gangrene

..... . Gas

----- @ Heart_failure

----- @ Hemolytic_anemia

- () Hypersensitivity

@ Hyponatraemia

) Hypotension

----- @ Kidney_problems

----- ) Lactic_acidosis

----- @ Liver_problem

----- ) Loss_of_appetite

----- @ Nausea

- ) Oedema

' Pancreatitis

----- ) Peripheral_ischemia
----- @ Peripheral_neuropathy
----- ) Rapid_swelling

..... . Rash

----- @ Sepsis

- Severe_hypoglycemia

) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted =

Annctations
rdfs:comment
Bone fracture

Description: Bone_fracture

Equivalent To

SubClass Of
@ AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and ({isPrescribed some Canagliflozin_group)}}
and (hasADR_Probability value "Common"}))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

. Bone_fracture_1
Target for Key
Disjoirt With

Digjoirt Union Of
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Class hierarchy: Bullous_pemphigoid [ 1= =1 %] @ Annotations: Bullous_pemphigoid

%

8+

4

¥ owl:Thing
r- (0 AdverseDrugReaction

k.

) Abdominal_bloating
Acute_kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Balanitis
Blood_abnormalities
Blood_disorders
Bone_fracture
Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration

Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
Skin_ulcer

() Trouble_breathing

Developing_slow_heartbeat

Stevens_Johnson_syndrome

Asserted -

Annotations
rdfs:comment
Bullous pemphigoid is severe skin reaction. Signs and symptoms include ni

Description: Bullous_pemphigoid

Equivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Alogliptin_group}))
and (hasADR_Probability value "Very rare"))

() isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Linagliptin_group)))
and {(hasADR_Probability value "Rare"))
() isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Saxagliptin_group)))
and {(hasADR_Probability value "Very rare"))
() isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Sitagliptin_group}))
and {hasADR_Probability value "Rare"))

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal
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Giass herarchy-Chesi_pain EIELE
%ie | =

¥-- @0 owl:Thing

b

v (0 AdverseDrugReaction

----- @ Abdominal_bloating

----- @ Acute_kidney_failure

- Acute_kidney_infection
@ Allergic_skin_reactions
" Anaphylactic_reaction

- Arthralgia

----- @ Balanitis

""" ) Blood_abnormalities

----- @ Blood_disorders

- (1) Bone_fracture

- (0 Bullous_pemphigoid

""" .

----- @ Constipation

----- (" Dark_coloured_urine

""" @ Dehydration

- () Developing_slow_heartbeat
() Diabetic_ketoacidosis

- (0 Diarrhea

----- ) Disulfiram_like_reaction
----- " Encephalopathy

-----  Feeling_cold

- () Feeling_dizzy

- Feeling_tired

----- @ Fournier_gangrene
----- © Gas

----- ) Heart_failure

----- ) Hemolytic_anemia

- ) Hypersensitivity

@ Hypoglycemia

- Hyponatraemia

----- @ Hypotension

----- @ Kidney_problems

----- @ Lactic_acidosis

- {0 Liver_problem

@ Loss_of_appetite

- () Nausea

----- ) Oedema

----- ) Pancreatitis

----- ) Peripheral_ischemia

- Peripheral_neuropathy
@ Rapid_swelling

- (0 Rash

----- @ Sepsis

----- @ Severe_hypoglycemia
----- ) Skin_ulcer

- () Stevens_Johnson_syndrome
----- ) Trouble_breathing

Asserted -

Annotations
rdfs:comment
Chest pain or pressure

Description: Chest_pain

134

Equivalert To

SubClass Of
() AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group)))
and {(hasADR_Probability value "Uncommon"))

General class axioms

SubClass Of (Anonymous Ancestor)

" hasADR_Description some rdfs:Literal

Instances

.Chest . pain_1
Target for Key
Digjoint With

Digjoirt Union Of



0 AdverseDrugReaction
Abdominal_bloating
Acute_Kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Balanitis
Blood_abnormalities
Blood_disorders
Bone_fracture
Bullous_pemphigoid
Chest_pain
IConstipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Qedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
Skin_ulcer
Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted «

Class hierarchy: Constipation 1[M= = @ Annotations: Constipation
%8| X

¥ owl:Thing

Annotations
rdfs:comment
Constipation

Description: Constipation

Equivalert To

SubClass Of
) AdverseDrugReaction

0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group}))
and (hasADR_Probability value "Common"}))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

.Con stipation_1
Target for Key
Disjoirt VWith

Digjoint Union Of
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-0 AdverseDrugReaction

----- @ Abdominal_bloating
Acute_Kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
----- ) Anaphylactic_reaction
----- @ Arthralgia

Balanitis
Blood_abnormalities
Blood_disorders

----- ) Bone_fracture

----- © Bullous_pemphigoid
Chest_pain
Constipation
Dehydration

----- ) Developing_slow_heartbeat
----- ) Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
----- ) Encephalopathy

----- @ Feeling_cold

----- @ Feeling_dizzy
Feeling_tired
Fournier_gangrene

----- ) Heart_failure

----- ) Hemolytic_anemia
Hypersensitivity
Hypoglycemia

----- ) Hyponatraemia
----- ) Hypotension

----- @ Kidney_problems
Lactic_acidosis
Liver_problem

----- ) Loss_of_appetite
..... . Nausea

Pancreatitis
Peripheral_ischemia

----- @ Peripheral_neuropathy

----- ) Rapid_swelling

..... @ Rash

Sepsis
Severe_hypoglycemia

----- ) Skin_ulcer

----- ) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted -

Class hierarchy: Dark_coloured_urine ] [M= == W Annotations: Dark_coloured_urine
Lis

¥ owl:Thing

Annotations
rdfs:comment

Dark-coloured urine or light-coloured bowel movements (e.g. jaundice)

Description: Dark_coloured_urine

Eguivalent To

SubClass Of
) AdverseDrugReaction

0 isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group}))
and (hasADR_Probability value "Uncommon ™))

General class axioms

SubClags Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances
. Dark_coloured_urine_1

Target for Key
Disjoint With

Digjoint Union Of
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Class hierarchy: Dehydration M= == @ Annotations: Dehydration

Be. X

¥ owl:Thing

h

r-- () AdverseDrugReaction

----- & Abdominal_bloating

- () Acute_kidney_failure
@ Acute_kidney_infection
- () Allergic_skin_reactions
----- @ Anaphylactic_reaction
----- ) Arthralgia

- () Balanitis

) Blood_abnormalities

- () Blood_disorders

----- ) Bone_fracture

----- @ Bullous_pemphigoid

----- @ Chest_pain

- () Constipation

- (0 Dark_coloured_urine
----- o

-----  Developing_slow_heartbeat
----- () Diabetic_ketoacidosis
- () Diarrhea

(" Disulfiram_like_reaction
- (0 Encephalopathy

-----  Feeling_cold

----- @ Feeling_dizzy

----- ) Feeling_tired

- (1 Fournier_gangrene

- ) Heart_failure

----- @ Hemolytic_anemia

----- ) Hypersensitivity

- () Hypoglycemia

) Hyponatraemia

- () Hypotension

----- ) Kidney_problems

----- @ Lactic_acidosis

----- ) Liver_problem

- Loss_of_appetite

- () Nausea

..... . Oedema

----- ) Pancreatitis

----- ) Peripheral_ischemia
- Peripheral_neuropathy
) Rapid_swelling

- Rash

----- ) Sepsis

----- @ Severe_hypoglycemia
----- ) Skin_ulcer

- Stevens_Johnson_syndrome
----- ) Trouble_breathing

Asserted -

Annctations
rdfs:comment
Dehydration

Description: Dehydration

Equivalert To

SubClass Of
) AdverseDrugReaction

@ isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Canagliflozin_group)))
and {(hasADR_Probability value "Unknown"}}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Dehydration_1
Target for Key
Digjoirt With

Digjoirt Union Of
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Class hierarchy: Developing_slow_heartbeat ][ W] @ Annotations: Developing_slow_heartbeat
*
tl [=+ 38{ Asserted ~ Annotations

v @ owlThing rdfs:comment
¥ (0 AdverseDrugReaction

----- @ Abdominal_bloating

- () Acute_Kidney_failure
) Acute_Kidney_infection
- @ Allergic_skin_reactions Description: Developing_slow_heartbeat

----- ) Anaphylactic_reaction

- Arthralgia Equivalznt To

Developing slow or irregular heartbeat

- (1 Blood_abnormalities
----- ) Blood_disorders SubClass Of
"""  Bone_fracture @ AdverseDrugReaction
- (1 Bullous_pemphigoid

() Chest_pain

@ isParticipant_of some
{AdverseDrugReaction_Relation

- () Constipation "
_____ . and (hasOccurance_in some
() Dark_coloured_urine (Patient

and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group)))
and (hasADR_Probability value "Uncommon™))

----- () Dehydration

=% JDeveloping_slow_heartbeat
- () Diabetic_ketoacidosis

----- @ Diarrhea

-----  Disulfiram_like_reaction

""" o Encephalopathy General class axioms
- (1) Feeling_cold

- (0 Feeling_dizzy
..... ® Feeling_tired SubClass Of (Anonymous Ancestor)
""" @ Fournier_gangrene " hasADR_Description some rdfs:Literal

----- O Gas

- (0 Heart_failure

- () Hemolytic_anemia Instances

""" (& Hypersensitivity & Developing_slow_heartbeat_1
..... . Hypoulyoemia

----- @ Hyponatraemia

- () Hypotension Target for Key

- (0 Kidney_problems

----- @ Lactic_acidosis

----- @ Liver_problem Disjoirt With
- () Loss_of_appetite
@ Nausea Disjoint Union Of

- () Oedema

----- @ Pancreatitis

----- @ Peripheral_ischemia

- (0 Peripheral_neuropathy
" Rapid_swelling

- {0 Rash

..... . Sepsis

----- ) Severe_hypoglycemia
- () Skin_ulcer

) Stevens_Johnson_syndrome
----- @ Trouble_breathing
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Class hierarchy: Diabetic_ketoacidosis

21M= M= W Annotations: Diabetic_ketoacidosis

% 9| 1= Asserted ¥
v owlThing

¥ AdverseDrugReaction

----- @ Abdominal_bloating
Acute_kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Balanitis
Blood_abnormalities
Blood_disorders
Bone_fracture
Bullous_pemphigoid
Chest_pain

Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat

Diarrhea

Annctations
rdfs:comment
Increased levels of ketones in urine or blood

Description: Diabetic_ketoacidosis

Equivalert To

SubClass Of
) AdverseDrugReaction
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group}}}
and (hasADR_Probability value "Rare"))

Disulfiram_like_reaction
Encephalopathy
Feeling_cold

) isParticipant_of some

{AdverseDrugReaction_Relation
and {(hasOccurance_in some

Feeling_dizzy (Patient

Feeling_tired and (hasDisease some Type_2_diabetes_mellitus)
Fournier_gangrene and {isPrescribed some Dapagliflozin_group)}}
Gas and (hasADR_Probability value "Rare"))
Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

@ isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empagliflozin_group}))
and {(hasADR_Probability value "Rare"}}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Rash Instances

Sepsis # Diabetic_ketoacidosis_1
Severe_hypoglycemia

Skin_ulcer Target for Key

Stevens_Johnson_syndrome
----- @ Trouble_breathing
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Class hierarchy: Diarrhea 1[0 = m ] @ Annotations: Diarrhea

%

@ | [

¥ owl:Thing

h

7 (0 AdverseDrugReaction

----- @ Abdominal_bloating

----- @ Acute_kidney_failure

- () Acute_Kidney_infection
- Allergic_skin_reactions
----- ) Anaphylactic_reaction
----- ) Arthralgia

----- ) Balanitis

- () Blood_abnormalities

- () Blood_disorders

----- () Bone_fracture

----- ) Bullous_pemphigoid

----- ) Chest_pain

- () Constipation

- () Dark_coloured_urine
"""  Dehydration

""" " Developing_slow_heartbeat
----- ) Diabetic_ketoacidosis

« () Disulfiram_like_reaction
----- ) Encephalopathy

----- ) Feeling_cold

""" @ Feeling_dizzy

- () Feeling_tired

- Fournier_gangrene

..... . Gas

----- ) Heart_failure

----- ) Hemolytic_anemia

- (1) Hypersensitivity

- () Hypoglycemia

----- ) Hyponatraemia

----- ) Hypotension

----- @ Kidney_problems

- Lactic_acidosis

- (@ Liver_problem

----- @ Loss_of_appetite

----- @ Nausea

----- @ Oedema

- (I Pancreatitis

- Peripheral_ischemia
----- @ Peripheral_neuropathy
----- @ Rapid_swelling

..... © Rash

- Sepsis

- Severe_hypoglycemia
----- @ Skin_ulcer

----- @ Trouble_breathing

----- ) Stevens_Johnson_syndrome

Asserted -
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Annctations
rdfs:comment
Diarrhea

Description: Diarrhea

Equivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)}}
and {(hasADR_Probability value "Common"})
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group)))
and (hasADR_Probability value "Common"))

General class axioms

SubClass Of (Anonymous Ancestaor)

) hasADR_Description some rdfs:Literal

Instances

@ Diarrhea_1
Target for Key
Disjoint With

Disjoint Union Of



Class hierarchy: Disulfiram_like_reaction 1= M X @ Annotations: Disulfiram_like _reaction
%8| Asserted

Annctations
v-@ t;nrl:Thing rdfs:comment
¥-- (0 AdverseDrugReaction ) . .
. Abdominal_bloating Facial flushing, sensation of warmth

@ Acute_kidney_failure

- (0 Acute_kidney_infection

- Allergic_skin_reactions Description: Disulfiram_like_reaction
-0 Anaphylactic_reaction

-0 Arthralgia Equivalent To

@ Balanitis

- Blood_abnormalities
- Blood_disorders SubClass Of
 Bone_fracture ) AdverseDrugReaction

@ Bullous_pemphigoid

) Chest_pain @ isParticipant_of some

inati (AdverseDrugReaction_Relation
: xnrkstlggm:ed urine and (hasOccurance_in some
© Dehydration (Patient

. and (hasDisease some Type_2_diabetes_mellitus)
: Dhm?izlnféﬁrﬁg:; t and (isPrescribed some Gliclazide_group))}

Diarrhea and (hasADR_Probability value "Common™}))
Disulfiram_like reaction 0 isParticipant_of some
) Encephalopathy {AdverseDrugReaction_Relation
-} Feeling_cold and (hasOccurance_in some
- ) Feeling_dizzy (Patient
- Feeling_tired and (hasDisease some Type_2_diabetes_mellitus)
- Fournier_gangrene and {isPrescribed some Glyburide_group)}}
@ Gas and {hasADR_Probability value "Common"})

- (0 Heart_failure

- () Hemolytic_anemia
- () Hypersensitivity

- Hypoglycemia

) Hyponatraemia SubClass Of (Anonymous Ancestor)

: ﬂ;p:e::j::z:lems ) hasADR_Description some rdfs:Literal
- Lactic_acidosis
- Liver_problem Instances
@ Loss_of_appetite
- Nausea

-} Oedema

) Pancreatitis Target for Key
@ Peripheral_ischemia

@ Peripheral_neuropathy

— i Rapid_swelling Disjoirt With

- Rash

) Sepsis

' Severe_hypoglycemia

@ skin_ulcer

-} Stevens_Johnson_syndrome
----- @ Trouble_breathing

General class axioms

& Facial_flushing_1

Disjoint Union Of
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AL

¥ owl:Thing
e

r-- (0 AdverseDrugReaction

' Abdominal_bloating

) Acute_kidney_failure
@ Acute_kidney_infection
) Allergic_skin_reactions.

 Anaphylactic_reaction
@ Arthralgia
----- ) Balanitis

Blood_abnormalities
@ Blood_disorders
© Bone_fracture

----- ) Bullous_pemphigoid

@ Chest_pain

- Constipation

) Dark_coloured_urine

@ Dehydration

() Developing_slow_heartbeat

(" Diabetic_ketoacidosis
@ Diarrhea

@ Disulfiram_like_reaction

Encephalopathy
) Feeling_cold

@ Feeling_dizzy

@ Feeling_tired

) Fournier_gangrene
. Gas

() Heart_failure

@ Hemolytic_anemia
@ Hypersensitivity

..... . Hypoglyoemia

- Hyponatraemia

) Hypotension

@ Kidney_problems
@ Lactic_acidosis

@ Liver_problem

) Loss_of_appetite

) Peripheral_ischemia
) Peripheral_neuropathy
----- @ Rapid_swelling

@ Severe_hypoglycemia
) Skin_ulcer

) Stevens_Johnson_syndrome
@ Trouble_breathing
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Asserted -

Class hierarchy. Encephalopathy B0

Annotations

rdfs:comment

Encephalopathy is a disease of the brain that severely alters thinking.

Description: Encephalopathy
Eguivalent Ta

SubClass Of

() AdverseDrugReaction
) isParticipant_of some

(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient

and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group}))
and (hasADR_Probability value "Rare"))

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal
Instances

. Encephalopathy_1
Target for Key
Disjoirt With

Disjoirt Union Of



-0 AdverseDrugReaction
- Abdominal_bloating

- (0 Acute_kidney_failure

- () Acute_Kidney_infection
0 Allergic_skin_reactions
@ Anaphylactic_reaction
@ Arthralgia

- (1 Balanitis

- () Blood_abnormalities

- (1 Blood_disorders

- () Bone_fracture

@ Bullous_pemphigoid

) Chest_pain

@ Constipation

- (1 Dark_coloured_urine

- (1 Dehydration

- () Developing_slow_heartbeat
- Diabetic_ketoacidosis
@ Diarrhea

@ Disulfiram_like_reaction
& Encephalopathy

=

- (1 Feeling_dizzy

- (0 Feeling_tired

- (0 Fournier_gangrene

- () Heart_failure

- (1 Hemolytic_anemia

- (1 Hypersensitivity

- () Hypoglycemia

- () Hyponatraemia

- () Hypotension

@ Kidney_problems

- (0 Lactic_acidosis

- () Liver_problem

- (0 Loss_of_appetite

- (1 Nausea

- () Qedema

- () Pancreatitis

) Peripheral_ischemia
- (1 Peripheral_neuropathy
- (1 Rapid_swelling

- Rash

- () Sepsis

- Severe_hypoglycemia
- Skin_ulcer

0 Stevens_Johnson_syndrome
----- ) Trouble_breathing

Asserted w

Giass herarchy Feeing_col EIEDE
%8| B

¥ owl:Thing

Annotations
rdfs:.comment
Feeling cold

Description: Feeling_cold

Equivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group}}}
and {(hasADR_Probability value "Uncommon"))

General class axioms

SubClass Of (Anonymous Ancestor)

() hasADR_Description some rdfs:Literal

Instances

& Feeling_cold_1
Target for Key
Disjoirt With

Disjoirt Union Of
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Ciass herarchy. Fesing dizzy EIES

4L A

¥ owl:Thing

b

v-- ) AdverseDrugReaction

) Abdominal_bloating

- Acute_kidney_failure

- (1 Acute_kidney_infection
- Allergic_skin_reactions
- Anaphylactic_reaction

@ Blood_abnormalities
- Blood_disorders

- Bone_fracture

- Bullous_pemphigoid

- Chest_pain
- Constipation
- Dark_coloured_urine

@ Developing_slow_heartbeat
) Diabetic_ketoacidosis
- Diarrhea

- () Disulfiram_like_reaction
- Encephalopathy

- Feeling_cold

= JIrecling dizzy

@ Feeling_tired
) Fournier_gangrene
. . Gas

- () Heart_failure

- ) Hemolytic_anemia
- {1} Hypersensitivity

- ) Hypoglycemia

- Hyponatraemia
) Hypotension

@ Kidney_problems
@ Lactic_acidosis
- @ Liver_problem

- Loss_of_appetite

- Nausea

- () Oedema
- Pancreatitis

- Peripheral_ischemia
@ Peripheral_neuropathy
@ Rapid_swelling

@ Rash

- Sepsis

- Severe_hypoglycemia

- SKin_ulcer

- ) Stevens_dJohnson_syndrome

- Trouble_breathing

Asserted «
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Annotations
rdfs.comment
Feeling dizzy

Description: Feeling_dizzy

Equivalent To

SubClass Of
@ AdverseDrugReaction

@ isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group)))
and (hasADR_Probability value "Uncommon®})

General class axioms

SubClass Of (Anonymous Ancestor)

@ hasADR_Description some rdfs:Literal

Instances

& reeling_dizzy_1
Target for Key
Digjaint With

Digjoint Union Of



Class hierarchy: Feeling_tired M E = @ Annotations: Feeling_tired

(2L A

¥ owl:Thing

h

r-- (0 AdverseDrugReaction

& Abdominal_bloating

- ) Acute_kidney_failure

- () Acute_Kidney_infection
- (0 Allergic_skin_reactions
- Anaphylactic_reaction

- Arthralgia

- ) Balanitis

) Blood_abnormalities

- () Blood_disorders

- () Bone_fracture

- () Bullous_pemphigoid
-} Chest_pain

- ) Constipation

@ Dark_coloured_urine
@ Dehydration

@ Developing_slow_heartbeat
) Diabetic_ketoacidosis

- ) Diarrhea

- Disulfiram_like_reaction
- Encephalopathy

- Feeling_cold

@ Fournier_gangrene
. Gas

- (1 Heart_failure

- ) Hemolytic_anemia
- ) Hypersensitivity
@ Hypoglycemia

@ Hyponatraemia

@ Hypotension

-} Kidney_problems
-} Lactic_acidosis

- Liver_problem

- Loss_of_appetite

- Peripheral_ischemia

- () Peripheral_neuropathy

- (1 Rapid_swelling

. Rash

-} Sepsis

- Severe_hypoglycemia

@ Skin_ulcer

- ) Stevens_Johnson_syndrome
-0 Trouble_breathing

Asserted «
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Annotations
rdfs:comment
Feeling tired

Description: Feeling_tired

Equivalent To

SubClass Of
) AdverseDrugReaction

() isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group)))
and (hasADR_Probability value "Uncommon™})

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances
@ recling_tired_1

Target for Key
Disjoirt With

Digjoint Union Of



Class hierarchy: Fournier_gangrene ]S == @ Annotations: Fournier_gangrene

%

8+

X

¥ owl Thing
r-- (0 AdverseDrugReaction

b

@ Abdominal_bloating

Acute_Kidney_failure
Acute_kidney_infection
Allergic_skin_reactions
Anaphylactic_reaction
Arthralgia

Balanitis
Blood_abnormalities
Blood_disorders
Bone_fracture
Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired

Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems.
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neurcopathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
Skin_ulcer
Stevens_Johnson_syndrome

) Trouble_breathing

Asserted -

Annotations

rdfs:comment

Fournier's gangrene is a serious infection

Description: Fournier_gangrene

Eguivalent To

SubClass Of

) AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group}}}
and (hasADR_Probability value "Rare"))

) isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Dapagliflozin_group)))
and (hasADR_Probability value "Rare"}))

) isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empagliflozin_group)))
and (hasADR_Probability value "Unknown"}))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Fournier_gangrene_1

Target for Key
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Class hierarchy: Gas 1M =S m % @ Annotations: Gas
%8 | %

¥ & owl:Thing

b

r-- (0 AdverseDrugReaction

@ Abdominal_bloating

@ Acute_kidney_failure
) Acute_kidney_infection
) Allergic_skin_reactions
- (& Anaphylactic_reaction
- Arthralgia

© Balanitis

) Blood_abnormalities
@ Blood_disorders

- Bone_fracture

- Bullous_pemphigoid
@ Chest_pain

" Constipation

@ Dark_coloured_urine
-~ Dehydration

- (1 Developing_slow_heartbeat
- () Diabetic_Kketoacidosis
- Diarrhea

@ Disulfiram_like_reaction
- () Encephalopathy

- Feeling_cold

- (0 Feeling_dizzy

- Feeling_tired

) Fournier_gangrene
"oy

- () Heart_failure

- () Hemolytic_anemia

- () Hypersensitivity

@ Hypoglycemia

- () Hyponatraemia

- ) Hypotension

- (¥ Kidney_problems

- @ Lactic_acidosis

) Liver_problem

- Loss_of_appetite

- () Nausea

- () Oedema

- () Pancreatitis

@ Peripheral_ischemia
) Peripheral_neuropathy
() Rapid_swelling

-~ Rash

- Sepsis

@ Severe_hypoglycemia
) Skin_ulcer

----- ) Trouble_breathing

) Stevens_Johnson_syndrome

Asserted =

Annotations
rdfs:comment
Gas

Description: Gas

Eguivalent To

SubClass Of
) AdverseDrugReaction

0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group)))
and {(hasADR_Probability value "Common"}}

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances

®Gas_1
Target for Key
Disjoint With

Disjoint Union Of
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Class hierarchy: Heart_failure 2] [M= M = W Annotations: Heart_failure
%8| =% Asserted +

¥-- ) owl Thing

Arnotations

-0 AdverseDrugReaction

----- ) Abdominal_bloating

----- @ Acute_kidney_failure

----- ) Acute_kidney_infection
----- @ Allergic_skin_reactions
- (0 Anaphylactic_reaction
@ Arthralgia

 Balanitis

@ Blood_abnormalities

----- ) Blood_disorders

----- ) Bone_fracture

----- ) Bullous_pemphigoid

----- ) Chest_pain

----- @ Constipation

- () Dark_coloured_urine
@ Dehydration

----- ) Developing_slow_heartbeat
----- ) Diabetic_ketoacidosis
----- @ Diarrhea

----- @ Disulfiram_like_reaction
----- " Encephalopathy

- (0 Feeling_cold

@ Feeling_dizzy

) Feeling_tired

) Fournier_gangrene

. Gas

@

- () Hemolytic_anemia

----- ) Hypersensitivity

----- @ Hypoglycemia

- () Hyponatraemia

@ Hypotension

@ Kidney_problems

@ Lactic_acidosis

----- @ Liver_problem

----- © Loss_of_appetite

..... . Nausea

----- @ Dedema

) Pancreatitis

@ Peripheral_ischemia

@ Peripheral_neuropathy
----- ) Rapid_swelling

..... . Rash

----- @ Sepsis

----- @ Severe_hypoglycemia
----- & Skin_ulcer

- ) Stevens_Johnson_syndrome
----- ) Trouble_breathing

rdfs:comment
Heart failure is a weakness of the heart.

Description: Heart_failure

Equivalert To

SubClass Of
) AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Saxagliptin_group))}
and (hasADR_Probability value "Unknown"}}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

@ Heart_failure_1
Target for Key
Disjoint VWith

Disjoint Union Of
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Class hierarchy: Hemolytic_anemia 210 = ® X @ Annotations: Hemolytic_anemia
8. | X

¥ owl:Thing

b

r- (0 AdverseDrugReaction

----- @ Abdominal_bloating

- (0 Acute_kidney_failure

----- @ Acute_kidney_infection
----- © Allergic_skin_reactions
----- " Anaphylactic_reaction
- Arthralgia

- () Balanitis

----- @ Blood_abnormalities

----- @ Blood_disorders

- () Bone_fracture

@ Bullous_pemphigoid

- () Chest_pain

----- () Constipation

----- @ Dark_coloured_urine

- Dehydration

0 Developing_slow_heartbeat
- () Diabetic_ketoacidosis
----- ) Diarrhea

- () Disulfiram_like_reaction
@ Encephalopathy

- () Feeling_cold

----- @ Feeling_dizzy

----- @ Feeling_tired

- () Fournier_gangrene

- () Heart_failure

- @

----- @ Hypersensitivity

- Hypoglycemia

- Hyponatraemia

----- ) Hypotension

""" @ Kidney_problems

----- @ Lactic_acidosis

- Liver_problem

- Loss_of_appetite

----- @ Nausea

----- ) Oedema

- () Pancreatitis

@ Peripheral_ischemia
- () Peripheral_neuropathy
----- ) Rapid_swelling

..... . Rash

- Sepsis

) Severe_hypoglycemia
- (0 SKin_ulcer

----- ) stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted -

Annctations
rdfs:.comment
Hemolytic anemia is when red blood cells are destroyed faster than bt

Description: Hemolytic_anemia

Equivalent To

SubClass Of
() AdverseDrugReaction

0 isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group)}}
and (hasADR_Probability value "Rare"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Hemolytic_anemia_1
Target for Key
Disjoirt With

Digjoirt Union Of
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Class hierarchy: Hypersensitivity ELEEE
*: 8. IR Asserted v

¥ owlThing

Annotations

- AdverseDrugReaction

----- & Abdominal_bloating

----- 0 Acute_kidney_failure
- (0 Acute_kidney_infection
@ Allergic_skin_reactions
----- @ Anaphylactic_reaction
----- @ Arthralgia

----- @ Balanitis

- Blood_abnormalities
@ Blood_disorders

- () Bone_fracture

----- @ Bullous_pemphigoid

----- ) Chest_pain

- (1 Constipation

" Dark_coloured_urine
@ Dehydration
 Developing_slow_heartbeat
----- ) Diabetic_ketoacidosis
----- ' Diarrhea

(" Disulfiram_like_reaction
@ Encephalopathy

) Feeling_cold

----- @ Feeling_dizzy

----- @ Feeling_tired

----- () Fournier_gangrene
-~} Gas

) Heart_failure

- (1 Hemolytic_anemia
@

- Hypoglycemia

- (% Hyponatraemia

@ Hypotension

- Kidney_problems

----- @ Lactic_acidosis

----- @ Liver_problem

- () Loss_of_appetite

0 Dedema

@ Pancreatitis

----- ) Peripheral_ischemia
----- " Peripheral_neuropathy
" Rapid_swelling

----- ) Severe_hypoglycemia

----- @ Skin_ulcer

----- ) Stevens_Johnson_syndrome
----- @ Trouble_breathing

rdfs:comment

Hypersensitivity is an allergic reactions

Description: Hypersensitivity

Equivalent To

SubClass Of
() AdverseDrugReaction

() isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus}
and {isPrescribed some Linagliptin_group)))
and (hasADR_Probability value "Uncommon™))
) isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Saxagliptin_group)}}
and {hasADR_Probability value "Very rare"}}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

. Hypersensitivity_1
Target for Key
Disjoint With

Disjoint Union Of
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Class hierarchy. Hypoglycemia BIEEX
%8| &

¥ owl Thing

k

v (0 AdverseDrugReaction

- Abdominal_bloating

0 Acute_kidney_failure
0 Acute_kidney_infection
) Allergic_skin_reactions
- (1 Anaphylactic_reaction
- Arthralgia

@ Balanitis

) Blood_abnormalities
) Blood_disorders

- () Bone_fracture

- Bullous_pemphigoid

) Chest_pain

() Constipation

@ Dark_coloured_urine

- () Dehydration

- (1 Developing_slow_heartbeat
- (1 Diabetic_ketoacidosis
- Diarrhea
 Disulfiram_like_reaction
- Encephalopathy

- Feeling_cold

- (0 Feeling_dizzy

- () Feeling_tired

) Fournier_gangrene

. Gas

- () Heart_failure

- ) Hemolytic_anemia

- Hypersensitivity
Hypoglycemia

- Hyponatraemia

- () Hypotension

- Kidney_problems

- Lactic_acidosis

) Liver_problem

@ Loss_of_appetite

' Nausea

- () Oedema

- (0 Pancreatitis

@ Peripheral_ischemia
@ Peripheral_neuropathy
) Rapid_swelling

. Rash

- () Sepsis

- () Severe_hypoglycemia

- Skin_ulcer

) Stevens_Johnson_syndrome

----- @ Trouble_breathing

reserted v Annctations

rdfs:comment
Low blood sugar

Description: Hypoglycemia

Eguivalent To

SubClass Of
@ AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Alogliptin_group}}}
and (hasADR_Probability value "Common"}))
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group)}}
and (hasADR_Probability value "Very common"))
@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Dapagliflozin_group)))
and (hasADR_Probability value "Uncommon™))

) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Empagliflozin_group)))
and (hasADR_Probability value "Very common™))
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group)))
and (hasADR_Probability value "Very common™))

il ieDartirinant nf enma
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Class hierarchy: Hyponatraemia 2] = ®[¥ W Annotations: Hyponatraemia
Be X

¥ owlThing

k

7 (0 AdverseDrugReaction

----- @ Abdominal_bloating

----- @ Acute_kidney_failure

- Acute_kidney_infection
) Allergic_skin_reactions
----- @ Anaphylactic_reaction
----- @ Arthralgia

----- @ Balanitis

- Blood_abnormalities
) Blood_disorders

----- @ Bone_fracture

----- @ Bullous_pemphigoid

----- () Chest_pain

- Constipation

) Dark_coloured_urine

----- & Dehydration

----- " Developing_slow_heartbeat
----- ' Diabetic_ketoacidosis
- (0 Diarrhea

) Disulfiram_like_reaction
- (0 Encephalopathy

----- @ Feeling_cold

----- @ Feeling_dizzy

- () Feeling_tired

' Fournier_gangrene

) Heart_failure

----- ) Hemolytic_anemia

----- ) Hypersensitivity

) Hypoglycemia

o

" Hypotension

----- @ Kidney_problems

----- @ Lactic_acidosis

@ Liver_problem

@ Loss_of_appetite

@ Nausea

..... . Oedema

----- " Pancreatitis

----- @ Peripheral_ischemia
- Peripheral_neuropathy
) Rapid_swelling

..... . Rash

..... . Sepsis

----- ) Severe_hypoglycemia
- SKin_ulcer

) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted

Annotations

rdfs:comment
Low sodium level in blood

Description: Hyponatraemia

Equivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group)))
and (hasADR_Probability value "Very rare"})

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances

& Hyponatraemia_1
Target for Key
Disjoirt With

Digjoirt Union Of
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Giass herarchy Fypolensin EIELE
%8| B

¥ owl:Thing

b

r-- 0 AdverseDrugReaction

----- & Abdominal_bloating

----- @ Acute_kidney_failure

- () Acute_Kidney_infection
) Allergic_skin_reactions
@ Anaphylactic_reaction
@ Arthralgia

----- @ Balanitis

----- ) Blood_abnormalities

----- ) Blood_disorders

- (1) Bone_fracture

@ Bullous_pemphigoid

) Chest_pain

@ Constipation

----- & Dark_coloured_urine

----- @ Dehydration

----- ) Developing_slow_heartbeat
- () Diabetic_ketoacidosis

@ Disulfiram_like_reaction
" Encephalopathy

----- @ Feeling_cold

----- @ Feeling_dizzy

----- @ Feeling_tired

- (1 Fournier_gangrene

- () Heart_failure

----- @ Hemolytic_anemia

----- ) Hypersensitivity

----- @ Hypoglycemia

- () Hyponatraemia

- @

@ Kidney_problems

- Lactic_acidosis

----- @ Liver_problem

----- @ Loss_of_appetite

----- @ Nausea

----- @ Oedema

- () Pancreatitis

) Peripheral_ischemia
- (1 Peripheral_neuropathy
----- @ Rapid_swelling

----- ) Rash

..... . Sepsis

----- ' Severe_hypoglycemia
- SKin_ulcer

0 Stevens_Johnson_syndrome
----- ) Trouble_breathing

Asserted «

Annctations

rdfs.comment
Low hlood pressure

Description: Hypotension

Equivalert To

SubClass Of

) AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group)))
and {(hasADR_Probability value "Unknown"))

@ isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Dapagliflozin_group)))
and {hasADR_Probability value "Uncommon”}}
) isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empagliflozin_group}}}
and {(hasADR_Probability value "Unknown"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Hypotension_1

Target for Key

Phimimiad LA b
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Class hierarchy: Kidney_problems 21N H= mE @ Annotations: Kidney_problems

%L e.

X

¥-- 0 owl:Thing
¥ () AdverseDrugReaction

@ Abdominal_bloating
@ Acute_kidney_failure

- (0 Acute_Kidney_infection
- Allergic_skin_reactions

@ Anaphylactic_reaction
@ Arthralgia
@ Balanitis

- (1 Blood_abnormalities
- () Blood_disorders

) Bone_fracture

- (1 Bullous_pemphigoid
- (I Chest_pain

- (I Constipation

- (0 Dark_coloured_urine

@ Dehydration

- (I Developing_slow_heartbeat
- Diabetic_ketoacidosis

@ Diarrhea
Disulfiram_like_reaction
& Encephalopathy

- () Feeling_cold
- Feeling_dizzy

@ Feeling_tired
- (0 Fournier_gangrene

- @ Gas
- () Heart_failure
- () Hemolytic_anemia

) Hypersensitivity
- Hypoglycemia

- (0 Hyponatraemia

) Hypotension

@ Lactic_acidosis
- () Liver_problem

- Loss_of_appetite

- (1 Peripheral_ischemia

- ) Peripheral_neuropathy

" Rapid_swelling

-~ Rash

- () Sepsis

- () Severe_hypoglycemia

- @ Skin_ulcer

@ Stevens_Johnson_syndrome

----- @ Trouble_breathing

Annotations
rdfs:.comment
Kindney problem

Description: Kidney_problems

Equivalent To

SubClass Of
) AdverseDrugReaction

0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Canagliflozin_group}}}
and {hasADR_Probability value "Unknown"}}
) isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {(hasDisease some Type_2_diabetes_mellitus)
and ({isPrescribed some Dapagliflozin_group}})
and (hasADR_Probability value "Rare"))

(0 isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Empagliflozin_group))}
and (hasADR_Probability value "Unknown™"}))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances
@ Kidney_problems_1

Target for Key

i 0 R
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Class hierarchy: Lactic_acidosis 2][01 = 1 %] @ Annotations: Lactic_acidosis

% 8. || B

¥ owl:Thing

b

r-- (0 AdverseDrugReaction

@ Abdominal_bloating
-0 Acute_kidney_failure

- Acute_kidney_infection
- (0 Allergic_skin_reactions
- (% Anaphylactic_reaction
- @ Arthralgia

Balanitis

) Blood_abnormalities

- Blood_disorders

- Bone_fracture

- Bullous_pemphigoid

- Chest_pain

- Constipation
Dark_coloured_urine

Developing_slow_heartbeat
@ Diabetic_ketoacidosis

- (0 Diarrhea

- () Disulfiram_like_reaction

- Encephalopathy
Feeling_cold

Feeling_tired

) Fournier_gangrene

" . Gas

- () Heart_failure

- () Hemolytic_anemia

- () Hypersensitivity

@ Hypoglycemia
Hyponatraemia

) Hypotension

- Kidney_problems

&% JLactic_acidosis]

- Liver_problem

- Loss_of_appetite

- ) Nausea

Oedema

@ Pancreatitis

- @ Peripheral_ischemia
- (0 Peripheral_neuropathy
- () Rapid_swelling

-~ Rash

- () Sepsis
Severe_hypoglycemia

Stevens_Johnson_syndrome
- Trouble_breathing

Asserted «

155

Annotations
rdfs:comment
Lactic acidosis

Description: Lactic_acidosis

Equivalert To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Metformin_group})}
and {hasADR_Probability value "Rare")}

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances
& Lactic_acidosis_1

Target for Key
Disjoint With

Digjoint Union ©f



Class hierarchy: Liver_problem 1M E M @ Annotations: Liver_problem
%R X

¥-- @0 owl:Thing

b

r-- (0 AdverseDrugReaction

----- ) Abdominal_bloating

" Acute_kidney_failure
@ Acute_kidney_infection
@ Allergic_skin_reactions
- Anaphylactic_reaction
- Arthralgia

@ Balanitis

) Blood_abnormalities

) Blood_disorders

-} Bone_fracture

- Bullous_pemphigoid

@ Chest_pain

@ Constipation

" Dark_coloured_urine

- Dehydration

- () Developing_slow_heartbeat
@ Diabetic_ketoacidosis
- Diarrhea

- Disulfiram_like_reaction
- Encephalopathy

- () Feeling_cold

@ Feeling_dizzy

- Feeling_tired

- (0 Fournier_gangrene

. Gas

- Heart_failure

) Hemolytic_anemia

- ) Hypersensitivity

- Hypoglycemia

-} Hyponatraemia

- () Hypotension

@ Kidney_problems

- Lactic_acidosis

-

) Loss_of_appetite

- () Pancreatitis
- Peripheral_ischemia
@ Peripheral_neuropathy

- () Sepsis

- Severe_hypoglycemia

@ Skin_ulcer

@ Stevens_Johnson_syndrome
----- " Trouble_breathing

Asserted v

Annotations

rdfs:comment
Liver problem

Description: Liver_problem

156

Equivalent To

SubClass Of
@ AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Alogliptin_group}}}
and {hasADR_Probability value "Very rare"})
0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasQccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group))}
and {(hasADR_Probability value "Uncommon"}}
@ isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
(Patient
and {(hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)}}
and (hasADR_Probability value "Very rare"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Liver_problem_1
Target for Key

Phimimivd VA bl



Class hierarchy: Loss_of_appetite F1MHE == W Annotations: Loss_of _appetite
8. | X

¥ @ owl:Thing

h

r-- (0 AdverseDrugReaction

- Abdominal_bloating

- (0 Acute_kidney_failure
- @ Acute_kidney_infection
@ Allergic_skin_reactions
- () Anaphylactic_reaction
- (0 Arthralgia
- () Balanitis
- Blood_abnormalities
@ Blood_disorders
- () Bone_fracture
- () Bullous_pemphigoid
- (1 Chest_pain
- Constipation
) Dark_coloured_urine
- Dehydration
- () Developing_slow_heartbeat
- () Diabetic_ketoacidosis
- () Diarrhea
) Disulfiram_like_reaction
- Encephalopathy
- () Feeling_cold
- () Feeling_dizzy
- () Feeling_tired
@ Fournier_gangrene
- Gas
- () Heart_failure
- () Hemolytic_anemia
- () Hypersensitivity
) Hypoglycemia
- Hyponatraemia
- () Hypotension
- () Kidney_problems
- @ Lactic_acidosis
@ Liver_problem
-
- () Nausea
- () Oedema
- Pancreatitis
) Peripheral_ischemia
- () Peripheral_neuropathy
- () Rapid_swelling
. Rash
- Sepsis
@ Severe_hypoglycemia
- Skin_ulcer
-~ Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted «

Annotations
rdfs:comment

Loss of appetite

Description: Loss_of_appetite

Eguivalent To

SubClass Of
) AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group)))
and {hasADR_Probability value "Common"))

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances

. Loss_of appetite_1
Target for Key
Disjoint With

Disjoint Union Of
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(Class hierarchy: Nausea 1M =M™ & @ Annotations: Nausea
%8 X

¥ owl:Thing

b

r- () AdverseDrugReaction

----- @ Abdominal_bloating

@ Acute_Kidney_failure

- Acute_Kidney_infection
----- @ Allergic_skin_reactions
----- @ Anaphylactic_reaction
-~ Arthralgia

- () Balanitis

----- @ Blood_abnormalities

----- @ Blood_disorders

----- ) Bone_fracture

- (1 Bullous_pemphigoid

- (I Chest_pain

----- @ Constipation

----- @ Dark_coloured_urine

- (0 Dehydration

() Developing_slow_heartbeat
- () Diabetic_ketoacidosis
----- @ Diarrhea

- (1 Disulfiram_like_reaction
() Encephalopathy

- Feeling_cold

----- @ Feeling_dizzy

----- @ Feeling_tired

- () Fournier_gangrene

- Gas

----- @ Heart_failure

----- @ Hemolytic_anemia

----- ) Hypersensitivity

- (1) Hypoglycemia

- () Hyponatraemia

----- ) Hypotension

----- ) Kidney_problems

- (I Lactic_acidosis

@ Liver_problem

- Loss_of_appetite

----- @ Oedema

- (I Pancreatitis

@ Peripheral_ischemia
- (0 Peripheral_neuropathy
----- @ Rapid_swelling

- () Severe_hypoglycemia
----- ) Skin_ulcer

----- ) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted «

Annotations

rdfs:comment
Nausea

Description: Nausea

Equivalent To

SubClass Of
 AdverseDrugReaction
) isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)})
and (hasADR_Probability value "Common"}))
0 isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus}
and {isPrescribed some Metformin_group}})
and (hasADR_Probability value "Common™})

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

. Nausea_1
Target for Key
Dizjoirt With

Disjoint Union OFf
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Class hierarchy: Oedema 101 =5 m = @ Annotations: Oedema

%

e+

X

¥ owl:Thing

b

- @

AdverseDrugReaction

& Abdominal_bloating

- () Acute_Kidney_failure
- Acute_kidney_infection

@ Allergic_skin_reactions

- Anaphylactic_reaction
- () Arthralgia

- () Balanitis

- () Blood_abnormalities

) Blood_disorders

- (1 Bone_fracture

- ) Bullous_pemphigoid
- () Chest_pain

- Constipation

) Dark_coloured_urine
@ Dehydration

) Developing_slow_heartbeat
- () Diabetic_ketoacidosis

- () Diarrhea

) Disulfiram_like_reaction

@ Encephalopathy
) Feeling_cold

- Feeling_dizzy
- () Feeling_tired
- Fournier_gangrene

O Gas
@ Heart_failure

- (1 Hemolytic_anemia
- ) Hypersensitivity

- (1 Hypoglycemia

- () Hyponatraemia

@ Hypotension

- (0 Kidney_problems
- {0 Lactic_acidosis
- @ Liver_problem

- @) Loss_of_appetite

- @

- ) Pancreatitis

- Peripheral_ischemia

- () Peripheral_neuropathy

) Rapid_swelling

- Severe_hypoglycemia
- Skin_ulcer
) Stevens_Johnson_syndrome

) Trouble_breathing

Asserted =

Annctations
rdfs:comment
Swelling of the legs

Description: Oedema

Equivalert To

SubClass Of
) AdverseDrugReaction

@ isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group)))
and (hasADR_Probability value "Uncommon"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances
. Oedema_1

Target for Key
Disjoint With

Disjoirt Union Of
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Class hierarchy: Pancreatitis EIIH = W Annotations: Pancreatitis
%8| | X

¥ owl:Thing

k

r-- (0 AdverseDrugReaction

@ Abdominal_bloating

@ Acute_Kidney_failure

- () Acute_Kidney_infection
- Allergic_skin_reactions
- () Anaphylactic_reaction
- Arthralgia

© Balanitis

- (1 Blood_abnormalities

- () Blood_disorders

- () Bone_fracture

- Bullous_pemphigoid
) Chest_pain

- () Constipation

- (1) Dark_coloured_urine

- (1 Dehydration

- () Developing_slow_heartbeat
) Diabetic_ketoacidosis
- () Diarrhea

- Disulfiram_like_reaction
- Encephalopathy

- Feeling_cold

@ Feeling_dizzy

- () Feeling_tired

- Fournier_gangrene

@ Gas

Heart_failure

© Hemolytic_anemia

- (1) Hypersensitivity

- Hypoglycemia

) Hyponatraemia
Hypotension

@ Kidney_problems

- () Lactic_acidosis

- @ Liver_problem

) Loss_of_appetite

- @
- Peripheral_ischemia
@ Peripheral_neuropathy

-~ () Sepsis

- Severe_hypoglycemia

@ Skin_ulcer
Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted ~ Annctations

rdfs:comment
Inflammation of the pancreas

Description: Pancreatitis

Eguivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus}
and (isPrescribed some Alogliptin_group}}))
and (hasADR_Probability value "Uncommon”))

@ isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Canagliflozin_group)))
and (hasADR_Probability value "Rare"))

) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Dapagliflozin_group)}}
and (hasADR_Probability value "Very rare"))
) isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Empagliflozin_group)))
and (hasADR_Probability value "Unknown"))

) isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus}
and (isPrescribed some Linagliptin_group)))
and (hasADR_Probability value "Rare"))

Al ieDartirinant nf cnma
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Class hierarchy: Peripheral_ischemia 2= = =] @ Annotations: Peripheral_ischemia
u [=+ Igi Asserted Annotations

v & owlThing rdfs:comment
V- 0 AdverseDrugReaction

----- ) Abdominal_bloating
----- @ Acute_kidney_failure

""" © Acute_kidney_infection Description: Peripheral_ischemia
) Allergic_skin_reactions =

@ Anaphylactic_reaction

Blocked or narrow blood vessels

' Equivalent To
----- ) Arthralgia
----- ' Balanitis
----- ) Blood_abnormalities SubClass Of
@ Blood_disorders © AdverseDrugReaction

) Bone_fracture

----- ) Bullous_pemphigoid @ isParticipant_of some

..... @ Chest_pain {AdverseDrugReaction_Relation
..... @ Constipation and {(hasOccurance_in some
@ Dark_coloured_urine (Patient ) )
- () Dehydration and (hasDisease some Type_2_diabetes_mellitus)
..... " Developing_slow_heartbeat and (isPrescribed some Canagliflozin_group)))
..... @ Diabetic_ketoacidosis and {(hasADR_Probability value "Unknown"}}
----- ) Diarrhea

@ Disulfiram_like_reaction
) Encephalopathy

General class axioms

----- @ Feeling_cold

----- @ Feeling_dizzy SubClass Of (Anonymous Ancestor)

""" @ Feeling_tired © hasADR_Description some rdfs:Literal
) Fournier_gangrene
O Gas

----- ) Heart_failure Instances

""" & Hemolytic_anemia @ peripheral_ischemia_1

----- @ Hypersensitivity

) Hypoglycemia

-} Hyponatraemia Target for Key
----- ) Hypotension

_____ : g{:fg f{::?:::: s Disjoint With

) Liver_problem

@ Loss_of_appetite Disjoirt Union Of
----- ) Nausea

----- @ Oedema

----- ) Pancreatitis

- (0 Peripheral_neuropathy

''''' " Rapid_swelling

----- @ Rash

----- ) Sepsis

@ Severe_hypoglycemia

) Skin_ulcer

. Stevens_Johnson_syndrome

----- @ Trouble_breathing
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Class hierarchy: Peripheral_neuropathy 7] [ = =[] @ Annotations: Peripheral_neuropathy
+
ti [=+ H Asserted v Annotations

v @ owlThing rdfs:comment
v () AdverseDrugReaction
----- @ Abdominal_bloating
----- ) Acute_kidney_failure
+ @ Acute_kidney_infection Description: Peripheral_neuropathy
@ Allergic_skin_reactions =
) Anaphylactic_reaction Equivalent To
- (0 Arthralgia
----- © Balanitis
----- " Blood_abnormalities SubClass Of
@ Blood_disorders @ AdverseDrugReaction
@ Bone_fracture
- Bullous_pemphigoid

Damage to your peripheral nerves

@ isParticipant_of some

..... @ Chest_pain {AdverseDrugReaction_Relation
..... @ Constipation and (hasOccurance_in some
- (0 Dark_coloured_urine (Patient

@ Dehydration and (hasDisease some Type_2_diabetes_mellitus)

- () Developing_slow_heartbeat and (isPrescribed some Metformin_group))}
----- ) Diabetic ketoacidosis and (hasADR_Probability value "Rare"))

----- @ Diarrhea

..... @ Disulfiram_like_reaction General class axioms

- @ Encephalopathy

- Feeling_cold

..... ) Feeling_dizzy SubClass Of (Anonymous Ancestor)

""" o Feelin_g_ljred ) hasADR_Description some rdfs:Literal
----- " Fournier_gangrene

- ) Gas

- () Heart_failure Instances
----- @ Hemolytic_anemia

----- ) Hypersensitivity
----- @ Hypoglycemia
- () Hyponatraemia Target for Key
) Hypotension

- Kidney_problems

. Peripheral_neuropathy_1

) Lactic_acidosis Disjoint With
----- ) Liver_problem
"""  Loss_of_appetite Disjoint Union Of

- ) Nausea

@ Oedema

- Pancreatitis

----- @ Peripheral_ischemia
----- .

- Rapid_swelling

- Sepsis

----- @ Severe_hypoglycemia

----- ) Skin_ulcer

----- [ ] Stevens_Johnson_syndrome
----- @ Trouble_breathing
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Giass herarchy- Rapd_sweling ENEDE
%e X

¥-- 0 owl:Thing

b

r- (0 AdverseDrugReaction

----- & Abdominal_bloating

----- @ Acute_kidney_failure

- () Acute_Kidney_infection
- (I Allergic_skin_reactions
----- @ Anaphylactic_reaction
----- @ Arthralgia

- () Balanitis

@ Blood_abnormalities

- (1 Blood_disorders

----- ) Bone_fracture

----- @ Bullous_pemphigoid

- (I Chest_pain

@ Constipation

- () Dark_coloured_urine
----- @ Dehydration

- (1 Developing_slow_heartbeat
@ Diabetic_ketoacidosis
- () Diarrhea

-----  Disulfiram_like_reaction
----- @ Encephalopathy

- () Feeling_cold

- (0 Feeling_dizzy

----- @ Feeling_tired

----- @ Fournier_gangrene

- ) Gas

@ Heart_failure

- (1 Hemolytic_anemia

----- ) Hypersensitivity

----- @ Hypoglycemia

- (I Hyponatraemia

@ Hypotension

- @ Kidney_problems

----- @ Lactic_acidosis

- (0 Liver_problem

) Loss_of_appetite

- () Nausea

----- @ Dedema

----- @ Pancreatitis

- (0 Peripheral_ischemia

- (1 Peripheral_neuropathy
----- .

----- @ Rash

- () Sepsis

" Severe_hypoglycemia
(0 Skin_ulcer

----- ) Stevens_Johnson_syndrome
----- @ Trouble_breathing

Asserted =

Annctations
rdfs:comment
Rapid swelling of tissues

Description: Rapid_swelling

Equivalent To

SubClass Of
' AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group))}
and (hasADR_Probability value "Very rare"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Rapid_swelling_1
Target for Key
Disjoint Wwith

Digjoirt Union Of
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Class hierarchy: Rash M= = @ Annotations: Rash
08| = Asserted +

w0 owlThing
Ad DrugReactio
g .v::::limriu:ale:bati:g Skin rash, redness, itching or hives

- (0 Acute_kidney_failure
~ @ Acute_kidney_infection Description: Rash
- () Allergic_skin_reactions

- Anaphylactic_reaction

Annotations

rdfs:comment

Eguivalent To
) Arthralgia
@ Balanitis
- Blood_abnormalities SubClass Of
- () Blood_disorders @ AdverseDrugReaction
- () Bone_fracture ®: o
@ Bullous_pemphigoid isParticipant_of some_ )
@ Chest_pain (AdverseDrugReaction_Relation
@ Constipation and {hasOccurance_in some
- () Dark_coloured_urine (Patient
. i - and (hasDisease some Type_2_diabetes_mellitus)
@ Dehydration ! . diab
- ) Developing_slow_heartbeat and (isPrescribed some Canagliflozin_group)))
- Diabetic ke_toaciaosir. and (hasADR_Probability value "Unknown"))
) Diarrhea ) isParticipant_of some
) Disulfiram_like_reaction {AdverseDrugReaction_Relation
) Encephalopathy and (hasOccurance_in some
- Feeling_cold (Patient
- Feeling_dizzy anid (hasDisease some Type_2_diabetes_mellitus)
- ) Feeling_tired and {isPrescribed some Gliclazide_group)))
- ) Fournier_gangrene and (hasADR_Probability value "Uncommeon™))
@ Gas
- ) Heart_failure I )
- () Hemolytic_anemia eneral class axioms

- (0 Hypersensitivity
- () Hypoglycemia
) Hyponatraemia
i H:ﬁtenr.k)n ) hasADR_Description some rdfs:Literal
) Kidney_problems
- Lactic_acidosis

SubClass Of (Anonymous Ancestor)

I} Instances
- Liver_problem
-} Loss_of_appetite @ Rash_1
Target for Key
- () Pancreatitis
- (% Peripheral_ischemia
- Peripheral_neuropathy Diisjaint With
- () Rapid_swelling
Sepsis Disjoint Union Of

) Severe_hypoglycemia

- 0 Skin_ulcer

- () Stevens_Johnson_syndrome
----- 0 Trouble_breathing
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lass hierarchy: Sepsis 1= M X @ Annotations: Sepsis

+*
tl g-l- Bi Asserted ~ Annotations
v-@ ‘:"'::i”g DrugReactio rdfs:comment
verseDrugReaction . ) .
_____ @ Abdominal_bloating Severe infection that spreads from urinary tract throughout body

----- ) Acute_kidney_failure
----- @ Acute_kidney_infection Description: Sepsis
----- @ Allergic_skin_reactions

Anaphylactic_reaction

Equivalert To
@ Arthralgia
Balanitis
) Blood_abnormalities SubClass Of
----- © Blood_disorders @ AdverseDrugReaction
----- @ Bone_fracture ) o
..... © Bullous_pemphigoid ) isParticipant_of some
Chest_pain {AdverseDrugReaction_Relation
@ Constipation and (hasOccurance_in some
Dark_coloured_urine (Patient _ )
@ Dehydration and (hasDisease some Type_2_diabetes_mellitus)
_____ © Developing_slow_heartbeat and {isPrescribed some Dapaglifiozin_group)})}
_____ @ Diabetic ketoacidosis and (hasADR_Probability value "Very rare"))
----- Diarrhea isParticipant_of some
¢ @ isParticipant_of
Disulfiram_like_reaction {AdverseDrugReaction_Relation
0 Encephalopathy and (hasOccurance_in some
Feeling_cold (Patient
Feeling_di and {hasDisease some Type_2_diabetes_mellitus
@ g_dizzy d (hasDi: T 2_diabet llitus)
----- Feeling_tired and {isPrescril some Empagliflozin_group
® d {isP ibed El liflozi m
----- ) Fournier_gangrene and (hasADR_Probability value "Unknown")}
..... . Gas
Heart_failure )
@ Hemolytic_anemia General class axioms
Hypersensitivity
® Hypoglycemia SubClass Of (Anonymous Ancestor)

----- ' Hyponatraemia
----- @ Hypotension

----- ) Kidney_problems
Lactic_acidosis

) hasADR_Description some rdfs:Literal

-4 Instances
Liver_problem .
Loss_of_appetite . Sepsis_1
----- @ Nausea
""" © Oedema Target for Key
----- ) Pancreatitis
----- ' Peripheral_ischemia

Peripheral_neuropathy Disjoint With

() Rapid_swelling

..... . Rash

..... O m Disjoint Union OFf
----- @ severe_hypoglycemia

----- ) Skin_ulcer

----- ) Stevens_Johnson_syndrome

----- @ Trouble_breathing
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Class hierarchy: Severe_hypoglycemia 1[H == @ Annotations: Severe_hypoglycemia
t: [=+ ]8{ Asserted ~ Annotations

¥ awlThing rifs:comment

v-- (0 AdverseDrugReaction

----- ) Abdominal_bloating

Acute_Kidney_failure

- 8 e ien_tocon
— — ription: Severe h lycemia

----- @ Allergic_skin_reactions D _Ypogly

@ Anaphylactic_reaction Equivalent To

) Arthralgia

Balanitis

) Blood_abnormalities SubClass Of

""" © Biood_disorders @ AdverseDrugReaction

@ Bone_fracture ) .

& Bullous_pemphigoid @ isParticipant_of some

Chest_pain (AdverseDrugReaction_Relation

© Constipation and (hasOccurance_in some

----- ) Dark_coloured_urine (Patient ) _
Dehydration and (hasDisease some Type_2_diabetes_mellitus)

Severe hypoglycemia

© Developing_slow_heartbeat and {isPrescribed some Canagliflozin_group)))
Diabetic ke_toaciaosis and (hasADR_Probability value "Rare"))
----- ) Diarrhea
""" ) Disulfiram_like_reaction General class axioms

Encephalopathy

@ Feeling_cold
----- ) Feeling_dizzy SubClass Of (Anonymous Ancestor)
""" ) Feeling_tired @ hasADR_Description some rdfs:Literal

----- @ Fournier_gangrene

- () Heart_failure Instances

----- ) Hemolytic_anemia )
© Hypersensitivity .Severe_hypoglyoemlaj

) Hypoglycemia

Hyponatraemia Target for Key

- () Hypotension

: Ecr:: f;;zﬁ;: s Digjoint With

) Liver_problem

Loss_of_appetite Disjoirt Urion Of

- () Nausea

----- @ Oedema

) Pancreatitis

) Peripheral_ischemia

Peripheral_neuropathy

- (0 Rapid_swelling

----- @ Rash

Sepsis

°

Skin_ulcer

----- ) Stevens_Johnson_syndrome

----- @ Trouble_breathing
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Class hierarchy: Skin_ulcer M= W X @ Annotations: Skin_ulcer

e

&

@ Anaphylactic_reaction
@ Arthralgia

- () Balanitis

) Blood_abnormalities
@ Blood_disorders

- () Bone_fracture

 Bullous_pemphigoid

- Chest_pain

@ Constipation
@ Dark_coloured_urine

- Dehydration

@ Developing_slow_heartbeat
) Diabetic_ketoacidosis

- () Diarrhea

) Disulfiram_like_reaction

- Encephalopathy

) Feeling_cold
) Feeling_dizzy

- Feeling_tired

@ Fournier_gangrene
@ Gas

- () Heart_failure

) Hemolytic_anemia

- () Hypersensitivity

) Hypoglycemia
() Hyponatraemia

- () Hypotension

@ Kidney_problems

- @ Lactic_acidosis

@ Liver_problem
@ Loss_of_appetite

- Nausea

@ Oedema

- () Pancreatitis

@ Peripheral_ischemia
@ Peripheral_neuropathy

- (0 Rapid_swelling

- ) Sepsis

@ Severe_hypoglycemia

b4 skin_uicer]

- ) Stevens_Johnson_syndrome

@ Trouble_breathing

- Unexplained_fever

@ Unusual_muscle_pain
) Upset_stomach

- {0 Urinary_tract_infection

) Urosepsis
() Vaginal_yeast_infection

Asserted «

Annctations
rdfs:comment
Skin ulcer

Description: Skin_ulcer

Equivalert To

SubClass Of
) AdverseDrugReaction

0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group}))
and (hasADR_Probability value "Common™}}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances
& skin_ulcer_1

Target for Key
Disjoirt With

Disjoirt Union Of
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Class hierarchy: Stevens_Johnson_syndrome [ [MH= == @ Annotations: Stevens_Johnson_syndrome

%

0+ || X

-----  Bullous_pemphigoid

----- ) Chest_pain

----- @ Constipation

----- ) Dark_coloured_urine

----- Dehydration

0 Developing_slow_heartbheat
----- ) Diabetic_ketoacidosis
----- @ Diarrhea

----- ) Disulfiram_like_reaction
----- Encephalopathy

@ Feeling_cold

----- @ Feeling_dizzy

© Feeling_tired

) Fournier_gangrene

) Heart_failure

----- ) Hemolytic_anemia

) Hypersensitivity

@ Hypoglycemia
Hyponatraemia

) Hypotension

----- @ Kidney_problems

@ Lactic_acidosis

@ Liver_problem
Loss_of_appetite

@ Nausea

----- @ Oedema

@ Pancreatitis

) Peripheral_ischemia
Peripheral_neuropathy
) Rapid_swelling

..... @ Rash

----- Sepsis

@ severe_hypoglycemia
Skin_ulcer

O
----- @ Trouble_breathing

----- Unexplained_fever

) Unusual_muscle_pain
Upset_stomach

----- @ Urinary_tract_infection
----- @ Urosepsis

----- Vaginal_yeast_infection
© Vasculitis
Volume_depletion

----- ) Weight_gain

----- ) Widespread_blistering
----- & AdverseDrugReaction_Relation
- (0 Disease

Asserted -

Ann

Description: Stevens_Johnson_syndrome

Equi

otations
rdfs:comment
Serious Skin Reactions

valent To

SubClags Of

Gen

) AdverseDrugReaction

() isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Alogliptin_group)))
and {hasADR_Probability value "Very rare"))

() isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group)))
and {hasADR_Probability value "Very rare"))

) isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)))
and {hasADR_Probability value "Very rare"))

) isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Sitagliptin_group}})
and {(hasADR_Probability value "Rare"}}

eral class axioms

SubClass Of (Anonymous Ancestor)
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Class hierarchy: Trouble_breathing ][ HE ™ @ Annotations: Trouble_breathing

%2 [=

----- @ Bullous_pemphigoid

- () Chest_pain

- () Constipation

@ Dark_coloured_urine
- () Dehydration

- () Developing_slow_heartbeat
- Diabetic_ketoacidosis
- () Diarrhea

) Disulfiram_like_reaction
- () Encephalopathy

- Feeling_cold

- () Feeling_dizzy

- Feeling_tired

() Fournier_gangrene

. Gas

- Heart_failure

- () Hemolytic_anemia

- () Hypersensitivity

@ Hypoglycemia

- () Hyponatraemia

- () Hypotension

- (0 Kidney_problems

- () Lactic_acidosis

) Liver_problem

- () Loss_of_appetite

- () Nausea

- () Oedema

- ) Pancreatitis

) Peripheral_ischemia

- () Peripheral_neuropathy
- () Rapid_swelling

- Rash

-~ ) Sepsis

@ Severe_hypoglycemia
- SKin_ulcer

- () Stevens_Johnson_syndrome
@

- Unexplained_fever

@ Unusual_muscle_pain
- (1 Upset_stomach

- (0 Urinary_tract_infection
- (1 Urosepsis

- () Vaginal_yeast_infection

- (1 Volume_depletion
- () Weight_gain

- () Widespread_blistering

- AdverseDrugReaction_Relation
- () Disease

Asserted -

Annotations
rdfs:comment
Trouble hreathing

Description: Trouble_breathing

169

Equivalent To

SubClass Of
) AdverseDrugReaction

@ isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group)}}
and (hasADR_Probability value "Uncommon”)}

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Trouble_breathing_1
Target for Key
Disjoirt WWith

Disjoirt Union Of



Class hierarchy: Unexplained_fever 21 M= = W Annotations: Unexplained_fever

Ble.

i

 Bullous_pemphigoid
) Chest_pain

) Constipation

) Dark_coloured_urine
Dehydration

' Developing_slow_heartbeat

() Diabetic_ketoacidosis
@ Diarrhea

 Disulfiram_like_reaction

Encephalopathy
) Feeling_cold

@ Feeling_dizzy
Feeling_tired
 Fournier_gangrene
Gas

@ Heart_failure

' Hemolytic_anemia
Hypersensitivity
) Hypoglycemia

) Hyponatraemia

' Hypotension

@ Kidney_problems.
Lactic_acidosis
@ Liver_problem

) Loss_of_appetite
@ Nausea

( Dedema
Pancreatitis

@ Peripheral_ischemia

@ Peripheral_neuropathy

Rapid_swelling

@ Rash

Sepsis

@ Severe_hypoglycemia
@ skin_ulcer

@ Trouble_breathing

L Junexplained_fever
@ Unusual_muscle_pain
0 Upset_stomach

@ Urosepsis

@ vaginal_yeast_infection

@ vasculitis

) Volume_depletion
Weight_gain

" Widespread_blistering

& AdverseDrugReaction_Relation
- () Disease

Stevens_Johnson_syndrome

Urinary_tract_infection

Asserted «

Annotations
rdfs:comment
Unexplained fever

Description: Unexplained_fever

Equivalent To

SubClass Of
) AdverseDrugReaction

() isParticipant_of some
(AdverseDrugReaction_Relation
and {hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group)))
and {(hasADR_Probability value "Uncommon"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances
. Unexplained_fever_1

Target for Key
Disjoint Vvith

Disjoint Union Of
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Class hierarchy: Unusual_muscle_pain 2] M H W %] @ Annotations: Unusual_muscle_pain
+
1‘ [:1. ]Si Asserted ~ Annotations

0 Bullous_pemphigoid rdfs:comment
- @ Chest_pain
- () Constipation
- Dark_coloured_urine

' :De'“':)’;:‘;“ clow heartbeat Description: Unusual_muscle_pain

-} Diabetic_ketoacidosis Equivalent To
- Diarrhea

) Disulfiram_like_reaction

) Encephalopathy SubClass Of

Muscle pain

: Eee:ing_gf)ld ) AdverseDrugReaction
- eelin
- ] reenn:_ﬁg () isParticipant_of some
@ Fournier gangrene {AdverseDrugReaction_Relation
® Gas - and (hasOccurance_in some
) Heart_failure (Patient _ _
- Hemolytic_anemia and {(hasDisease some Type_2_diabetes_mellitus)
= ] Hypersen;iﬁui[]r and (isPrescribed some Metformin_group)))

and (hasADR_Probability value "Uncommon™}))

General class axioms
- Kidney_problems

- Lactic_acidosis

SubClass Of (Anonymous Ancestor)

@ Loss_of _appetite @ hasADR_Description some rdfs:Literal
-~ Nausea

- ) Oedema

- () Pancreatitis Instances

@ Peripheral_ischemia

- (1 Peripheral_neuropathy
- (1 Rapid_swelling

- Rash Target for Key

. Unusual_muscle_pain_1

. :i:’:rﬁé,;muoemu Digjoint VWith
-~ Stevens_Johnson_syndrome

: : 'l:roublle;__h:;atthing Disjoint Union Of
: nexplained_fever

o

- (0 Upset_stomach

- @ Urinary_tract_infection

- (0 Urosepsis

- ) Vaginal_yeast_infection

© vasculitis

- (0 Volume_depletion

-~ Weight_gain

----- ) Widespread_blistering

----- & AdverseDrugReaction_Relation

b0 Disease
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Class hierarchy: Upset_stomach 21N =M W Annotations: Upset_stomach

6. | X

----- () Bullous_pemphigoid
@ Chest_pain

@ Constipation

@ Dark_coloured_urine
- Dehydration

- () Developing_slow_heartbeat
0 Diabetic_ketoacidosis
- () Diarrhea

- (1 Disulfiram_like_reaction
- Encephalopathy

- Feeling_cold

@ Feeling_dizzy

- () Feeling_tired

- Fournier_gangrene
@ Gas

@ Heart_failure

' Hemolytic_anemia

- () Hypersensitivity

- Hypoglycemia

) Hyponatraemia

- () Hypotension

- Kidney_problems

- Lactic_acidosis

- Liver_problem

@ Loss_of_appetite

- Nausea

- Dedema

@ Pancreatitis

@ Peripheral_ischemia
@ Peripheral_neuropathy
- (1 Rapid_swelling

- Severs_hypoglycemia
- @ Skin_ulcer

@ Stevens_Johnson_syndrome
@ Trouble_breathing

@ Unexplained_fever

- ) Unusual_muscle_pain

- (0 Vaginal_yeast_infection
- (0 Vasculitis

- Volume_depletion

' Weight_gain

----- " Widespread_blistering

Asserted w

Arnotations

rdfs:comment
Upset stormach

Description: Upset_stomach

Equivalert To

SubClass Of
@ AdverseDrugReaction
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
(Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Gliclazide_group}))
and {hasADR_Probability value "Very common"}}
0 isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Metformin_group)))
and {(hasADR_Probability value "Common"})

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

’ Upset_stomach_1

’ Target for Key
™ Jupset_stomach

@ Urinary_tract_infection
-~ Urosepsis Disjoirt With

Disjoint Union Of

- &) AdverseDrugReaction_Relation
b {0 Disease
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Class hierarchy: Urinary_tract_infection

8. X

----- @ Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene

Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem

Loss_of appetite
Nausea

Oedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
SKin_ulcer
Stevens_Johnson_syndrome
Trouble_breathing
Unexplained_fever
Unusual_muscle_pain
Upset_stomach
Urosepsis
Vaginal_yeast_infection
Vasculitis
Volume_depletion
Weight_gain

----- ) Widespread_blistering
& AdverseDrugReaction_Relation

~- () Disease

B =0
Asserted -

Annotations: Urinary_tract_infection

Annctations

rdfs:comment
Urinary tractinfection

Description: Urinary_tract_infection

Eguivalent To

SubClass Of

) AdverseDrugReaction

() isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {(hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Canagliflozin_group}))
and (hasADR_Probability value "Common"})

() isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)

and {isPrescribed some Dapagliflozin_group}}}
and (hasADR_Probability value "Common"}))
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empagliflozin_group)))
and (hasADR_Probability value "Common"}))

General class axioms

SubClazs Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& Urinary_tract_infection_1

Target for Key
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Class hierarchy: Urosepsis 1= M X @ Annotations: Urosepsis
%8

&

@ Bullous_pemphigoid
@ Chest_pain

@ Constipation

) Dark_coloured_urine

- () Dehydration
- () Developing_slow_heartbeat

) Diabetic_ketoacidosis

-~ Diarrhea

- () Disulfiram_like_reaction
- Encephalopathy

- () Feeling_cold

© Feeling_dizzy

- Feeling_tired

- () Fournier_gangrene
- () Gas

- Heart_failure

' Hemolytic_anemia

- (0 Hypersensitivity
- ) Hypoglycemia

) Hyponatraemia
@ Hypotension
@ Kidney_problems

- (0 Lactic_acidosis
-0 Liver_problem

@ Loss_of_appetite

- Pancreatitis
- Peripheral_ischemia

@ Peripheral_neuropathy

- (1 Rapid_swelling
- Rash

- () Sepsis

-} Severe_hypoglycemia

@ skin_ulcer

-} Stevens_Johnson_syndrome
- (0 Trouble_breathing
- (0 Unexplained_fever
-0 Unusual_muscle_pain

@ Upset_stomach

- Urinary_tract_infection
-

- () Vaginal_yeast_infection
- ) Vasculitis

@ Volume_depletion

- () Weight_gain

" Widespread_blistering

& AdverseDrugReaction_Relation
- () Disease

Asserted -

Annctations
rdfs:comment
Urosepsis is a severe infection.

Description: Urosepsis

Eguivalent To

SubClass Of
@ AdverseDrugReaction

@ isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Canaglifiozin_group)))
and (hasADR_Probability value "Rare"})

eneral class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

. Urosepsis_1
Target for Key
Disjoirt VWith

Disjoirt Union Of

174



Class hierarchy: Vaginal_yeast_infection Z1 M= M @ Annotations: Vaginal_yeast_infection
e | B
+

----- @ Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration
Developing_slow_heartbeat
Diabetic_ketoacidosis
Diarrhea
Disulfiram_like_reaction
Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Qedema

Pancreatitis
Peripheral_ischemia
Peripheral_neuropathy
Rapid_swelling

Rash

Sepsis
Severe_hypoglycemia
Skin_ulcer
Stevens_Johnson_syndrome
Trouble_breathing
Unexplained_fever
Unusual_muscle_pain
Upset_stomach
Urinary_tract_infection
Urosepsis

Vasculitis
Volume_depletion
Weight_gain

----- Widespread_blistering

- &) AdverseDrugReaction_Relation
+ () Disease

prsserted ~ Annctations

rdfs:comment

Waginal yeast infection

Description: Vaginal_yeast_infection

Eguivalent To

SubClass Of
) AdverseDrugReaction
() isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Canagliflozin_group)))
and (hasADR_Probability value "Very common™))
@ isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Dapagliflozin_group)))
and (hasADR_Probability value "Common™})
@ isParticipant_of some
(AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Empagliflozin_group)))
and (hasADR_Probability value "Common™})

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances
& vaginal_yeast_infection_1

Target for Key

Puimimbid WA R
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Class hierarchy: Vasculitis 2100 = = = W Annotations: Vasculitis
%8|

----- @ Bullous_pemphigoid
- (1 Chest_pain

@ Constipation

- (1 Dark_coloured_urine
- Dehydration

- () Developing_slow_heartbeat
- () Diabetic_ketoacidosis
- Diarrhea

- Disulfiram_like_reaction
@ Encephalopathy

- Feeling_cold

- Feeling_dizzy

- Feeling_tired

- () Fournier_gangrene

- () Gas

- Heart_failure

@ Hemolytic_anemia

) Hypersensitivity

' Hypoglycemia

-} Hyponatraemia

- Hypotension

- Kidney_problems

- ) Lactic_acidosis

@ Liver_problem

@ Loss_of_appetite

() Nausea

- Dedema

- Pancreatitis

- @ Peripheral_ischemia

- Peripheral_neuropathy
) Rapid_swelling

- () Severe_hypoglycemia
- Skin_ulcer

- () Stevens_.Johnson_syndrome
- ) Trouble_breathing

@ Unexplained_fever

@ Unusual_muscle_pain

) Upset_stomach

- Urinary_tract_infection

- () Urosepsis

- () Vaginal_yeast_infection

@

- Volume_depletion

- Weight_gain

----- @ widespread_blistering

& AdverseDrugReaction_Relation

- () Disease

rsserted ~| Annotations

rdfs:comment
Allergic inflammation of blood vessels

Description: Vasculitis

Equivalent To

SubClass Of
0 AdverseDrugReaction
) isParticipant_of some
{AdverseDrugReaction_Relation
and (hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Gliclazide_group)})
and (hasADR_Probability value "Very rare"})

@ isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
(Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Glyburide_group)}}
and {(hasADR_Probability value "Very rare"))

General class axioms

SubClass Of (Anonymous Ancestor)

) hasADR_Description some rdfs:Literal

Instances

& vasculitis_1
Target for Key
Digjoirt With

Digjoint Linion Of
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Class hierarchy: Volume_depletion M= m [ @ Annotations: Volume_depletion
%8 X

----- " Bullous_pemphigoid

@ Chest_pain

- Constipation

----- @ Dark_coloured_urine

----- @ Dehydration

- (I Developing_slow_heartbeat
- Diabetic_ketoacidosis
----- (" Diarrhea

----- ' Disulfiram_like_reaction
-} Encephalopathy

@ Feeling_cold

- Feeling_dizzy

----- @ Feeling_tired

- (0 Fournier_gangrene

- Heart_failure

----- ) Hemolytic_anemia
----- @ Hypersensitivity

- (1 Hypoglycemia

- () Hyponatraemia

----- @ Hypotension

----- ) Kidney_problems

- Lactic_acidosis

@ Liver_problem

- Loss_of_appetite

----- ' Nausea

- Oedema

- Pancreatitis

----- ) Peripheral_ischemia
----- @ Peripheral_neuropathy
- (0 Rapid_swelling

- Sepsis

----- @ Severe_hypoglycemia
----- @ Skin_ulcer

-0 Stevens_Johnson_syndrome
- Trouble_breathing

----- @ Unexplained_fever

----- @ Unusual_muscle_pain
- Upset_stomach

- 0 Urinary_tract_infection
----- @ Urosepsis

----- ) vaginal_yeast_infection
- Vasculitis

o

- () Weight_gain

----- ' Widespread_blistering

- & AdverseDrugReaction_Relation
~- (0 Disease

prsserted v Annotations

rdfs:comment
Wolume depletion {loss of needed fluids from the body, dehydration)

Description: Volume_depletion

Eguivalert To

SubClass Of
@ AdverseDrugReaction

) isParticipant_of some
{AdverseDrugReaction_Relation
and {hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Dapagliflozin_group)))
and {(hasADR_Probability value "Uncommon"}}
@ isParticipant_of some
{AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and {hasDisease some Type_2_diabetes_mellitus)
and {isPrescribed some Empagliflozin_group}}}
anid (hasADR_Probability value "Common™))

General class axioms

SubClass Of (Anonymous Ancestaor)

) hasADR_Description some rdfs:Literal

Instances

. Volume_depletion_1
Target for Key
Disjoint With

Disjoint Union Of
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Giass erarchy- Weight gai EIECE
e

]

Bullous_pemphigoid
Chest_pain
Constipation
Dark_coloured_urine
Dehydration

Developing_slow_heartbeat
Diabetic_ketoacidosis

Diarrhea

Disulfiram_like_reaction

Encephalopathy
Feeling_cold
Feeling_dizzy
Feeling_tired
Fournier_gangrene
Gas

Heart_failure
Hemolytic_anemia
Hypersensitivity
Hypoglycemia
Hyponatraemia
Hypotension
Kidney_problems
Lactic_acidosis
Liver_problem
Loss_of_appetite
Nausea

Oedema
Pancreatitis
Peripheral_ischemia

Peripheral_neuropathy

Rapid_swelling
Rash
Sepsis

Severe_hypoglycemia

Skin_ulcer

Stevens_Johnson_syndrome

Trouble_breathing
Unexplained_fever

Unusual_muscle_pain

Upset_stomach

Urinary_tract_infection

Urosepsis

Vaginal_yeast_infection

Vasculitis
Volume_depletion

) Widespread_blistering
&) AdverseDrugReaction_Relation
- 1) Disease

Asserted w

Annctations
rdfs:comment
Weight gain

Description: Weight_gain

Equivalent To

SubClass Of
) AdverseDrugReaction

) isParticipant_of some
(AdverseDrugReaction_Relation
and {(hasOccurance_in some
{Patient
and (hasDisease some Type_2_diabetes_mellitus)
and (isPrescribed some Glyburide_group)))
and (hasADR_Probability value "Common"))

General class axioms

SubClass Of (Anonymous Ancestor)
) hasADR_Description some rdfs:Literal

Instances
& Weight_gain_1

Target for Key
Disjoint With

Disjoint Union Of
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(Class hierarchy: Widespread_blistering ] [MHE W[ @ Annotations: Widespread_blistering

2 -
L [:"' 38{ rsserted Annotations
""" : Bullous_pemphigoid rdfs:comment
----- Chest_pain " . . . .
----- ) Constipation Widespread blistering or peeling of the skin

----- @ Dark_coloured_urine

@ Dehydration Description: Widespread_blistering
- () Developing_slow_heartbeat =

----- ) Diabetic_ketoacidosis Equivalent To

----- @ Diarrhea

----- " Disulfiram_like_reaction
-} Encephalopathy SubClass OF

: E::::g_goulgy @ AdverseDrugReaction
..... ® Feeling:ﬁred ) isParticipant_of some_ )
{AdverseDrugReaction_Relation

- Fournier_gangrene :
® Gas and {hasOccurance_in some

- Heart_failure (Patient . )

..... @ Hemolytic_anemia and {(hasDisease some Type_2_diabetes_mellitus)
..... P Hypersenr:itiwity and {isPrescribed some Gliclazide_group)))

and {(hasADR_Probability value "Very rare"))

- Hypoglycemia

@ Hyponatraemia
- Hypotension General class axioms

----- ) Kidney_problems

----- ) Lactic_acidosis

- () Liver_problem SubClass Of (Anonymous Ancestor)

b4 Loss_of_appetite [ ] hasADR_Description some rdfs:Literal
- () Nausea
----- @ Oedema
""" @ Pancreatitis Instances

- & Per!pheral_ischemia & Widespread_blistering_1
@ Peripheral_neuropathy

- (1 Rapid_swelling

..... @ Rash Target for Key
----- @ Sepsis

: i&::':r:ﬁlgpoglroemla Disjairt With

- Stevens_Johnson_syndrome

""" & Trouble_breathing Disjoint Union OFf
-} Unexplained_fever

) Unusual_muscle_pain

@ Upset_stomach

- Urinary_tract_infection

----- @ Urosepsis

- Vaginal_yeast_infection

@ Vasculitis

- (I Volume_depletion

-~ Weight_gain

----- o

----- & AdverseDrugReaction_Relation

p-- @) Digease
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