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CHAPTER 1

Inflammatory Bowel Diseases (IBD) such as Crohn’s disease (CD) and ulcerative colitis 
(UC) are chronic immunological digestive diseases with a progressive character and 
accompanied with considerable healthcare costs1,2. IBD is generally characterized by 
frequent abdominal pain and diarrhea with the disease state alternating between remission 
and exacerbation3. IBD affects nearly 3 million Americans, who frequently require medical 
therapy, surgeries, and hospitalizations4. The impact of IBD is not limited to the hospital, 
but extends to other aspects of life. While medical therapies, including biologicals, are 
effective at improving patients’ health outcomes and quality of life, many patients experience 
limitations in their daily lives. Studies have shown that a third of IBD patients felt their 
intimate relationships were negatively affected, a quarter of IBD patients felt it is problematic 
to maintain friends and two-third was worried about the availability of toilets when 
planning to attend an event5. In the workplace, IBD patients reported fatigue, irritability, 
and demotivation. Additionally, there is additional strain and burden when the impact of 
IBD extends onto their loved ones that act as their respective caregivers, an issue that is 
insufficiently studied and reported on in the literature. 

Furthermore, the impact of IBD is associated with significant healthcare costs, which can 
be categorized in two distinct components, direct costs and indirect costs. Direct costs 
represent the costs related with medical resource utilization, such as inpatient, outpatient, 
and pharmaceutical services. Indirect costs can be defined as the expenditures incurred 
from the termination or reduction of work productivity as a result of the morbidity and 
mortality associated with a given (chronic) disease6,7. The estimated annual disease-
attributable cost of IBD in the U.S. is estimated to be $6.3 billion2, which it estimated to be 
a 3-fold higher direct cost of care compared with non-IBD controls8, however most studies 
do not take indirect health costs in account and thus the impact of indirect costs in IBD 
warrants further research. 

The disease course of IBD is progressive; each relapse increases the risk of permanent 
gastrointestinal damage and complications, which cause morbidity, disability and high 
costs8. In order to prevent disease progression and their associated negative outcomes, 
prevention and early identification of relapses is crucial9–11. However, the disease course of 
IBD alternates between active disease and remission and thus makes reliable risk factors 
for adverse outcomes challenging to detect11. Discovering novel methods that can identify 
reliable risk factors for adverse outcomes such as relapses outside of the traditional hospital 
setting would help to better inform treatment of these volatile disease states and prevent 
negative outcomes and reduce the substantial costs associated with IBD12. 
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Innovation through the Triple Aim
U.S. payment models are undergoing a shift from fee for service models to capitated and 
performance based models. This will drastically change how we practice medicine and will 
require a robust conceptual framework to measure and improve quality.

These frameworks are warranted because while it is evident that innovative therapeutics 
have a positive effect on health outcomes, there is still a significant psychosocial and 
economic impact of IBD that is unaddressed. Early recognition of risks factors to avoid 
adverse outcomes of the disease and robust improvement of the patient experience outside 
the hospital setting are paramount. The patient experience includes the range of interactions 
that patients have with the health care system and includes several components of health 
care delivery that patients value highly such as easy access to information and clear 
communication with their care team13.

To facilitate quality improvements in care delivery through innovative solutions there needs 
to be a clear and robust framework and implementation of change for all different 
stakeholders is imperative in order to achieve success. Different solutions have been 
proposed such as innovation in care monitoring or implementation of eHealth. The impact 
of these solutions for healthcare providers, patients, caregivers and healthcare costs in IBD 
needs investigation.

Conceptually, different frameworks have been proposed such as the Triple Aim which 
consists of three objectives; improvement of the patient experience, improvement of health 
outcomes, and reduction of costs14. The Triple Aim has been developed by the Institute for 
Health care Improvement (IHI) to assist health care organizations to optimize their 
performance by using these three metrics. The Triple Aim is particularly applicable to 
long-term management of chronic illnesses, since increasing healthcare expenditures have 
been partially attributed to suboptimal management of chronic illnesses including IBD15. 
The estimated annual disease-attributable cost of IBD is $6.3 billion2. There is an 
opportunity to reduce cost by increasing the efficiency and quality of outpatient care and 
prevention of adverse outcomes16. 

It is imperative to understand how these proposed frameworks like the Triple Aim affect 
traditional IBD care management. Conventionally, the management of IBD is centered 
around the treatment of symptoms alone, but managing active disease states (flare-ups) is 
insufficient to halt disease progression completely17,18. Shifting to a more ‘proactive’ rather 
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than ‘reactive’ approach is pivotal19. Engaging and empowering patients to become active 
participants and stakeholders in their care management using novel approaches such as 
participatory and value-based care delivery models incorporating health technology and 
mobile applications may facilitate a more ‘proactive’ approach. Furthermore, these models 
may also be likely to be more successful in enhancing the patient experience and thus 
improve several key drivers of active disease, such as medication nonadherence and negative 
lifestyle factors20,21.

eHealth & Artificial Intelligence in Care Delivery
The literature shows there is a tremendous variability in the care delivery in IBD. It is 
important to note that an inverse relationship exists between variation in care and quality 
of care delivered to an individual22. By adhering to the Triple Aim objectives there is a great 
potential to standardize the delivery of care through eHealth, which could improve the 
quality of care. This process can happen through the concept of care pathways, which would 
define all the required activities and costs for a healthcare provider and the patient with a 
certain diagnosis for a set period of time, thereby standardizing the care delivered. For a 
care pathway to be effectively executed, engagement and empowerment of the patient is 
pivotal, especially outside the hospital setting. Innovative eHealth solutions can be the key 
to accomplish this and can be incorporated in the quest to achieve the Triple Aim objectives. 

eHealth and Artificial Intelligence are becoming increasingly more important. When 
looking at the advancement of technology in healthcare, we are at the forefront of disruptive 
innovation through digital health that is predicted to transform healthcare and redefine 
personalized medicine23. Firstly, we see a rapid increase in the use of internet and mobile 
phone use, with 81% of adults in North America owning a smartphone24. Mobile health 
— the application of sensors, mobile apps, social media, and location-tracking technology 
to obtain data pertinent to wellness and disease diagnosis, prevention, and management 
— makes it theoretically possible to monitor and intervene whenever and wherever acute 
and chronic medical conditions occur25. 

In the U.S. over 40% of adults have two or more chronic conditions and when looking at 
health expenditures, chronic conditions account for 71% of all health care costs26,27, the 
potential and the opportunity for eHealth as a solution is alluring. As there is a rapid 
expansion in the multitude of ways data is collected with the introduction of electronic 
medical records, healthcare is presented with the challenge to leverage this opportunity to 
optimize the experience for providers and patients and to decrease costs. IBD is one of 
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many chronic diseases that could benefit from eHealth, adding smartphone applications 
to the toolbox for care management has the potential improve disease understanding, 
enhance medication adherence, improve patient-physician communications, and for earlier 
interventions by medical professionals when problems arise28. 

Furthermore, the accessibility to Big Data and increased computational resources have 
paved the way for Artificial Intelligence (AI) to provide potential solutions for the 
management of prototypical complex diseases with advanced heterogeneity and alternating 
disease states, including IBD. AI algorithms may revolutionize practices for 3 major players 
in healthcare: clinicians, where it facilitates rapid diagnoses and decision making; health 
systems, where it may minimize inefficiencies and generate predictions for resource 
utilization; and patients, where it may enable them to self-monitor their health29.  Despite 
many claims, the actually feasibility of AI solutions for IBD is still unclear and the role of 
eHealth in the care delivery process warrants further investigation. 

Outline of this thesis

This thesis consists of three parts. In the first part we assessed the current economic and 
psychosocial impact of IBD by assessing its effect on indirect costs, productivity and 
caregiving. In the second part we assess if we can proactively identify IBD patients’ needs 
using eHealth and Artificial Intelligence. Lastly, in the third part we analyze the impact of 
monitoring IBD patients using eHealth interventions in order to facilitate the delivery of 
high-value care. 

PART I: The need for Innovation due to the Economic and Psychosocial Impact 
of IBD

Patients with a chronic conditions like IBD regularly have a decrease in their work 
productivity30, which is described as either absenteeism or presenteeism. Absenteeim is 
time missed from work due to disease and presenteeism is decreased productivity at the 
workplace due to the disease. The impact of impaired productivity on healthcare 
expenditures is significant. It was reported that 76% of medical costs in chronic diseases 
are due to indirect medical costs, of which 83% (63% of total costs) is due to presenteeism31. 
Studies estimating indirect costs in the U.S. did not take presenteeism into account, 
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therefore, in Chapter 2 we assessed IBD work related problems in a prospective, high 
volume single-IBD center study and we aimed to quantify presenteeism; determine its 
associated costs and generate recommendations to reduce presenteeism and thus lower 
indirect costs related to IBD.
 
Furthermore, the high strain of IBD is not limited to patients but also impacts their 
caregivers. Caregiver burden is described as the emotional, physical, practical, and/or 
financial burden associated with taking care of a patient with a chronic condition. An 
informal caregiver, usually a family member or spouse, aids the care-recipient with their 
medication, post-operative wound dressing, and transport to the clinic32. Chapter 3 
investigated the burden of IBD on caregivers and their work productivity. 

PART II: Identifying IBD Patients’ Needs using eHealth and Artificial Intelligence

Electronic health (eHealth) interventions are one solution for more effective IBD care 
management beyond the clinical setting, both in terms of patient outcomes and cost 
reduction. Smartphone applications are widely available for consumers, and the large 
population of smartphone users make apps useful tools to manage chronic illnesses like 
IBD33. In fact, smartphone devices with mobile applications and short message reminders 
have been used effectively by patients with IBD of mild to moderate severity34.

A major challenge in chronic disease management is medication non-adherence. In the 
US, about 117 million adults have at least one chronic disease35 and 50% do not take their 
medications as prescribed36. For IBD, one study showed a non-adherence rate of 33%, of 
which 34% experienced at least one relapse after stopping treatment37. The resultant indirect 
and direct healthcare costs of non-adherence in chronic diseases are estimated to be 
between $100 billion and $300 billion annually in the US38. Chapter 4 aimed to develop a 
brief screening tool to identify non-adherence levels and reasons for non-adherence in IBD 
for potential use in remote monitoring through eHealth applications. 

The development of healthcare technologies driven by Artificial Intelligence (AI) is expected 
to see a growth of over $10 billion in just the next 5 years39. The opportunities to construct 
new strategies and technologies that can assist healthcare providers and patients in their 
care management are rapidly growing, as demonstrated by the vast amount of financing 
that is going into businesses that use AI for healthcare40. In fact, one novel role that AI may 
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fill in IBD management is via medical chatbots, which strive to simulate natural 
conversations with a human user using natural language processing (NPL) methods 41. 
Chatbots can improve healthcare delivery by increasing access to care beyond inpatient 
consultations and at patients’ convenience and homes. Popular diagnostic chatbots have 
been used, but the role of chatbots in IBD is still being investigated42.  Chapter 5 aimed to 
elucidate the feasibility of chatbots in IBD care management by categorizing large datasets 
of electronic communications between patients and care providers using NLP. 

With the explosive amount of Electronic Medical Records (EMRs), having doubled in size 
since 2005, studying patient data is easier now than in any previous era40,43. By taking full 
advantage of these Big Data repositories such as EMR data, insurance claims data, and 
other forms of patient information (e.g. wearables, microbiome/genetic testing, e-health 
applications, imaging), data driven treatment plans targeted at the disease- and individual 
level could be produced. In Chapter 6 we assessed the feasibility and performance of various 
AI models in early prediction of adverse outcomes for IBD patients, including IBD-related 
surgeries, using Big Data, in this case consisting of large private insurance claims. 

PART III: eHealth to Facilitate the Delivery of High-value Care in IBD

Despite innovations in therapeutics for inflammatory bowel disease (IBD)44, up to 15% of 
ulcerative colitis (UC) patients will undergo surgery within 20 years of diagnosis and nearly 
50% of Crohn’s disease (CD) patients within 10 years of diagnosis45,46. Frequent monitoring 
is necessary for early discovery of relapse and complications given the complexity of IBD 
and risk of disease progression after surgery. In Chapter 7 we developed a care pathway 
for IBD-related surgery, designed to tightly monitor patients at home after discharge using 
telemonitoring tools in order to improve the patient experience and to decrease 
postoperative readmissions and complications. 

Furthermore, in Chapter 8 we developed and evaluated UCLA eIBD, a mobile application 
with various components such as appointment reminders and medication trackers in 
addition to a healthcare provider portal. UCLA eIBD seeks to empower patients to self-
manage their IBD by increasing their access to healthcare providers through the app  and 
providing self-help educational modules. The application also monitors disease activity, 
quality of life, and work productivity using validated questionnaires. These eHealth tools 
allow healthcare providers to monitor patients and to take preemptive measures if required 
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and to enhance patient outcomes by including direct connections to a healthcare team and 
extensive supportive module options. 
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