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Abstract

In these last few decades, there has been a significant increase in the average life expectancy due
to improved general living conditions as well as to several advances in the medical field. Contrary
to what happened then, people with chronic conditions live more now, and so it is essential to
ensure their quality of life. Furthermore, in addition to prolonging their life, another goal of med-
ical treatment is to maintain or increase patients’ quality of life. Health Related Quality of Life
(HRQoL) can be defined as the individuals’ perception of their own health status (physical, func-
tional, emotional and social) and the impact of their condition or treatment in their daily life(job,
family, friends). The QVida+ project, based on recent scientific and technological advances in
the HRQoL fields and mobile devices, intends to create an innovative paradigm when it comes
to the assessment and application of HRQoL. The following step to this project and the aim of
the current dissertation was to develop a clinical support system. Such system would gather all
the data collected in previous steps of this project, such as biometric data (e.g., sleep, heart rate
variability)and physical activity( e.g., number of daily steps) collected through smartbands, re-
sponses to self-report questionnaires and clinical data from cancer patients and provide healthcare
professionals with more and better information about their patients. This system goal is to anal-
yse patients’ evolution regarding their health status and HRQoL, as well as consequently assisting
healthcare professionals on future decisions with greater quantity and quality of information. Af-
ter developing this system, a validation process was carried among a convenience sample inside
the university community to mainly understand the usability of the system and some other aspects
such as utility and effectiveness, among others. The results have shown positive feedback of the
system from the participants. However, further validation among the target audience must be done
in the future.

Keywords: Health Related Quality of Life, Clinical Decision Support System, Biometric Data,
Oncology

Areas:
* CCS -> Applied computing-> Health care information systems.
* CCS -> Information systems -> Decision support systems.

* CCS-> Information systems -> Computing platforms
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Chapter 1

Introduction

The perspective of effectively measure Health-Related Quality of Life (HRQoL) is highly desired
by health care professional, in order to accurately describe and assess the impacts of certain ill-
nesses, conditions or treatments in patients daily life and routine [1]. HRQoL is one of the several
variables commonly studied in the field of healthcare research and it includes a wide range of
human experiences, including functioning and subjective response to illness. The most recent
interpretations of HRQOL are based on the World Health Organization’s (WHO) definition of
health as a state of complete physical, mental, and social well-being and not merely the absence
of disease [2]. With this concepts in mind, with this project, we aim to develop a decision support
system who gathers data from several sources, such as self-report questionnaires, biometric data
collected through smartbands and clinical data from cancer patients to help and support health care
professionals in their medical decisions. The present chapter will give an overview of the context
of this project, describe the motivation behind it, which goals it should achieve, and finally, it will

give a summary of its structure.

1.1 Context

This dissertation is inserted in the area of health informatics, which aims to improve health care
through the use of information systems. This dissertation will also be developed within the scope
of the QVida+ research project. The QVida+ research project was developed in a consorcium
formed by the company Optimizer, Centro Algoritmi, from University of Minho and Instituto de
Ciéncias de Vida e da Satide (ICVS) also from University of Minho, and the Artificial Intelligence
and Computer Science Laboratory (LIACC) from University of Porto. This dissertation will be
done in integration with LIACC, which is responsible for the Artificial Intelligence component
of QVida+. LIACC is a laboratory that supports the collaboration of researchers from different
Faculties that work in the fields of Computer Science and Artificial Intelligence. The first overall
objective of the QVida+ project was to create a first prototype of an information system that allows
continuous evaluation of the Quality of Life (QoL) of patients and supports decision making based

on this data. Some steps were already carried out with this purpose, namely with some projects and
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dissertations related with the reliability and efficacy of biometric data gathered through wearable

devices [3].

1.2 Motivation and Objectives

With the extension of life expectancy due to the evolution of medicine along with the crescent
rise of chronic illnesses, significant attention has been focused on exploring the impact of physical
and mental illness on the overall quality of life. Although, there are much literature on this topic,
and many approaches have already been taken in this regard, there is not any approach yet that
enables an accurate and efficient way to assess HRQoL due to the subjective nature of the patient’s
perception of quality of life [4]. Most literature addresses the topic of HRQoL assessment with
questionnaires [5], [6], [7], some merge the questionnaire approaches with the integration of clin-
ical data from patients in an information system [8], and more recently a few pieces of literature
have emerged on HRQoL assessment using biometric data collected with wearable devices [9],
[10]. However, there is still a need for a more complete integration of all these data to better assess
patients’ HRQoL, and that was the aim of the current dissertation. Having this major objective,

with this dissertation, we intended to:

* Integrate all different types of data (clinical, biometric and self-reported) in a clinical deci-

sion support system;

* Find the best approach to display this data so it can add knowledge to health care profes-

sionals;
* Develop the decision support system;
With this clinical decision support system, we aim to:

* Provide healthcare professionals with greater quality and quantity of information about their

patients’ quality of life;

¢ Assist them in future health care decisions;

1.3 Document Structure

Besides this introduction, so far, this dissertation contains 5 more chapters. In chapter 2, it is
presented an overview of the state of the art and related work to HRQoL assessment. In chapter
3, the literature review and related work for decision support systems are explored. In chapter 4,
the problem definition of this project is stated, and all topics related to the development of the
clinical decision support system are referred. In chapter 5, the process of validation of our system
is analysed. Finally, chapter 6 is the conclusions chapter, presenting a summary of the project as

well as project limitations and future work.



Chapter 2

HRQOoL Assessment

2.1 Introduction

In order to clearly understand the following sections, it is important to approach and explore some
key concepts that are referred. The first and central concept of this dissertation is Quality of Life
(QoL). This concept encompasses how individuals measure and evaluate their own well-being in
multiple aspects of their life. Besides physical aspects, these evaluations include one’s emotional
reactions to life events, disposition, sense of life fulfillment and satisfaction with work and per-
sonal relationships [4]. In a more technical way, QoL is often referred as the difference between
one’s expectations and it is current state, in a specific period of time [11]. Thus, and accordingly
to some authors only the individual himself can make this assessment which is dependent of his
current lifestyle, past experiences, expectations, dreams and ambitions for the future.

Another key factor influencing an individual’s quality of life can be it is current health status, and
in this context a more specific concept related to QoL arises which is HRQoL. HRQoL can be re-
ferred as a concept that includes both positive and negative aspects of health, since good health is
not only the absence of disease but also a state of complete physical, mental, and social well-being
[12]. The negative aspects include disease and dysfunctions limitations, while positive aspects
are more related with mental and physical well-being, full functioning, physical fitness, adjust-
ment, and efficiency of both mind and body. Consequently, we can perceive HRQoL as a dynamic
concept that encompasses several factors such as individual’s physical health, physiological state,
independence levels, social relationships and the relationship with their environment. These as-
pects are health related when influenced by illness, injury and treatments [13]. Besides the obvious
importance for the life of the patient, these concepts are of mandatory importance to medical prac-
tice, especially in the measurement of the impact of treatments and diseases, specifically the ones
with a chronic nature. The usual medical assessment is to measure physical indicators to evaluate
the capacity of patients, but these measurements are often poorly correlated with functional capac-
ity in their daily life. Also, the same clinical status can affect different patients in different ways,
sometimes with impressive contrasts in their QOL [9].

Accordingly to the World Health Organization (WHO), HRQoL is a measure that can be quanti-
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Table 2.1: HRQoL Domains

Physical Health | Psychological Social Relationships | Relationship with the Environment
Activities Self-Esteem Sexual Activity Economy
Pain Negative Feelings Social Support Information
Insomnia Body Image Family Means of Transportation
Mobility Thoughts Personal Relationships | Security
Medication Spirituality Services
Dyspnea Positive Feelings Free Time
Psychologial Well-being

fied objectively in several domains according to the Table 2.1. In the last few years, an accurate
HRQoL assessment has been considered a medical goal and much research and literature has risen

within this scope.

2.2 Self-Assessment Questionnaires

Inside the scope of self-assessment questionnaires we can find two main categories: generic ques-
tionnaires that offer an overall summary of HRQoL and specific questionnaires that focus on cer-
tain diseases or patient groups.

General HRQoL assessment instruments have been extensively studied and validated in many
types of patients. Typically, they address general health perceptions of overall well-being, such as
function in the physical, emotional and social domains [2]. The most common examples of this

types of questionnaires are:

* RAND Medical Outcomes Study 36-Item Health Survey (SF-36) [14] is a self-administrated
instrument that takes less than 10 minutes to complete and quantifies HRQoL in multi-item
scales that address different concepts such as: physical function, role limitation because of
physical hurdles, bodily pain, general health perceptions, social function, emotional well-
being, role limitation because of emotional problems, and energy/fatigue. This question-
naire has a portuguese version which besides being adopted to the language is also adopted
to the culture [15]

* Quality of Well-being scale (QWB) [16] that in its original version had 18 item and would
require a trained interviewer, even though newer versions can be self-administrated. This
questionnaire summarizes three aspects of health status (mobility, physical activity, and
social activity) in terms of quality-adjusted life years, quantifying HRQoL as a number that

may range from complete well-being to death.

 Sickness Impact Profile [17] measures the impact of a certain sickness on an individual’s
daily activities and behaviour. This questionnaire is self-administrated and contain 136

items which can take 30 minutes or longer to complete.
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* The Nottingham Health Profile [18] covers six topics that may be affected by a certain illness
or condition: pain, physical mobility, sleep, emotional reactions, energy and social isolation
by using a series of weighted yes or no items. It contains 38 self-administrated item and
is relatively quick to complete. This questionnaire has a portuguese version highly used in

Endometriosis [19].

* Profile of Mood States [20] in its original format has 65 items, however the most common
version is the shortened version with 35 items [21]. It is a self-administrated questionnaire
to measure mental health. This questionnaire measures six main categories: anxiety, de-
pression, anger, vigor, fatigue and confusion. The short version of this questionnaire also

presents a portuguese version [22].

* World Health Organization Quality of Life - Brief (WHOQOL-BREF) [23] covers four
mains domains: physical, psychological, social and environment with a set of 26 items that
can be self-administrated. The answers to this questionnaire use a 5-point Likert scale,
inquiring "how much’, "how satisfied’, or ’how completely’ the patient feels towards the
domain being investigated. The WHOQOL-BREF was validated among people with type 2
diabetes and got good to excellent psychometric properties of reliability and validity. There
is a WHOQOL version adapted to the portuguese universe validated among elderly popula-
tion [24] .

* The European Quality of Life (EuroQoL) [25] is a self-administered scale used to assess
5 domains: mobility, self-care, role or activity, family and leisure activities, and pain and
mood. The patient answers the questionnaire by ticking the statement that best describes his
sense of current state of health. In the end, the patient also rates their health on the EuroQol
thermometer which is a scale from 0-100 (worst imaginable health state to best imaginable
health state). This questionnaire performed very well in this scope and was pointed out to

be simple to use. A portuguese validated version was already developed [26] .

When it comes to disease specific HRQoL questionnaires, they focus on an area of interest,
and it may be specific to a disease, to a specific group of patients or to a certain malfunction or
problem. These disease-specific instruments assess a specif domain in order to measure respon-
siveness to certain treatments or other clinical actions [13]. Because of cancer’s well-documented
impact of their malignancies and treatments, quality of life specific to cancer patients has been
largely investigated. There have been several questionnaires developed and tested that measure
the impact of cancer and even specific types of cancer on patients’ daily life. These instruments
are particularly relevant to decide about medical practices, such as the choice of treatment or
surgery, etc. Some examples of these questionnaires, validated and tested in patients with several

types of cancer, are:

* European Organization for the Research and Treatment of Cancer Quality of Life Ques-
tionnaire (EORTC QLQ-C30) [27] is a cancer specific questionnaire designed to measure
cancer-specific HRQoL. It is composed of 30 items that address several domains that are
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common to all types of cancer patients such as functional scales (physical, role, emotional,
cognitive functioning, and social functioning), a global health scale, symptom scales (fa-
tigue, nausea/vomiting, and pain) and some items concerning dyspnea, insomnia, appetite
loss, constipation, diarrhea, and financial difficulties related to the disease/treatment [2].
This instrument presents a validated portuguese version [5]. Apart from this questionnaire
who assesses the impact of cancer in a more generic way, some disease-specific modules
were developed as well, according to methodologically rigorous techniques. Some of these
extra modules are: breast cancer [28], lung cancer [29], prostate cancer [30] and head and

neck cancer [31].

* Functional Assessment of Cancer Therapy (FACT) [6] is a 28 item, self-administrated ques-
tionnaire with two-parts, that includes a general item set suitable to all types of cancer
patients - FACT-G (Functional Assessment of Cancer Therapy - General) and one of several
item sets regarding specific cancers. Each item is a statement in which the patient agrees or
disagrees within a 5 point range. This questionnaires addresses areas such as: physical, fam-
ily/social, emotional, and functional. Disease specific modules are available for colorectal

[32], breast [33], prostate [34], ovary [35], lymphoma [36], among others.

» Cancer Rehabilitation Evaluation System (CARES)[7] is composed by 59 items. It is a self-
administrated questionnaires and addresses cancer-related quality of life with 5 multi-item
scales: physical, psychosocial, medical interaction, marital interaction and sexual function.

CARES has been validated in patients with different tumors, including urological tumor.

» UCLA Prostate Cancer Index [37] is a 20-item questionnaire that addresses disease-specific
HRQoL in domains such as urinary, sexual, bowel function, bother, etc. It has been validated

to assess disease-targeted HRQoL in men treated for early-stage prostate cancer.

General HRQoL aspects and disease specific aspects are correlated and may impact each other.
This interaction must be considered when interpreting the results. Despite the apparent need and
benefits that this type of HRQoL assessment brings to chronic patients, there are still several
limitations related to its use in healthcare, which translates into a still very low adoption of this
method. The first limitation concerns the difficulty of health care professionals to understand the
meaning of an individual’s score or even how to interpret a change in the score [4]. Another lim-
itation lies in the fact that several patients don’t have the skills or physical capabilities to fill such
questionnaires, for instance patients who have already lost some of their body or brain functions
such as their long term memory, their ability to focus or to write, due to their conditions. Another
problem with these methods is the preclusion of conducting such assessments on a daily basis or
at least in a frequent base. These questionnaires are often only administrated when patients go to
their health units, which is as few times as possible to avoid negative impact on patients caused
by frequents trips to these places which can, sometimes, be far away from their residences. One
way to overpass the latter limitation have been the online questionnaires that can be answered at

home, but in that case another issue arises, which is the lack of feedback existent by the system
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which leads to a loss of interest and motivation by the patient to interact with the system. The last
limitation found, is the large extension of some of these questionnaires that can lead to patients

saturation and a consequent loss of reliability in their answers [1].

2.3 Biometric Monitoring to Assess HRQoL

The most common way to assess HRQoL is through self-assessment questionnaires. However
this assessment lacks the accurate assessment of objective components that can be done more
accurately through devices in a non-intrusive way. These objective components are related to clin-
ical indicators that measure key variables to the patients performance towards their daily tasks.
Thus, to obtain a more complete and appropriate assessment of HRQoL, both objective function-
ing and subjective well being must be taken into consideration. [10]. With the rise of health
and fitness conscious, some interesting technology has emerged in that scope, such as fitness
watches, smart bands or smartphone-powered fitness applications. These instruments are becom-
ing more robust and complex which makes them very popular among the fitness and health culture
[38].Acknowledging these concepts, the idea of using such technological devices integrated in a
system, that provided biofeedback in real-time in a non-obtrusive way, both to patients and to the
health care professionals, emerged [10]. In addition, patients being under the notion that they
are constantly being monitored might make them feel more secure and consequently less stressed
about their condition, which can lead to a more positive outcome [38]. The physiological data

gathered from these methods can be:

¢ Electrodermal Activity (EDA) is measured in the form of skin conductance. Some of
the glands responsible to fluctuate the EDA respond to psychological changes [39] which
translates into a close relationship between the EDA measured and one’s emotional state,

arousal, stress, among others.

* Electrocardiograph (ECG) measures that are related with heart rate (HR) and therefore
heart rate variability (HRV) and inter-beat interval (IBI). From the HRV we can infer even
more measures such as the root mean square of successive differences between normal heart-
beats (RMSSD), which is obtained by first calculating each successive time difference be-
tween heartbeats in milliseconds (ms) , and the the standard deviation of the IBI of normal
sinus beats (SDNN) also measured in ms. Then, each of the values is squared, and the result
is averaged before the square root of the total is obtained. These measures can be intimately
related to fatigue, stress, arousal, anxiety, among others. The before-mentioned variables,
specially when combined with other cardiac metrics such as blood pressure (BP), can be
very helpful to identify positive and negative emotional states and even some pathologies
related to cardiac health [40].

* Electromyography (EMG) measures muscle activity and tension. It may be related with

pain, anxiety disorders, muscle retraining after injuries, incontinence, among others [41].
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* Breathing patterns which consist in the measurement of the volume of air contained in
an individual’s lungs [38]. This biofeedback technique is relevant given the correlation
of this variable to wide variety of disorders, including asthma, cardiovascular disorders,

hypertension, anxiety, duodenal ulcers, among others [42].

* Electroencephalography (EEG) also called neurofeedback, measures brain waves. These
metrics may be used to treat conditions related with trauma, anxiety, insomnia, pain and

several conditions related with mental disorders [41].

* Thermal biofeedback which consists in the measurement of body temperature with high
sensitive sensors [43]. This biomaker may present specific values when an individual is in a
situation of mental exertion, worrying, psychosocial stress, anxiety, among others. Temper-

ature biofeedback has also shown correlation with sleeping patterns [44].

* Number of Steps and distance which are measured through step counters or pedometers
and can be relevant to link the relationship between health and physical activity. This metric
helps to categorize people into more or less active, can perform as very motivational and

even induce better habits [45].

* Pulse Oximetry is a method for monitoring a person’s oxygen saturation. This metric is
particularly important to get biofeedback from patients suffering with conditions related to

asthma, pneumonia, lung cancer, anemia, heart attack, heart failure among others [46].

* Sleeping Patterns which can be more accurately measured through polysomnography or
actigraphy. These techniques rely in some physiologic parameters discussed before such
as: brain dynamics with electroencephalography, muscle activity with Electromyography,
heart physiology, respiratory function and even eye movement. Some of the most common
sleep measures used to understand sleep patterns are sleep duration, sleep efficiency, num-
ber of times a person wakes up during sleep time, calories burnt during this period, etc.
These metrics are particularly relevant in measuring HRQoL given that sleep disturbances

are common in critically ill patients and they contribute to patient morbidity [47].

In order to achieve results that accurately translate the HRQoL of patients, the choice of the
wearable device and consequently the variables to be measured must be taken into consideration.
These wearable devices can be divided into two categories: Consumer Devices and Medical De-
vices. In the scope of this dissertation, both devices present features that would add value to the
final project such as the focus on being everyday usable, the unobtrusiveness and battery life of
the consumer devices and the high precision, research level quality readings and accuracy of the
medical ones [38]. Medical Devices offer advanced systems for physiologic research with sensors
that measure most biometric variables like EDA, ECG, EMG, breathing patterns from which its
possible to infer a set of secondary variables. These devices present high quality materials, read-
ings and software to present and analyse the data. However, in terms of weight and size there

aren’t many differences among them, being in general much heavier and larger then the consumer
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devices. Their prices can be 40 times the time of non medical devices. The Consumer Devices, un-
like medical devices, focus essentially on ludic activities, such as hiking, fitness tracking, calories
counting, biofeedback videogames, etc. They are increasingly becoming smaller, lighter, more un-
obtrusive, more robust, more complex and more autonomous. Some of the most popular consumer

devices in the market are [38]:

* Feel Emotional Wristband [48] from Feel is able to measure movement and activity, HRV,
EDA and body temperature. After gathering the data, Feel uses Advanced Artificial Intelli-
gence (Al) such as machine and deep learning methods, and signal processing algorithms to
analyze vital signs and identify effective patterns that are presented to the users in the form
of daily report through the Feel App. This service is especially related to the control and
understanding of one’s emotions, and is particularly used by people suffering from mental

health disorders. The most basic version of this wristband is retailed from 130€.

» Zenta Wristband by Vinaya [49] is able to measure skin temperature, physical activity, EDA,
HRY, blood oxygen saturation and even noise, from which when combined to other variables
can also identify sleep patterns. This system uses a a set of machine learning methods that
are able to identify patterns related to one’s anxiety, well-being, movement, among others,
and understand how those affect one’s mood. The integration of this system to a smartphone
is easy, and it keeps the user informed with alerts and notifications about its mental and

physical state. The most basic version of this wristband is retailed from 132€.

* Microsoft Band 2 [50] measures HR and HRV, movement and activity through a GPS sys-
tem, calories burn, sleep quality and quantity, O2 levels and body temperature. It also
includes ambient light sensors, a gyroscope and accelerometer, a UV sensor, a barometer,
a microphone, and it is waterproof. It is embedded with technology from Microsoft Health
which gives a proper visualization, data processing methods and actionable insights based
on one’s data. The system can be easily integrated with any smartphone on the market and it
can easily connect through them with Bluetooth mechanisms. Despite having been discon-
tinued, it is still possible to find them for sale within a range price of 55€ to 85€ depending
on their size. Inside the scope of the consumer devices, this solution is one of the most

complete and research-focused solution .

* Jawbone UP3 [51] measures oxygen levels, EDA, body temperature, HR and HRV and it
can infer respiration and sleeping patterns. It also includes fitness tracking, regarding caloric
intake and physical activity as well as sleep patterns, sleep quality and physical activity.
However, it does not provide an integration API to access the data in real-time. It retails
from 22€.

» Apple Watch [52] which is already in its fifth series of watches, retails from 240€ to 460€
depending on the version and the type of customization required. The latest versions are
become more health oriented and include several heart health tools such as HRV, HR, BP,

among others, several ECG tools, a built-in compass, respiration patterns measurements
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through photoplethysmographic measurement, GPS tracking, an accelerometer, and it has
all international emergency numbers on speed dial, which the watch may use when detecting
some irregularity such as a fall. Within an Apple ecosystem is probably on of the most
promising devices. It enables an API called watchOS [53] for the development of apps to
integrate in the watch and it supports the integration with some specific health applications.
However the lack of integration with other operative systems and APIs outside the scope of

Apple systems makes it very limited.

* Galaxy Watch [54] by Samsung has already two models and retails from 309€. This device
can count steps, number of floors climbed, measure HR and HRYV, identify sleeping patterns
and identify stress levels according to the breathing sensors. It also provides tools to manage
one’s weight and it records calories, water and caffeine intakes. The Galaxy Watch already
offers several Samsung Health applications with the possibility of customization. Similarly
to what happened with Apple, Samsung provides an API [55] for developers to built their

own watch applications and integrate them in their Galaxy Watch.

* WearOS [56] by Google is an API for developers, free of charge, to built their own watch
application and integrate them in most Android based smartwatches in the market like the
Fossil Sport [57] or Huawei Watches [58]. This is not the conventional type of system,
however the possibility of choosing the watch that better suits the user, regarding its sensors,
integrated with a customized application that suits the user’s purpose makes this solution

interesting for research purposes.

e BITalino [59] which retails from 130€ to 180€ and it is a set of hardware and software tools
designed for developers, engineers and technology lovers to build their own gadgets or soft-
ware applications. It offers mechanisms to perform ECG, EDA, EMG, EEG and movement
and activity measurements. Thermal biofeedback can easily be integrated through the set
of software tools BITalino offers. The platform also provides a complete software platform
(Open Signals) to visualize, analyse and process data in real-time. This solution requires
some extra work regarding the construction of the device and its software but its the most

versatile and customized to users’ needs.

In the scope of the Qvida+ project, a study to assess HRQoL through biometric monitoring
was already conducted [10]. This study focused on cancer patients with lymphoma, from whom
it was collected biometric data related to their sleep, hrv and physical activity. In order to under-
stand which type of device would better suit the project, some variables were analysed such as
features, signal processing, precision, sensor reliability, intrusiveness, practicality and cost. When
considered all points, Microsoft Band 2, according to a review [38] of all devices done before
the referred project, seemed the most complete solution regarding its cost-effectiveness analyses.
These patients wore this device during one or two weeks at pretreatment, and during two consec-

utive weeks at first, third and sixth chemotherapy cycle. At the end of each week they answered
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a HRQoL self-assessment questionnaire, the FACT-Lym. This study focused in finding and eval-
uating possible relationships between self-perceived HRQoL and in physiological data in terms
of HRV metrics once HRV can be valuable in understanding pathological conditions in an indi-
vidual’s well-being. The results of this study have shown similar patterns in the FACT-G total
score and in the parameters evaluated through the biometric data collected. In specific, the FACT
domains and the HRV metrics have the lowest average levels on the first cycle and tend to increase
along the following cycles. These results seem to be in concordance with the literature found in
chemotherapy treatments on these conditions, which point out that individuals under such treat-
ments are more severely affected in the first cycle. Given the good results obtained in this study,
the biometric data variables used to assess HRQoL in the current dissertation were the same as the

ones in this study.
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Chapter 3

Clinical Decision Support Systems

3.1 Decision Support Systems in Healthcare

In the last decade, some institutions in the medicine field have been acknowledging some issues
related to the quality of health care and advocate the use of clinical decision support (CDS) system
to support most clinical actions, providing more efficiency and speed to all health care services [1].
A CDS system can be defined as any electronic system designed to directly aid clinical decision
making by utilizing individual patients characteristics to generate patient-specific assessments or
recommendations [60].

These systems provide healthcare professionals and patients, a set of tools to build knowledge
and understand person-specific information. This information should be filtered, analysed and
presented in an appropriate way that may help to enhance health and health care.

CDS systems may present a variety of tools to enhance decision-making in the clinical workflow.
These tools include computerized alerts and reminders to care providers and patients, clinical
protocols, patients clinical data, documentation templates, diagnostic support, relevant references
to information within the context, among others [61].

Some particularly good examples that illustrate the good results obtained through decision support

systems are:

* LISA (Leukaemia Intervention Scheduling and Advice) project [62] which is a web-based
decision-support system for trial management of childhood acute lymphoblastic leukaemia.
In this type of condition, continuous chemotherapy is a key component of the treatment.
During this process, there are several decisions that must be taken weekly, regarding the
doses administrated to the patients. The choice of theses dosages is not trivial, specially if
the patient’s data is not readily available, or the professional is not much experienced. LISA
was designed to facilitate this process, whether by presenting the patients data in real-time
or by helping the professionals making decisions, according to the protocol used in such
processes. However, the system doesn’t prevent healthcare professionals from not follow-

ing what was advised by the system, if they decide so. After testing the system with several

13



14 Clinical Decision Support Systems

professionals with different levels of expertise, results showed that LISA reduced signifi-
cantly the number of erroneous prescriptions, while reducing the time taken by novices to
reach a decision for each case.However, the system increased the time taken by experts to
reach a decision. The majority of the professionals said they would use the system if it was

available. Fig 3.1 presents Lisa’s interface.
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Figure 3.1: Lisa’s interface

* A Multi-parametric Decision Support System for the Prediction of Oral Cancer Reoccur-

rence [63]. Oral squamous cell carcinoma is the most predominant neoplasm of the head
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and neck region, which can produce very aggressive and unpleasant outcomes for the pa-
tients suffering from the condition. In this project, a CDS system was formulated to integrate
several types of data such as clinical, imaging and genomic data from patients. The primary
purpose was to identify the factors that influenced the progression of this condition and then
predict its potential relapses. To test the system, data from 41 patients was analysed. This
approach presented an accuracy of 100 per cent when predicting relapses for this disease,
either between patients with and without disease reoccurrence. The identification of these
factors, towards the proliferation of oral squamous cell carcinoma, facilitates its treatment

and may be crucial to prevent its progression or future recurrences.

However, despite increasing emphasis on CDS systems and in its role in improving healthcare
processes, there is still few evidence supporting widespread use. Most studies conducted in that
regard, conclude that CDS systems are effective at improving healthcare workflow, however evi-
dences on economic, workload, and efficiency outcomes remains limited [64]; [60] . Some of the

reason of why CDS systems aren’t yet disseminated through hospitals, clinics and health units are:

* lack of information and knowledge from health care professionals towards the benefits of
CDS systems;

* lack of acceptance by health care professionals;

* high-priced systems, which is not in concordance with the level of priority acknowledged

by healthcare providers towards the systems;

* lack of integration with other computer platforms, which implies a lot of work to introduce

detailed information about patients in the system;
* lack of robust computer networks in most health units;
¢ lack of skilled human resources to create and maintain the databases for such systems;

* reduced ability to share knowledge and guidelines between systems.

3.2 Decision Support Systems and HRQoL

The aim of CDS systems to measure and manage HRQoL is to provide both to healthcare profes-
sionals and to patients themselves a set of tools to measure, on a daily basis, patients’ quality of
life without interfering with the normal functioning of the health units and patients’ normal rou-
tine. These systems are intended to convert tacit knowledge into explicit knowledge, producing
reports and guidelines for each patient’s health problems. However, such task is not trivial, given
the ambiguity and the variability of how each person feels towards a certain variable, making it
hard to assess accurately certain factors that may influence HRQoL. This lack of linearity, adds
considerable difficulty in computerizing such behaviours. In terms of functionalities, some of the

tools that must be considered to integrate in these systems should be: accurate metrics to represent
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the patient’s quality of life and evolution in real-time, evaluation of health gains, assess the impact
of the consequences of the disease, treatment and medication, use of data mining processes to
categorize and compare patients within a certain type of disease or treatment, provide statistical
analysis related with survival factors, quality of life, health status across time for a specific condi-

tion or treatment, etc, and finally the addition of health, survival and quality of life predictions.

There is not much literature in this regard, and very few projects were done in this scope,
however there is one that deserves mentioning which is QoLiS-Quality of Life Platform [65] im-
plemented in the Portuguese Institute of Oncology in Porto. This project recorded the answers
of the patients to HRQoL questionnaires (QLQ-C30 and QLQ-HN35) and combined these results
with the patients clinical data, which could be migrated from the existent platform in use in this
institution. Then the system could predict, in real-time, the HRQoL of the patients. In technical
ways, this process was achieved through a On-Line Transaction Processing approach which allows
the consolidation of the information of different databases on different technologies from different
isolated platforms. To perform this approach, several modules were created in order to process,
extract and analyse the data, with a different set of tools of statistics and data mining algorithms.
In terms of used technologies, the mobile modules were developed in ADF Mobile, the front-end
model was developed in Oracle ADF and the database was developed with Oracle12C. The inter-
face layer presented to the client was developed in HTMLS. The statistical and clinical reports
were achieved using Java and JasperReports. Regarding the server, two technologies were used:
Weblogic for pages related to clinical management, and Glassfish for reports from modules that
could be combined with other applications. The webpages were developed on JavaScript, with
applets responsible for the communication with the client and CSS modules responsible for the
graphic style of the application. The software was written in Java, and some SQL data manipula-
tion was embedded in Java code in the business layer which contained the rules for accessing the
server. The strategies considered for this project were the use of the Rasch Model which relies
on the model of item response theory (IRT) used to perform analysis of questionnaires or other
instruments used to measure variables. According to this model, the statistics are independent of
the items of the test, the results of the respondents are independent of the difficulty of the test, the
analysis of the item takes into account level of knowledge of respondents, the analysis of the ques-
tionnaires doesn’t require additional test to verify the trust and the statistics of the items and the
ability of the respondents are analysed on the same scale. The IRT models usually use a logistic
function to link the observed variables to the actual characteristics. Apart from this relationship,
Rasch created a mathematical expression that takes into consideration other parameters such as
probability of success, the ability of the respondent and the difficulty of the item, assigning a
probability of success on the answer to a question regarding efficiency of the respondent and dif-
ficulty of the item. The information gathered through the questionnaires and the results obtained
through this model consisted in the dependent variable to be later used in the algorithms chosen.
Regarding these dependent variables, 18 aspects related to the patients clinical data were pointed
out such as education level, marital status, years of smoking, local metastasis, etc. Regarding

the classification of the data, the oncology institution physicians chose a friendly way to present
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data: bad quality of life, normal quality of life and good quality of life. After performing several
data mining techniques to the data to check errors, multicollinearity, among others, several algo-
rithms were tested to compare how the several variables previously mentioned can relate to the

classifications pointed out by the physicians. The algorithms used were:

* K-Nearest Neighbor is a non-parametric method used for classification problems, and it

classifies the input value according to the classification of the closest value found [66].

* Naives Bayes algorithm applies the Bayes theorem which describes the probability of an
event, based on prior knowledge of conditions that might be related to the event [67].

* Decision Tree builds classification in the form of a tree structure. It turns a dataset into
smaller and smaller subsets while at the same time an associated decision tree is incremen-
tally developed. The final result is a tree with decision nodes and leaf nodes. The topmost
decision node in a tree corresponds to the best predictor called root node. This structure

provides an easier way to understand and process data [68].

* W-SMO algorithm is a method of decomposition, by which an optimization problem of
multiple variables is decomposed into a series of sub problems each optimizing an objective
function of a small number of variables, while all the other variables are treated as constants

that remain unchanged in the sub problem [69].

In Fig 3.2 it is presented the interface of this CDS system, where it is visible the presence of
modules such as patients information, appointments, questionnaires, clinical data, QOL reports

and messages/notes.
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Figure 3.2: QoLiS’ interface



Chapter 4

Project Implementation

In this chapter will be presented all sections regarding the system implementation, starting by the
definition of the problem and specification of the requirements of the system. After this, a section
about the development technologies will be presented as well as its relational model. Finally, the

use cases, functionalities and interface of our system will be explained.

4.1 Problem Definition

As it was mentioned in previous chapters, this project intends to be innovative in the field of CDS
systems and in the assessment of HRQoL. The purpose of this CDS is to constitute an helpful tool
for health care professionals, whether for them to be better informed about the health status of
their patients, or to help them in decision making related to future treatment directions, or even
treatment interruptions in the oncology panorama. This CDS system will integrate patients’ data
from 3 different sources: their clinical data, biometric data collected through a smartband and
patients answers to HRQoL assessment questionnaires. The purpose of this would be to present
healthcare professionals with an accurate HRQoL assessment regarding patients’ self-percepted
HRQoL, but also taking into account a more objective component such as their own physical and
physiological functioning. The proposed architecture for this project is presented in Fig 4.1.

As already mentioned in chapter 2, the QVida+ project [10] had already gathered some data
in previous steps of its development. This project accompanied lymphoma patients before, during
and after their chemotherapy cycles, where it was gathered patients clinical data, biometric data
through a smartband during two weeks for each participation moment, and answers from HRQoL
questionnaires in different stages of their treatments. Although, it was not possible to access that
data during the development of the current project due to bureaucratic constraints and to the current
pandemic situation, our goal was always to integrate that data in our CDS, so all the data and data
variables that our CDS requests and presents were created to host all these QVida+ data gathered
before. The goal was to make our CDS completely ready to be populated by these data. That
said, all of the data present in the system at the time of the delivery of this project is fictional and

illustrative.
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Figure 4.1: Proposed Architecture for CDS system

* The clinical data gathered in previous steps of the QVida+ project includes:

the chemotherapy plan for each patient, how many cycles were performed, and the

initial and final dates of the cycles.

their weight, height and body mass index (BMI).

if the patient is a smoker or not and the amount of packs of cigarettes per year if so.
their usual medication.

their personal and family clinical history.

their ECOG [70] score.

biopsy and immunophenotyping results.

Positron Emission Tomography (PET) and Computed Tomography (CT) Scan results
in a diagnose stage and after the third cycle of chemotherapy.

Ann Arbour staging, International Prognostic Index (IPI), hemoglobin levels, Lactate

dehydrogenase (LDH) levels and microglobulin levels.
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— diagnostic information such as type of lymphoma.

— radiotherapy information such as location, frequency, intensity and initial and final

dates.
* The biomteric data gathered includes:

— HRYV from which was possible to infer the root mean square of successive differences
(RMSSD) between normal heartbeats and standard deviation of the interbeat interval
(SDNN).

— sleeping measures such as duration of all sleep moments during the day, sleeping ef-
ficiency, number of times the patient wakes up, calories burned and the HRV while

sleeping.

— physical activity such as number of steps per day, distance, sedentary, moderate and

light activity time, calories burned and HRV.
* The questionnaires used to assess HRQoL were:

— SF-36 [14] questionnaire answered in the first moment of participation of the patient
whether in a pre-treatment phase or in the first cycle of treatments, and in the final

moment of participation.

— FACIT [71] questionnaire gathered in a pre-treatment phase and in the first, third and

sixth cycle.

4.2 Ethical Considerations

Healthcare privacy is a central ethical concern involving the use of patients data in healthcare.
With vast amounts of personal information widely accessible electronically some problems arise
such as the potential for abuse by employers, insurers, and the government. To prevent such occur-
rences, some ethical considerations must be taken in order to protect individual privacy as much as
possible [72]. In our system, some ethical concerns were also taken into account, and we wanted
to make sure the the patients data was only available to the healthcare professionals following
them. To achieve that, we made sure that the administrator of the system was the only person
responsible to certify users, so that only healthcare professionals of an health unit can log in in the
system, after permission grated by the administrator. This administrator, which must be someone
from the health unit that might not necessarily be an healthcare professional, has almost full priv-
ileges through out the system, however he/she can’t access to any patients’ clinical information,
such as general clinical data, radiotherapy data, chemotherapy data, biometric data, questionnaires
data and final HRQoL scores. Although, both administrator and healthcare professionals can add
patients to the system, the administrator can only fill some general information (non-clinical) on
them, and must always associate them with the healthcare professional following them. When the

healthcare professional adds a patient to the system, this patient becomes automatically associated
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with the same healthcare professional, and he/she can add, edit or access all clinical data, biomet-
ric data, questionnaires data, and HRQoL final scores of this patient. Besides that, even though
the healthcare professional has access to the full list of patients in the system, whether to schedule
appointments or to see some general information, they can only access personal and clinical data

if followed by them and associated to them.

4.3 CDS Requirements

As previously mentioned, this CDS intends to aid healthcare professionals in their medical deci-
sions providing them a wide range of information and knowledge, regarding lymphoma’s patients
HRQoL, in a very visual and easy to access type of way. To achieve so, it is imperative to find the
best approach when it comes to organize and display the clinical data, the questionnaires’ data and
the biometric data. Given the amount of data, it is particularly easy to sort it out in a confusing
or overwhelming way which, in turn, can have the opposite effect desired on healthcare profes-
sionals. With this in mind, the first main requirement would be to find the best way in which the
different types of data would complement each other. Besides that, another main requirement, still
in this regard, is to present them in a visual and intuitive way, making use of tables and charts when
necessary, as well as additional information about specific variables when relevant, so that the pro-
fessional accessing it won’t waste to much time reading and understanding the information. When
it comes to the management of the data, it is crucial to make sure that the health care professional
can add or edit the data he/she finds relevant, such as adding or changing the patient’s clinical data,
add chemotherapy cycles information, update questionnaires’ answers, etc. However, we believe
that this should not be the only way to populate the database, given that there are already several
patients with full data records that should already be present in the system, and creating one by
one directly in the system would demand to much time and effort. To prevent this, one essential
requirement must be the possibility of populating the database directly with data files from the
patients. Another aspect we thought relevant, was to give the CDS a management component, SO
that it was possible to create doctors, patients and allow the scheduling of appointments in order to
be easier for doctors to find the information about their patients when accessing their own appoint-
ments, without needing to search for a specific patient. Like mentioned in the previous section,
it is mandatory that only certified healthcare professionals, from the health unit, would be able
to register and access the patients data and it is also imperative that only the doctor following a

specific patient has access to its data.

4.4 Development Technologies

Regarding the choice of development technologies, the first main task was to choose the frame-
work in which our system would be developed. We thought relevant to make it a web applica-
tion so it could be more easily accessible to anyone, from anywhere, as long as it is a certified

healthcare professional who is already registered in the CDS. With that in mind and due to its
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simplicity, flexibility, reliability and scalability, the Django framework [73] was chosen. Besides
that, Django is an open-source framework for back-end web applications based on Python [74],
which was an advantage given the simplicity and familiarity with that programming language.
The Django framework has a Model-View-Template architecture (Fig 4.2) [75] which allows de-
velopers to change the visual part of an app and the business logic part separately, without their
affecting one another. The three layers (Model, View, and Template) are responsible for different
things and can be used independently. The model part is the source of information about the data,
containing all the fields and behaviors of the data that has been stored. Django supports 4 different
databases, but for this project we decided to use SQLite [76], which is the default one, and it also
the one we were more familiar with. These models contain information about the data and are
represented by attributes (fields). A model is a simple Python class, and since it knows nothing
about other Django layers, the communication between layers is possible only via an application
programming interface (API). Models hold business logic, custom methods, properties, and other
things related to data manipulation. Additionally, models allow developers to create, read, update,
and delete objects in the original database.

The view executes tree tasks: it accepts HTTP requests, applies business logic provided by Python
classes and methods, and provides HTTP responses to clients’ requests. This means that the view
fetches data from a model and either gives each template access to specific data to be displayed or
processes data beforehand.

The templates are files with HTML code that are used to render data. The contents of these files
can be both static or dynamic. Since there mustn’t be any business logic in a template, it is there
only to present data.

Django is also a batteries-included framework. This means that it comes with several useful pack-
ages that allow the developer to worry just about importing them, instead of writing code for
certain parts from scratch. Some of this packages are Authentication with auth package [77], Ad-
min interfacing with admin package [78] and Session management with Sessions package [79].
the admin interface is particularly important for our project given that the admin must certify the
users and associate them to specific instances of the model doctor, as it will be better explained in
further sections. Django offers an administrative interface that is both professional and versatile,
and the developer doesn’t have to worry about that. Another relevant libraries from Django were
django-adaptors [80] which is a tool that allows the developer to transform easily a CSV/XML
file into a python object or a django model instance, and django-csvimport [81] which is a generic
importer tool to allow the upload of CSV files for populating data. Both these libraries were par-
ticularly relevant to populate the database with the data records that had been already gathered.
Still regarding Django, the library django-extensions [82], combined with python libraries such as
pygraphviz [83] or pydot [84] allow the developer to easily get automatically the relational model
of all the Django system implemented. Like mentioned, in previous sections, it was important for
us to make sure that our CDS had a strong visual component, so that it will cost less effort and
time to users to find and understand the information they’re looking for. For that, we had to make

sure that charts of the data were displayed along with the data tables. To do that we decided to use
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Chart.js [85]. Chart.js is an open source JavaScript [86] library that helps render HTMLS charts.

Chart.js is responsive and counts with 8 different chart types.

Datasets User Input

Create, Update, Delete Data for Display

Figure 4.2: Django’s Architecture

4.5 Relational Model

Regarding the database logic, there are 11 different models which map to a different single
database table. The models presented in our system are: Patient, Doctor, Appointment, Clini-
calData, ChemotherapyData, RadiotherapyData, SF_36, Fact_Lym, HrvData, SleepData, Physi-
calActivityData(Fig 4.3).

The model Patient has as required attributes the name, age, address, condition, gender and
contact of the patient. Apart from these, height, weight, IMC, medication and whether it is a
smoker or not are also attributes of this model, although these ones can be null. The model Patient
is the most important in the CDS given that it is the foreign key to every model in our system apart
from the model Doctor. The model Doctor has as attributes the name, mobile, specialization and
username which is the link between the doctor and the certified used. This model, along with the
Patient model, are foreign keys to the model Appointment. The model Doctor it is also a foreign
key for the model Patient. This model is particularly important given that the administrator must
link each instance of this model to a user, so that each user can only access the data associated to
their own patients and appointments. The attributes of the Appointment model are the date, time,
the doctor and the patient. This model is mainly relevant for management reasons and to access
the patient information faster through the appointments search, when a user is checking their own

appointments, whether searching by the patient’s name or the appointment date.
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The attributes on the ClinicalData model are the patient, the Ann Arbour staging classification,
the biopsy result, the ECOG classification, the hemoglobin levels, the emunophenotyping result,
the IPI classification, the LDH levels, microglobulin levels, the PET classification and the TAC
classification. None of these attributes are mandatory. The foreign key to access this information is
the patient attribute. The ChemotherapyData keeps the data related to every cycle of chemotherapy
of each patient. This data consists in the patient itself, which is the foreign key to this table,
the cycle of chemotherapy, the date of beginning and end of that cycle, and the chemotherapy
scheme for that cycle. In the RadiotherapyData model it is where all data related to radiotherapy
sessions are saved. This data consists, once again, in the patient itself as foreign key to the table,
the date of the session and then the frequency, intensity, location and type of radiation. In the
scope of questionnaires data, there are 2 models, the SF_36 model and the Fact_Lym model.
These models keep the classification of each component of the questionnaire, the moment of
evaluation and the patient associated to those classifications, which is once again the foreign key to
each of these tables. The attributes that represent each SF_36 component are emotional_aspects,
functional_capacity, mental_health, overall_health, pain, physical_limitations, social_aspects and
vitality. In the case of the Fact_Lym model, its keeps the Fact G classification, the Fact Lym
classification, TOI and lymphoma classification as well as emotional, physical, functional and
social/family classifications. Regarding the Biometric Data, the data is kept in three different
models, HrvData, SleepData and PhysicalActivityData. The HrvData keeps the HRV metrics for
each patient in each chemotherapy cycle. So its attributes are obviously the chemotherapy cycle,
the patient, and the RMSSD and SDNN values. The SleepData model is where all data related to
sleep of each patient for each chemotherapy cycle is kept. This data consists on the calories burnt
per night on average, sleep duration per night, on average, sleep efficiency, the hrv during sleeping
times and the number of times the patient wakes up on average. The PhysicalActivityData models
keeps the data related to all physical activity of each patient during a chemotherapy cycle, whether
its sedentary, light or moderate activity. These data consists on the distance and steps per day.
Besides these two attributes, it also keeps the calories burnt, the HRV values and the time spent on

each type of physical activity ( sedentary, light and moderate).

4.6 Use Cases

A UML with the use cases of this system is presented in (Fig 4.4). There are three types of users
in this system, the administrator, the certified user, and the uncertified user. The uncertified user
has very little privileges in this system, being only able to access the login page, the about page
and the contacts page.

The certified users, intended to be doctors certified by the administrator of the system, have all the
privileges the uncertified users have. Furthermore, they have full privileges when it comes to their
patients’ data. These users can add patients to the system as long as they’re the doctor following
them. They can add and access specific medical info that the administrator of the system can’t,

such as chemotherapy and radiotherapy cycles, biometric data and questionnaires data. They
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are the only users with access to evaluation tables and charts regarding their patients HRQoL.
These users can also schedule appointments of their own, and for this functionality they have
access to the full list of patients in the system, and not only the ones they’re following. Regarding
other doctors, each certified user can access a list of doctors in the system, and access a limited
amount of information on them, however they can’t access which patients they’re following, their
appointments, or their patients’ data.

The administrator of the system is responsible for creating the certified users and manage them.
This is also the only user capable of adding doctors to the system and link them with the certified
user, given that a certified user is intended to be a doctor. Apart from these, the administrator
can also add patients to the system and associate them with any doctor in the system, which is
something the certified users can’t do, given that they can only add patients if they’re the doctors
following them. Although the administrator can create patients and fill some general information
fields about them, this user can’t add or access more specific information, such as radiotherapy
information, chemotherapy information, questionnaires data, biometric data or evaluation tables
and charts. Regarding appointments scheduling, the administrator is able to make any appointment

with any doctor or patient.

System

Add own patientto system Add own appointmentto system
Access, add and edit Access, add and edit e -
B e Access, add/ and edit Biometric Data

Visualize Biometric = data evolution Visualize Questionnaires answers evolution
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Figure 4.4: UML Use Cases
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4.7 System Functionalities and Interface

Some of the general functionalities of this system were already discussed in the previous section.
However, we thought to be relevant to discuss some of them with greater detail. Regarding the
functionalities available to all types of users, there are 3 different views available, the login page,
the about page and the contacts page (Fig 4.5). After making the login, this system can be defined

in two different components, the management component and the CDS to evaluate HRQoL.

Login Sobre

Contacte-nos

& Mande email

Figure 4.5: Login Page, About Page and Contact Page

4.7.1 System’s Management Component

Regarding the system management component, there are some substantial differences between the
views of the administrator of the system and the certified users. The first noticeable difference
appears on the navigation bar, where the option of adding a doctor under the doctor tab is only
available for the admin, whereas the certified user, under this tab, only has the option to view the
list of doctors in the system. Besides the navigation bar, the biggest difference when logging in as
an administrator, is the access to the admin panel control in the index page (Fig 4.6).

This admin panel control is the automatic Django admin interface, mentioned previously,
which reads metadata from the models of the system to provide a quick interface where the admin-
istrator can manage content of the system. This panel can only be accessed by the administrator
and its used as an organization’s internal management tool (Fig 4.7).

In our system, this view is particularly helpful for the admin to certify the users and link them
to the doctors instances via username (Fig 4.8).

Through the panel, the administrator can also add patients, add doctors and schedule appoint-

ments in the system, however the system presents specific views for these purposes. Another
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Figure 4.6: Differences between the Administrator Index on the left and the Certified User Index
on the right.
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Figure 4.7: Django admin interface of our CDS

important difference between the interfaces of the administrator and the certified user is the access
to patients data. Although, both users are able to create a patient, the difference in this functionality
is that the administrator must associate them with a doctor while that association is automatically
made for the certified user (Fig 4.9).

Besides that, the administrator is not able to add or access specific data patients or HRQoL
evaluations of any patient (Fig 4.10).

In this view, we notice that the administrator doesn’t have access to the links available for
the certified user, which references the personal page of each patient. Another difference here, is
that for the same instant in time, we realize that the list of patients presented for the administrator
is larger than the one presented for the certified user. This happens because the administrator
has access to the complete list of patients in the system, whereas the certified users only have

access to their own patients. Similarly to what happens when creating a patient, the scheduling
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Django administration

Home » Authentication and Authorization » Users » Add user

Add user

Groups. + Add

Users + Add First, enter a username and password. Then, you'll be able to edit more user options.
Username: rodrigoGuedes

Appointments + Add
Password: e

Doctors + Add

Patients + Add

Password confirmation:

Save and add another Save and continue editing

Home » Cds > Doctors » Add doctor
Add doctor

Groups + Add
Users + Add Name: Rodrigo Guedes
L R )
Appointments + Add
Mobile: 9192384 -
Doctors + Add
Patients + Add Specialization: Linfoma

Save and add another Save and continue editing SAVE

Figure 4.8: Creation of certified user by the admin in the first view. Creation of the doctor,
associated to the certified user created in the first views via username, in the second view.

At Peso
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Submeter Submeter

Figure 4.9: View of part of the form for creating a patient for the admin user in the right, and the
certified user in the left.

of appointments also present some peculiarities for each user. The first difference, regarding

appointments management is in the view of the form to schedule them. Like in the form to add a
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Sistema de Apoio & Decisdo Clinica

Ver Pacientes Ver Pacientes

Figure 4.10: View of the list of the patients in the system for the administrator in the right and for
the certified user in the left.

patient to the system, in this one, the certified user can only make appointments of they’re own,

so the doctor field for each appointment is filled automatically whereas in the admin view for

scheduling an appointment, this user must chose which doctor is leading the appointment (Fig
4.11).

Adicionar Consulta Adicionar Consulta

Figure 4.11: View of part of the form for creating a patient for the admin user in the right, and the
certified user in the left.

Still in this view, and differently from what happened in the view where the patients where
listed, the certified users, like the administrator, have access to all the patients in the system to
make an appointment, and not only the patients they’re following. When it comes to the view
of listing all appointments, for the administrator, all upcoming appointments in the system are
presented, while in the same view for the certified users, only the appointments they’re leading are
shown (Fig 4.12).

In this view, in the part where the names of the patients are displayed along with the rest of the
information for their appointments, the certified user has the option to access the link over these
names to access these patients’ personal page whereas these links aren’t available for the same

view for the administrator.

4.7.2 System’s CDS to evaluate HRQoL

Given that the patients’ data is only available for certified users, in this component of the system,

it no longer makes sense to talk about different users. The first view, when accessing the patient’s
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Sistema de Apoio & Decisio Clinica

Ver Consulta Ver Consulta

Figure 4.12: View of the list of the patients in the system for the administrator in the right and for
the certified user in the left.

personal page, displays all the data inserted on the system for this patient when it was created (Fig
4.13).
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Informagéio Geral Dados Clinicos Quimioterapia Radioterapia

Questionarios
QdVRS

nasssoméricos  Paciente Maria Francisca Rodrigues - Informacao Geral
HRV
Sono Nome - Maria Francisca Rodrigues

- Fisi
Atividade Fisica Idade - 56

QIVRS Total Sexo - Female
Morada - Rua das Oliveiras n6 Porto

Contacto - 918765456

Diagnéstico - Linfoma Nao-Hodgkin

Peso - 63
Altura - 1.60

IMC - 23,5

Fumador - Nio

Medicac¢io Habitual - 1 keinever - dia

Figure 4.13: View of the patient general information, inside the general vision tab on the left side
bar

In this view, we soon notice two navigation bars, besides the main one on the top. The nav-
igation bar on the left side presents the tab to access the general vision regarding patients data,
clinical data and radiotherapy and chemotherapy data. The second tab references the page where
all the information, answers and HRQoL evaluations regarding questionnaires related to HRQoL

are displayed. The third tab presents information related to biometric data on the patient, and this
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section is divided in three, the HRV metrics, the sleep metrics and the physical activity metrics.
The final tab presents a general evaluation on the patients HRQoL regarding the patients’ ques-
tionnaires’ data and biometric data. The navigation bar on the top, below the main one, presents a
mean to navigate inside any tab on the left side, so in this specific tab of the general vision of the
patient, we notice 4 tabs on the top, the patients’ data, the clinical data, the radiotherapy data and
the chemotherapy data. Regarding the patients’ data tab, like previously mentioned, it displays to
the health care professional some general information inserted by the time this patient was added
to the system, as well as the possibility to change this information. The second tab, presents the
clinical data associated to this patient. If the patient was just added to the system, this view will

ask for data on this regard to the user (Fig 4.14).

Somo Sono.
,,,,,,,,,,,,

,,,,,,,,,,,,,

QaVRS Total QaVRS Total

Figure 4.14: View of the patient’s clinical data when there’s still no information on this regard
about a patient, on the left. On the right is the form to add this information to the system.

When this data is already present in the database, this view will display that data along with the
possibility to edit this information (Fig 4.15). These data, like all data in this system, can be added
by the user directly on the system or, if the amount of data is larger, it can be inserted directly in
the database through JSON, XML or YAML files.

The following tab has the information related to the patient’s chemotherapy cycles. This view
presents a table where each line holds information on each cycle, such as the date of beginning
and end of treatment as well as the chemotherapy scheme for that cycle (Fig 4.16). This table
also allows the health care professional to search for a specific cycle, date or scheme, as well as
download the content of this table in a pdf, excel or csv format, or copy the content to the clipboard.
Besides that table, it also presents the option to add a chemotherapy cycle and the option to see
the HRQoL evolution associated to these cycles. This option references the last tab on the left side

navigation bar, where a general evaluation of the total HRQoL is made.
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Figure 4.15: View of the patient’s clinical data when this information is already present in the
system.
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Figure 4.16: On the left is the view of the patient’s chemotherapy cycles. On the right is the form
to add chemotherapy cycle information.

In the last tab of the general vision of the patient, there’s the information on the radiotherapy
session. Similarly to what happened in the clinical data tab, when there’s still no information on
this regard, the system request the insertion of this data along with a form to do so (Fig 4.17).

When this data is already present in the system, this view displays data such as the date of the
session, the location, type of radiation, intensity and frequency as well as the option to edit this
information (Fig 4.18).

The second tab on the left side navigation bar, is where we find the information on each patient’s

questionnaires. After getting on this tab, in the first view, the system requests the user to choose
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Figure 4.17: On the left is the view of the patient’s radiotherapy session when there’s still no
information on this regard about a patient. On the right is the form to add this information to the
system.
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Figure 4.18: View of the patient’s radiotherapy session when this information is already present
in the system.

which questionnaire’s data (sf-36 or fact-lym) is to be analysed (Fig 4.19).

Inside the page of each questionnaire, the views and functionalities are the same for both
questionnaires. The first view after choosing the questionnaire to be analysed will let the user

select whether the data should be presented in a table or in a chart (Fig 4.20).

When the option selected is the table view, a table with the results for each component of
the questionnaires will be displayed, organized chronologically. In this view is also possible to
add more moments of evaluation or delete the ones available. As a way to read this data more

efficiently and effectively, the range values for each component of the questionnaire is presented
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Figure 4.19: First view inside the questionnaires tab on the left side navigation bar. The user must
select which questionnaire results wants to analyse.
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Figure 4.20: This is the first view after the user selects the questionnaire to be analyzed, and must
choose now in which way wants this data to be displayed.

in the head of the table, and the results of these evaluations are displayed along with red downward
arrows or green growing arrows, to better compare such values with previous results of the same
components in other moments of evaluation. As it happens with several tables in our system, also

in these tables, the option to search for certain values or moments of evaluation is available, as well
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as the possibility to download this information in csv, pdf, or excel as well as copy this information
to clipboard. Still in this view, the possibility to visualize this data in a chart is available without
having to navigate to the previous view. In the chart view, a chart with all the components of
the questionnaire previously selected is presented. This is a line chart where in the x axis are
presented the moments in time in which the questionnaire was taken, usually coincidental with
moments of pre or post chemotherapy cycles. Above this chart, the user is also able to change
which dimensions of the questionnaire wants to be represented in the chart, making it easier to
read and absorb the information, if the user is searching for specific parameters of the patients
HRQoL. From this view, the user can choose to return to the table view, without having to navigate
backwards. In Fig 4.21 are presented both views, table and chart, for a questionnaire’s data, in this
case the SF-36.

sistema de Apoio & Decisiio Clfnica

aiesmiomenicss PaCi€Nte Maria Francisca Rodrigues - Resultados SF-36 Tabela ,.pomeice  Paciente Maria Francisca Rodrigues - Resultados SF-36 Gréfico

Figure 4.21: Table view with questionnaire’s data on the left, and chart view for the same data on
the right.

The next tab on the left side is the one that takes the user to the management of the biometric
data. The first view in this tab lets the user decide which type of biometric data (HRV, sleep or
physical activity data) wishes to visualize (Fig 4.22). These different types of biometric data can
also be accessed through the navigation bar on the left side.

The first metrics, inside the biometric data, are the HRV metrics. Inside this view (Fig 4.23),
the user has access to both the table and chart that hold the values for the patient’s mean SDNN
and RMSDD for each chemotherapy cycle.

As in previous tables, with this one it is possible to make searches on specific values or
chemotherapy cycles, delete specific cycles, and download its content in pdf, csv or excel, as
well as copy to clipboard. Besides this, this table also presents modals in both variables, which
are represented through buttons for more information in the table head. These modals hold some
explanation on the relevance of these variables and contain some reference values for them (Fig
4.24). The chart is presented below the table and the user can choose to visualize none, only one
or both variables.

Another important type of biometric data to help assess the HRQoL are sleep metrics. The
system view (Fig 4.25) for this data follows the same logic as the view for the HRV metrics.
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Figure 4.22: First view inside the Biometric Data Tab

For this metric, a table and a chart are also displayed. This table presents all the functionalities
previous discussed for the HRV table such as search mechanisms, download content, modals with
relevant information on the 5 variables, option to delete and add cycles, as well as the possibility
to add great amounts of data directly to the database. Regarding the chart, the user can choose as

well which variables want to see displayed.

The last type of biometric data in our system are the physical activity metrics. Inside the scope
of the physical activity data, the general variables are the number of steps per day on average
and the distance walked in a day on average. Besides that, there are 3 types of physical activity
approached in the system, sedentary activity, light activity and moderate activity. For each of these
types of activity, there are some variables taking into account such as time spent in each activity,
HRYV and calories burnt. Given that, and in order to have a clearer vision of these metrics, the
tab on top, inside the physical activity metrics references 4 different views. The first view (Fig
4.26), presents an overview of all variables in the table, and represents in the chart the variables

concerning physical activity in general as well as the time spent in each specific type of activity.

The other 3 views (Fig 4.27) in this scope, represent the specific variables for each type of
activity (sedentary, light and moderate). These representations are made through tables and charts
as well. Regarding all the tables and charts on this scope, the logic is similar to the previous types

of biometric data.

Finally, the last tab, on the left side navigation bar, it is the total HRQoL of the patient, where a
first view is presented with two options for the user to choose between the Self-perceived HRQoL
and HRQoL biometrically measured (Fig 4.28).
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Figure 4.23: HRV metrics view inside the biometric data scope

Inside the Self-perceived HRQoL the final scores for the Fact-lym are displayed as shown in
Fig.4.29.

These scores are the TOI (Trial Outcome Index) which is the sum of the physical, functional
and lymphoma specific concerns, the Fact-G score which is the sum of the physical, social, emo-
tional and functional well-being and the Fact-lym score which is the sum of the physical, social,
emotional, functional and lymphoma specif concerns. For the Sf-36 questionnaire, no score is
presented in this tab since the measure itself has no final scores, and each score is associated to
only one dimension of the questionnaire, and those are already presented in the Sf-36 tab inside
the questionnaires scope. Inside the HRQoL biometrically measured, the final score for each bio-
metric measures in our system are presented and a chart is displayed with the HRV total score, the

sleep total score and the physical activity total score (Fig. 4.30).

Each of these scores were calculated based on the variables inside each measure, for each

we had an ideal value. For instance, in the case of the HRV metrics, both variables SDNN and
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SDNN

SDDN é o desvio padrio de todos os intervalos RR normais
gravados num intervalo de tempo, expresso em ms; O indice
SDNN é obtido a partir de registos de longa duracéo e representa
as atividades simptica e parassimpética, porém néo permitem
distinguir quando as alteragdes da Variacio de Frequéncia
Cardiaca sdo devidas ao aumento do ténus simpético ou
diminuig@o do tonus vagal. Os valores de SDNN ajudam a prever
tanto morbidade como mortalidade.

Valores normais para SDNN corrigido pela frequéncia cardiaca
(em ms) por faixa etdria e para ambos 0s sexos:

Média (2° percentil; 98° percentil)

Faixa etéria - Homenes - Mulher

< 1més - 99,6 (33,6; 265,6) - 109,2 (35,1; 282,2)

1a 2 meses - 99,4 (33,4; 265,1) - 108,8 (35,0; 281,6 *)

3 a5 meses - 98,8 (33,2; 264,1) - 08,1 (34,7; 280,3)

6 a 11 meses - 98,1 (32,9; 262,7) - 107,1 (34,3; 278,3)

1a 2 anos - 95,4 (31,8; 258,0) 1- 03,8 (33,1; 271,9)

3 a4 anos - 91,3 (30,0; 250,4) - 98,6 (31,2; 261,9)

5a7anos - 86,0 (27,8; 240,5) - 92,3 (28,9; 249,8)

8a11anos -78,3 (24,7; 225,7) - 84,0 (25,8; 233,5)

12 a 15 anos - 69,3 (21,1; 208,0) - 75,2 (22,7; 215,7)

16 a 19 anos - 60,7 (17,8; 190,9) - 67,3 (20,0; 199,2)

20 a 29 anos - 48,5 (13,9; 161,4) - 56,0 *** (16,6 **; 172,7)
30239 anos - 37,5 (11,0; 129,2) - 43,4 *** (13,3 **; 137,8)
4049 anos - 30,4 (8,8; 113,7) - 33,3 * (10,6; 109,5)

50 a 59 anos - 24,4 (6,9; 103,4) - 25,6 (8,4 ***; 90,2 *)

60 a 69 anos - 20,4 (5,6; 104,8) - 20,7 (6,9 **; 82,8)

70 a79 anos - 17,8 (4,7; 120,9) - 17,9 (5,9; 89,5 %)

80 a 89 anos - 15,6 (3,9; 158,3) - 16,1 (5,1; 126,1)

* Valor de P < 0,05 para diferenca entre homens e mulheres; #x

Figure 4.24: Modal for the SDNN variable

RMSSD have reference values. According to the literature, an individual with RMSSD and SDNN
values superior to 100ms is considered an healthy individual [87]. Taking this into account, and

giving a weight of 50% to each variable the total score of HRV is calculated as follows:

rmssd x 0,50 + sdnn+0,50 = HRV TotalScore

Regarding the sleep metrics, only two variables were chosen to calculate the total score of this
dimension, given that the number of times a person wakes up per night as well as their calories
burnt per night can be very changeable regarding each individual, which makes it hard to set an
idyllic value for such variables. Given that we decided to take into account for the total score of
the sleep metrics only the duration of sleep, which has an ideal value, considering the 8 hours of
sleep per night recommended by the literature, and the efficiency of sleep which is already given
in percentage. This way, and also giving a weight of 50% to each variable, the total score of the

sleep dimension is calculated as follows:

ef ficiency 0,50+ w *0,50 = SleepTotalScore
For the total physical activity score, the logic is similar to the previous measures, however,in
this case, 3 variables were chosen: the number of steps per day, which has a recommended value
by the literature, of 10 000 steps per day [88], the time of moderate activity which should be
of at least half an hour per day, and the time of light activity which, taking into account the 30
minutes recommended of moderate activity and the maximum of 10 hours of sedentary activity

recommended [89], should be of at least 13.5 hours. Thereby, and giving a weight of 33,3% to
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Figure 4.25: Sleep metrics view inside the biometric data scope

the total score of the physical activity dimension is calculated as follows:

0,33+ 0,33+

13.5 0.5

x0,33 = PhysicalActivityTotalScore
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Figure 4.26: Overall physical activity metrics view inside the biometric data scope
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Figure 4.27: Specific type of physical activity metrics view inside the biometric data scope. In this
case, moderate activity.
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Figure 4.28: First view inside the Total HRQoL tab
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Figure 4.29: View of the self-perceived HRQoL inside the Total HRQoL tab
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Figure 4.30: View of the HRQoL biometrically measured inside the Total HRQoL tab



Chapter 5

Qvida+ CDS Validation

The Qvida+ CDS was originally intended to be tested and validated among healthcare profession-
als, specifically in the oncology field. However, due to the current situation of the pandemic we
are facing, that was not possible to achieve. Hence, the system validation process had to be rede-
fined. The most convenient option was to still make some functionality and usability tests among
a convenience sample inside the university community, mainly with students of the Faculty of
Engineering and the Faculty of Medicine of the University of Porto, even though there were also
a small percentage of students from other educational institutions participating in this process. To
perform this evaluation of the system, a survey was designed to mainly evaluate the usability of
the system with 27 questions on that regard. Besides that, some questions were also elaborated in

regard to system efficiency, effectiveness, data exposure and visual component of the CDS. [88].

5.1 Procedures

In order to able the interaction with the system, a fictional certified user was created. Some fic-
tional patients associated to this certified user were also created, and the fields for their clinical
data, biometric data and HRQoL questionnaires data were filled for illustrative purposes. The
participants were mainly asked to participate in the survey by email or social media. They were
asked to read a brief description of the system as well as understand its goal. Some information
regarding the functionalities of each user (administrator and certified used) were given, and the
credentials created for each user for this validation process were provided. At this point, the par-
ticipants were invited to open the link for the CDS and interact with the system. After this, they
were asked to fill the Google Form with the questionnaire mentioned previously, that can be found
in Appendix A. This questionnaire is in portuguese as it was presented to all the participants. The
form begins with an inform consent in order for the participants to agree with the usage of their
data for this survey purpose. After this, a small set of socio-demographic questions regarding age,
gender, education level and whether the participant studies in the healthcare field, are presented.
Since the participants were not the target audience for this study, the following questions on this

questionnaire are not so much about the system content itself, but mainly about the usability of
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the system. In the last section, the participants are also asked about their personal opinion on

dimensions of the system such as effectiveness, utility, data exposure, etc.

5.2 Measures

The questionnaire elaborated for the validation of our system can be divided in 3 sections as

presented in table 5.1.

Table 5.1: Validation Questionnaire Dimensions

Section Dimension Items
Administrator Section Usability and Functionalities | items 1 to 8
Certified User Section Usability and Functionalities | items 9 to 27

General Usability item 28

General Utility item 29

General Opinion Section General Effectiveness item 30
Data Exposure item 31

Visual Component item 32

The first section concerns the usability of the system as an administrator, the second section
is still about the usability of the system but as a certified user, and the third section is mainly
about the general opinion of the participants regarding the general usability of the system as well
as its utility, effectiveness, data privacy and visual component of the system. The first section of
this questionnaire, as mentioned before, concerns the functionalities and usability of the system
regarding the administrator. In this section, the participant must answer 8 questions about the
functionalities and usability of the management component of the system. These questions intend
to assess the participant’s ease in performing certain tasks related to the administrator role. The
participants answer these questions selecting the opinion that most relates to their experience. The
options for each of these questions were "I have done it easily”, "I have had some difficulties doing
it" and "I wasn’t able to do it".

The following section, concerns the functionalities and usability of the system from the certified
user point of view. In this section, 19 questions are presented to the participant, 4 of them regarding
the functionalities of the management component available for the certified user and 15 questions
about the CDS component that only this user can access. The participant, similarly to the previous
section selects the answer that resonates more with their experience, between the options "I have
done it easily", "I have had some difficulties doing it" and "I wasn’t able to do it".

In the last section, 5 opinion questions are presented to the participant. The first question regards
their general opinion on the usability of the whole system. The options to be selected are "Easy
to use", "I had some difficulties interacting with it", "I had a lot of difficulties interacting with it"
and "I could not interact with it". The second question on this section aim to assess the patients’
opinion on the utility of the system to the healthcare professionals. The options to be selected are
"I think it is a useful resource for the health professional” and "I don’t think it is a useful resource

for the health professional”. The following question concerns the effectiveness of the system
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regarding the patients. The options to be selected in this question are "The system presents many
benefits to the patients”, "The system presents some benefits to the patients" and "The system
doesn’t present any benefits to the patients". The fourth opinion question in this section intends to
comprehend how comfortable the participants would be, as patients, to expose their data on this
system. The options presented for this one are "I would feel safe about my data being exposed in
the system", "I have some concerns about the exposure of my data in the system" and "I would not
feel safe about my data being exposed in the system". The last question on this system is about
the visual component of the CDS and how was the participants’ perception of the information
displayed. The options to be selected in this question are "The information is presented clearly,
and is easily understandable”, "I had some difficulties understanding the way the information is
presented" and " The information is not presented clearly and it is difficult to understand”. All five
questions in this opinion section, are presented along with an extra option with an open text box

to express a different opinion than the ones in the options.

5.3 Results and Discussion

The sample for this survey consists of 23 participants as shown in Table 5.2.

Table 5.2: Survey Sociodemographic Data.

Sociodemographic Data

Characteristic ‘ N ‘ %
Age
21 1 4.3%
22 1 4.3%
23 13 56.6%
24 5 21,8%
25 2 8.7%
26 1 4.3%
Total 23 100%
Gender
Female 12 52.3%
Male 10 43.4%
Other 1 4.3%
Total 23 100%
Education
Basic Education 0 0%
Secondary Education 1 4.3%
Superior Education 22 95.7%
Other 0 0%
Total 23 100%
Works/Study in the Healthcare Field
Yes 13 56.5%
No 10 43.5%
Total 23 100%
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Their mean age is 23,4 years old with a 1,03 standard deviation, with the youngest partici-
pant being 21 years old and the oldest being 26 years old. From this sample, 52.3% are female,
43.4% are male and 4.3% from other gender. Regarding their education, 95.7% of the sample had
superior education and only 4.3% had just secondary education. Finally, regarding their field of
studies/work being in healthcare, 43.5% of the sample answered yes and 56.5% answered no.

Given that the first two sections of our questionnaire aim to evaluate how easily the participants
can navigate and perform certain specific tasks on our system, we analysed our sample as whole. In
the last section, given the opinion nature of the questions we believed it was relevant to differentiate

the sample in healthcare students and other students.

5.3.1 Administrator Section Results

Regarding the administrator section the results can be found in the chart on Fig.5.1. The hori-
zontal axis represents the percentage of participants who selected each of the 3 options presented
for this section. The items of this section are represented in the vertical axis. From this analysis
we can infer that, generally, the participants were very successful in the execution of these tasks,
with only two items rising more concern. These concerning items are the first one, where 8,7%
of the participants claimed that could not create patients at all, and the fourth item, where a rel-
evant percentage of the participants (21,7%) claimed having some difficulties in certifying and
associating each user to a doctor. This hurdle, in this last item, can be explained by the lack of
knowledge/explanation in the introduction of the questionnaire regarding the association of users
and doctors via username, as well as its purpose. In item 2 and 5 none of the participants claimed
any difficulty, and the remaining items present minor percentages of participants having some sort

of difficulty performing the corresponding task.

5.3.2 Certified User Section Results

The results regarding the certified user section can be found in the chart on Fig.5.2. The horizontal
axis represents the percentage of participants who selected each of the 3 options presented for this
section. The items of this section are represented in the vertical axis. Similarly to the previous
section, we can infer that most participants were successful in performing these tasks with most
items having none or minor percentages of participants claiming some difficulties. The item rising
more concern in this section is item 10 where 8.7% of the participants weren’t able to create
patients and 8.7% claimed having difficulties performing the same task. After analysing the results
of this questionnaire, and after realizing that both in the administrator section and in the certified
user section, the creation of patients was one of the tasks where participants were having more
difficulties, a problem in the system was found related to the field of the patient’s medication.
This field was originally created to receive until a max of 30 characters, which, in this process of
validation, revealed not to be sufficient. The medication field was now updated to receive until a

maximum of 100 characters.
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Administrator Section Results

1 lwasn'table to do it (%) | had some difficulties doing it (%) | |did it easily (%)

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Item 7

Item 8

100

Figure 5.1: Administrator Section - Chart Results

Certified User Section Results

I I wasn't able to do it (%) | had some difficulties doing it (%) | |did it easily (%)

Figure 5.2: Certified User Section - Chart Results

5.3.3 Opinion Section Results

As mentioned previously, in this section, given the opinion nature of the items as well as some

dimensions such as utility and effectiveness of the system, we thought relevant to analyse our
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sample divided in healthcare students and others students. The first item in this section concerns
the overall usability of the system and the results are presented in the chart on Fig.5.3. In the anal-
ysis performed for this item, we realized that 80% of the healthcare students participating in this
survey found our system easy to use as well as 92.3% of other fields’ students. Only 1 participant
that weren’t healthcare student had some difficulties using the system and only one healthcare
student claimed having a lot of difficulties interacting with it. There was also 1 healthcare student
selecting the option "Other" and in the open box for that option the participant wrote "Easy to
use, I just couldn’t create new patients". This problem could be related to the medication field
mentioned in the previous subsection, which was solved after the analysis of this questionnaire. In

general, the results have proven that our system is easy to manage and use.

Opinion Question on Overall Usability

Healthcare Students Other Students
100
92,3

75 80
50
25

77 10 10
0
Easy to use (%) | had some difficulties using it 1 had a lot of difficulties using it Other Opinion (%)
(%) %)

Figure 5.3: Opinion Question on Overall Usability - Chart Results

The second item in this section was about the overall utility regarding the healthcare profes-
sionals. The results for this question are presented in the chart on Fig.5.4. The opinions of the
participants regarding this item were unanimous, and all participants of the survey, healthcare stu-
dents and others, believed the system to be a useful resource for healthcare professionals. The
results of this item analysis revealed an optimal general opinion, regarding one of our main goals
which was creating an helpful resource to healthcare professionals.

The third item in this section was about the overall effectiveness regarding the benefits of the
system for the patients. The results of this item are presented in the chart on Fig.5.5. The results
have shown that 60% of the healthcare students, participating in this survey, believed the system
presents many benefits to patients, and 40% of these students claimed the system presents just

some benefits to patients. When it comes to other participants, that were not healthcare students,
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Opinion Question on Overall Utility

Healthcare Students Other Students
100
100 100
75
50
25
0
Useful resource for healthcare Not a useful resource for healthcare Other Opinion (%)
professionals (%) professionals (%)

Figure 5.4: Opinion Question on Overall Utility - Chart Results

77% of them believed it presents many benefits to patients as well, and only 23% believed it
presents just some benefits. None of the participants, healthcare students or not, believed that the
system doesn’t present benefits to patients. Through this results, although satisfactory, we believe

that there is still room for improvement on this regard.

The fourth item in this section relates to the patients’ data exposure in the system. The results
gathered for this item are presented in the chart on Fig.5.6. In this subject, 60% of the healthcare
students stated to feel comfortable to expose their own data in the system, as patients, as well as
62% of the other participants. The sample stating some concerns about such exposure was of 40%
for healthcare students and 30.1% for other students. There was also a participant, not healthcare
student, claiming that would not feel safe exposing his/her data on the system. These results, seem

to point out that there’s still room to improvements to be made regarding the privacy of the data.

Finally, the last item in this section regards the visual presentation of the CDS data. The results
gathered for this last item are presented in the chart on Fig.5.7. Regarding this subject, all health-
care students claimed the information was clearly presented and easily understandable, as well as,
76.9% of the other participants, that were not healthcare students. The percentage of participants
that were not healthcare students claiming some difficulties understanding the way the information
was presented was 23.1%. None of the participants, healthcare students or not, selected the option
stating the information is not clearly presented nor understandable. This results were pretty satis-
factory given the minor percentage of participants claiming difficulties understanding the data, and
taking into consideration that in this percentage, none of the participants were healthcare students.

Given that, those difficulties in understanding the data might be related not necessarily to the way
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Opinion Question on Overall Effectiveness

0 Healthcare Students [ Other Students

80
60
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0 0 0 0
0
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Figure 5.5: Opinion Question on Overall Effectiveness - Chart Results
Opinion Question on Data Exposure
0 Healthcare Students 1 Other Students
80
60
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0 0 0
0
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exposure of my data in the  the exposure of my datainthe  exposure of my data in the
system system system

Figure 5.6: Opinion Question on Data Exposure - Chart Results

the data is presented but maybe with the clinical character of the data content itself.
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Opinion Question on the Visual Presentation of the Data
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Figure 5.7: Opinion Question on the Visual Presentation of the data - Chart Results
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Chapter 6

Conclusions

6.1 Summary

Even though some work have been done, in the last decades, to better assess HRQoL in patients
with chronic illnesses, there is still a long way to go in this field, whether in terms of a less
unobtrusive assessment, a more frequent assessment, a more objective assessment or even in the
way this assessment is made available to patients and healthcare professionals. With this project,
we intended to build a robust CDS system capable of doing this assessment accurately, taking into
account as many variables as possible and capable of displaying such information to the healthcare
professionals as a mean to better inform them about their patients’ health status and help or support
decisions regarding future steps on patients’ treatments.

To achieve that, we tried to embody as many HRQoL variables regarding self-assessment HRQoL,
with patients’ answers to questionnaires, concrete physical variables with biometric data, as well
as a richer set of clinical data. Given the importance of confidentiality and ethical considerations
in healthcare, some measures were taken in that regard, such as, not giving access to patients’
data to the administrator or to any doctor not following that specific patient, as well as making the
administrator the only user capable of granting accesses to users in our system. Another important
consideration taken into account was to make sure that our system would be very intuitive, visual
and easy to read so that the health care professional could understand the data without much effort

or without wasting to much time.

6.2 Limitations

Due to the Covid 19 pandemic, there were two main limitations to our system. At first, the idea was
to integrate our CDS with Machine Learning algorithms, and some investigation was even made
on that regard, which narrowed the options for that integration to some algorithms: a Bayesian
network, Tree Based Model, a Support Vector Machine (SVM) and K-means clustering. Some of
that research is available in Appendix B.

Although, we believed such integration would be very valuable to our system, whether to better
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understand the data and its patterns, but also to make more accurate predictions and classifications
regarding the patient’s HRQoL and the history of similar patients in our system, the amount of data
necessary to perform such tasks was never made available. These data, gathered in previous steps
of the Qvida+ project, which encompassed clinical data, self-assessment data and biometric data,
was difficult to get for two main reasons. The first reason was that the amount of patients with
full records of the data, gathered before, might have not been enough to use Machine Learning
techniques. However, the main reason to drop this integration was due to the impossibility of
dealing with all the bureaucracies necessary to be able to access that specific healthcare data. In
normal circumstances, this process could take several time, but in a pandemic panorama, where
so many people were working from home and where other priorities came first, this goal became
unrealistic. With that in mind, we thought reasonable not to get stuck in this part of the project
due to the lack of data, and we felt the necessity to re-think our project to some extent and reset a
new path to it, by turning it into a more analytical and visual system.

The second main limitation found during the development of this project, was its validation among
healthcare professionals. The idea at the beginning was to validate our CDS, idyllically in a
oncology center, with the target users of our system, the health care professionals following cancer
patients. However, once again due to the pandemic panorama, such task was once again impossible

to accomplish, and this validation was done with a convenience sample of college students.

6.3 Future Work

Regarding future work, we believe that the next step should be the integration of artificial intelli-
gence in this system, so that the assessment of HRQoL of new patients could be the most accurate
possible, given the data of other patients in the system. With that added knowledge, the CDS
would be able to make predictions regarding the future of the patients and therefore be a more
valuable tool to aid health care professionals in clinical decisions. This step would also improve
the legibility of the data, once it would not only be displaying the data in charts and tables, but
could also make suggestions based on the history of similar patients.

With this integration, the formulas used in the final dashboard of the total HRQoL, to calculate the
final score of the HRYV, sleep and physical activity dimensions, could be improved and made more
accurate.

Another crucial step would be the interaction of health care professionals, specifically profession-
als dealing with cancer patients, so that their feedback could be taken into account, which might
constitute a valuable input.

Concerning the results of the validation survey, we believe that there is still some thinking to be
done regarding the patients’ data privacy, in order to make them feel more comfortable about that

exposure.



Appendix A

Qvida+ Decisio Support System -
Validation Questionnaire

QVida+ Sistema de Apoio a Decisao
Clinica - Questionario de validacéo

No ambito da dissertacdo de mestrado "Qvida+ Desenvolvimento de um Sistema de Apoio a
Decisdo Clinica" do mestrado integrado em Engenharia Informatica e Computagédo da
Faculdade de Engenharia da Universidade do Porto foi desenvolvido um sistema de apoio a
deciséo clinica. Este sistema pretende reunir dados biométricos coletados a partir de
smartbands, respostas a questionarios de autorrelato de qualidade de vida relacionada
com a saude (QdVRS) e dados clinicos de pacientes oncologicos. Este sistema tem o
intuito de fornecer aos profissionais de saide uma melhor e maior quantidade de
informag&o sobre a qualidade de vida dos seus pacientes a cada fase de tratamento,
geralmente associadas a ciclos de quimioterapia, e por isso auxilid-los em decisdes clinicas
futuras.

Este sistema tem dois usudrios principais, o administrador e o usuario certificado, que
serdo os profissionais de salide que seguem os pacientes inseridos no sistema.

0 sistema pode ser definido por duas componentes principais, a componente administrativa
e a componente do sistema de apoio a decisdo (SAD). Relativamente a componente
administrativa, o administrador tem privilégios totais sobre esta componente, podendo criar
pacientes, médicos, certificar usuarios e marcar consultas. O administrador ndo tem acesso
a componente de SAD e por isso ndo tem acesso aos dados clinicos, dados de
questionarios ou dados biometricos de nenhum paciente.

0 usudrio certificado, relativamente a componente administrativa, pode marcar consultas,
se ele for o profissional de salde responsdvel pela mesma e pode criar pacientes desde que
seja o profissional a seguir esse paciente. Relativamente a componente de SAD, este tem
privilégios totais sobre esta componente, desde que relativamente aos seus préprios
pacientes.
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Qvida+ Decisio Support System - Validation Questionnaire

Link para Sistema de Apoio a decisdo Qvida+:

https://deployment-qvida.herokuapp.com

Todos os dados introduzidos no sistema, neste momento, séo ficticios e puramente
ilustrativos.

Para utilizar o sistema como administrador, estas sé@o as credenciais:
Username:admin
Password:admin

Para utilizar o sistema como usuaério certificado (profissional de satide), estas sdo as
credenciais:

Username:Médico1

Password:qvida123

*Qbrigatério

Embora ndo faga parte do publico alvo, este questionario pretende avaliar a
experiéncia de utilizagado do sistema. Nesse sentido, gostaria de solicitar a sua
participagao na presente investigagao. Para isso, necessitara de aceder ao
mesmo através do link referido anteriormente e interagir uns minutos com o
mesmo. De seguida, gostaria de solicitar que preenchesse o seguinte
questionario. A participagdo nesta investigacdo € voluntaria e todos os dados
recolhidos sao anonimos e confidenciais, e serao usados apenas na presente
investigagdo. Se pretender algum esclarecimento sobre este estudo, por favor
contacte-me através do up201505892@fe.up.pt. Agradego desde ja a sua
colaboragéo. *

D Compreendo e aceito.



Qvida+ Decisio Support System - Validation Questionnaire

A suaidade *

A sua resposta

O seu sexo

(] Feminino
(] Masculino
(] outro
(] outra:

Habilitagdes Literarias

Ensino Béasico
Ensino Secundario
Ensino Superior
Outro

Outra:

O0000

59



60

Qvida+ Decisio Support System - Validation Questionnaire

Trabalha na Area da Saude? *

O sim
O Nao
O Outra:

Apbs interagir com o sistema, como administrador, indique a sua experiéncia
relativamente as funcionalidades do mesmo. *

Consegui criar
pacientes

Conseguir criar
médicos

Consegui criar
usudrios

Consegui certificar
usudrios associando-
0 a um médico via
username

Consegui agendar
consultas

Consegui visualizar e
interagir com a lista
de pacientes no
sistema

N&o consegui

O

O

Tive algumas
dificuldades

O

O

Consegui facilmente

O

O



Consegui visualizar e
interagir com a lista
de médicos no
sistema

Consegui visualizar e
interagir com a lista
de consultas no
sistema

Qvida+ Decisio Support System - Validation Questionnaire

Ap0ds interagir com o sistema, como usudrio certificado, indique a sua opinido
relativamente as funcionalidades do mesmo. *

Consegui agendar
consultas

Consegui criar
pacientes

Consegui visualizar e
fazer pesquisas na
lista de pacientes no
sistema

Consegui visualizar e
fazer pesquisas na
lista de consultas no
sistema

Consegui
adicionar/editar e
visualizar dados
clinicos do paciente

N&o consegui

O
O

Tive algumas
dificuldades

®)
O

Consegui facilmente

®)
O
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Consegui
adicionar/editar e
visualizar dados
relativamente a
ciclos de
quimioterapia do
paciente

Consegui
adicionar/editar e
visualizar dados
relativamente a
sessdes de
radioterapia do
paciente

Consegui
adicionar/editar e
visualizar dados
relativos aos
questiondrios de
QdVRS

Consegui visualizar
as tabela de dados
relativas a cada um
dos questiondrios de
QdVRS(Sf-36 e
Fact_lym)

Consegui visualizar e
interagir com o
grafico apresentado
para cada um dos
questionarios de
QdVRS (sf-36 e fact-

lym)

Qvida+ Decisio Support System - Validation Questionnaire



Qvida+ Decisio Support System - Validation Questionnaire

Consegui visualizar a
tabela e o grafico
relativos as medidas
biométricas HRV

Consegui
adicionar/editar e
visualizar dados
relativos as medidas
biométricas HRV de
cada paciente

Consegui visualizar
informagao a partir
dos botbes "+ info"
na tabela de dados
relativa as medidas
biométricas HRV

Consegui visualizar a
tabela e o gréfico

relativos as medidas
biométricas de Sono

Consegui
adicionar/editar e
visualizar dados
relativos as medidas
biométricas do sono
de cada paciente

Consegui visualizar
informagao a partir
dos botdes "+ info"
na tabela de dados
das medidas
biométricas do Sono
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Consegui visualizar a
tabela e o grafico
relativos as medidas
biométricas da
Atividade Fisica

Consegui
adicionar/editar e
visualizar dados
relativos as medidas
biométricas da
atividade fisica de
cada paciente

Consegui visualizar
informagao a partir
dos botdes "+ info"
na tabela de dados
das medidas
biométricas da
Atividade Fisica

Consegui visualizar e
interagir com a
dashboard final
relativa a QdVRS total

Qvida+ Decisio Support System - Validation Questionnaire



Qvida+ Decisio Support System - Validation Questionnaire

Ap0s interagir com o sistema durante algum tempo, indique a sua opiniao geral
relativamente & usabilidade do mesmo

O Facil de usar
O Tive algumas dificuldades em interagir com o sistema
O Tive muitas dificuldades em interagir com o sistema

O Nao consegui interagir com o sistema

O Outra:

Indique a sua opiniao relativamente a utilidade do sistema

O Penso que é um recurso Util ao profissional de satide

O N&o é um recurso util ao profissional de saide

O Outra:

Indique a sua opinido relativamente a efetividade do sistema

O O sistema traz muitos beneficios pacientes
O 0 sistema traz alguns beneficios aos pacientes

O O sistema néo apresenta qualquer beneficio aos pacientes

O Outra:
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Enquanto paciente, indique a sua opinido relativamente & exposicédo de dados no
sistema

O Sentir-me-ia seguro relativamente a exposi¢do dos meus dados no sistema
O Tenho alguns receios relativamente a exposigao dos meus dados no sistema

O N&o me sentiria seguro relativamente a exposi¢do dos meus dados no sistema

O Outra:

Indique a sua opinido relativamente a visualizagado dos dados do paciente?

O Ainformacédo é apresentada de forma clara, e é facilmente perceptivel.
O Tive algumas dificuldades em perceber a forma como a informagéo é apresentada

O Ainformacédo ndo é apresentada de forma clara e é de dificil percepgéo

O Outra:



Appendix B

Machine Learning Algorithms research.

* Bayesian Network: this type of approach is ideal when trying to calculate the probabil-
ity of a cause given some observed evidence. Most problems of these type are complex
with many inter-related variables, and there might be several variables and even more po-
tential causes. In more technical ways Bayesian networks aim to model conditional de-
pendence, and therefore causation, by representing conditional dependence by edges in a
directed graph. Through these relationships, one can efficiently conduct inference on the
random variables in the graph through the use of factors. They can be used for a wide range
of tasks including prediction, anomaly detection, diagnostics, automated insight, reasoning,

time series prediction and decision making under uncertainty [90].

* Tree Based Models: Tree based algorithms empower predictive models with high ac-
curacy, stability and ease of interpretation. Methods like decision trees, random forest,
gradient boosting which are tree based models are becoming very popular among the data
science community. These strategies are mostly in classification problems. The decision
tree method, for instance, works for both categorical and continuous input and output vari-
ables. In this technique, the population or sample is split into two or more homogeneous
sets based on the most significant difference in the input variables. These algorithms don’t
require any statistical knowledge to read and interpret them and its graphical representation
is very intuitive. They are also very useful in data exploration since these models are one
of the fastest ways to identify most significant variables and relation between two or more
variables, which is also one of the goals in this stage of the project. These type of algo-
rithms don’t require as much data cleaning as some other modeling techniques since they’re
not influenced by outliers and missing values to a fair degree. Another big advantage, spe-
cially in this project, is that data type is not a constraint, so it can handle both numerical and

categorical variables [91].

* Support Vector Machine (SVM): is another popular algorithm for classification chal-
lenges. In the SVM algorithm, each data item is plotted as a point in n-dimensional space

(where n is number of features you have) with the value of each feature being the value of
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Machine Learning Algorithms research.

a particular coordinate. Then, the classification is made by finding the hyper-plane which
is basically the main differentiator between two classes. In other words, it means that given
a set of training examples, each marked as belonging to one or the other of two categories,
an SVM training algorithm builds a model that assigns new examples to one category or the

other, making it a non-probabilistic binary linear classifier [92].

K-means clustering: K-means clustering tries to partition the dataset into K pre-defined
distinct non-overlapping subsets which are the clusters, where each data point belongs to
only one group. It tries to make the intra-cluster data points as similar as possible while also
keeping the clusters as far as possible. It assigns data points to a cluster such that the sum of
the squared distance between the data points and the cluster’s centroid (arithmetic mean of
all the data points that belong to that cluster) is at the minimum. The less variation within

the clusters, the more homogeneous the data points are within the same cluster [93].
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