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Abstract
PURPOSE: The aims of the study were to (i) determine whether the 10-item or 25-

item Connor-Davidson Resilience Scale (CD-RISC) was a valid measure of resilience in
people with inflammatory bowel disease (IBD); (ii) understand the differences in health-
related quality of life (HRQOL), physical activity, sitting, and resilience levels among IBD
disease states (i.e., disease remission versus disease flare) and healthy controls; and (iii)
explore the associations among differing intensities of physical activity, resilience, and
HRQOL in people with IBD. METHODS: IBD participants (n = 242) and healthy controls (n
= 265) completed an online survey measuring physical activity, sitting, resilience, and
HRQOL levels using previously validated surveys. Confirmatory factor analysis, analysis of
covariance, and multiple regression were used to address the aims of the study. RESULTS:
The 10-item CD-RISC was found to be a more valid measure of resilience in people with IBD
than the 25-item instrument. HRQOL was lower in both IBD groups compared to healthy
controls with IBD-flare participants exhibiting the lowest levels of HRQOL. Physical activity
levels were higher in healthy controls than people with IBD, with no differences between
disease states. There were no differences in time spent sitting across groups. Moderate-to-
vigorous physical activity (MVPA) and walking were independently associated with physical
but not mental HRQOL. Participants with higher levels of activity reported higher levels of
physical HRQOL. CONCLUSIONS: People with IBD have lower HRQOL, physical activity,
and resilience levels compared to healthy controls but with no differences in time spent
sitting. Furthermore, HRQOL was negatively impacted by a disease flare but disease state did
not affect physical activity or resilience levels. Walking and MVPA were independently

associated with physical but not mental HRQOL and participants with higher levels of activity



reported higher levels of physical HRQOL. Future research is warranted to investigate these

findings using objective measures of physical activity and sitting.
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Chapter One: Introduction

Inflammatory bowel disease (IBD) is a debilitating autoimmune disease, affecting the
gastrointestinal tract that collectively refers to Crohn’s disease and ulcerative colitis. IBD
provides challenges to the patient, physician, gastroenterologist, and researchers alike, in that
there is not a definitive cause or cure for the disease; however, it is known to affect more than
3.6 million people in Europe and the United States (Loftus, 2004; Molodecky et al., 2012). It
is believed that a combination of genetic and environmental factors contributes to the onset of
IBD. El Sayed (2013) suggested that IBD occurs in response to environmental triggers, such
as infections, medications, or other agents, in individuals who are genetically susceptible to
immunological disease.

IBD is commonly recognized by symptoms such as weight loss, gastrointestinal
bleeding, bloody diarrhea, abdominal pain, and intestinal obstructions. Although commonly
referred to as the collective term IBD, ulcerative colitis and Crohn’s disease have distinctly
different disease mechanisms while exhibiting similar symptoms (Podolsky, 2002). In
ulcerative colitis, the inflammation is limited to the colon whereas in Crohn’s disease it can
occur at any position along the gastrointestinal tract from the mouth to the anus (El Sayed,
2013; Mulder, Noble, Justinich, & Duffin, 2014). Onset of IBD usually occurs between the
ages of 15 and 30 years (Bernstein, Rawsthorne, Cheang, & Blanchard, 2006). With no
current cure for IBD, many patients will live with a decreased quality of life from a young
age.

Previous research suggests that patients with IBD have a decreased health-related
quality of life (HRQOL) because of the severe and debilitating nature of the disease

(Moradkhani, Beckman, & Tabibian, 2013). Ghosh & Mitchell (2007) found that more than



half of patients have flare-ups of their disease at least every few months. Further, more than
75% of patients report that their leisure activities are affected, particularly during flare-ups.
Understandably, HRQOL is influenced by clinical symptoms, disease severity, surgical
interventions, and extraintestinal manifestations in IBD patients (Hjortswang et al., 2003). In
terms of managing treatment of IBD, maintenance and improvement in HRQOL is becoming
an increasingly important goal for patients and health-care professionals.

One of the most influential and cost-effective coping strategies to improve HRQOL in
chronic disease patients is physical activity (Frazier, 2000; Westerhuis, Zijlmans, Fischer, van
Andel, & Leijten, 2011). However, the knowledge about the beneficial effects of physical
activity on IBD disease severity, management, and HRQOL is limited. Many physicians do
not recommend physical activity to patients with IBD for the fear of symptom exacerbation
(Ng, Millard, Lebrun, & Howard, 2007); yet a small number of studies suggest low to
moderate physical activity is safe for patients with this disease (Packer, Hoffman-Goetz, &
Ward, 2010). Furthermore, studies suggest that IBD patients may benefit from exercise
particularly in relation to extraintestinal manifestations of the disease such as osteoporosis,
fatigue, and anemia (Narula & Fedorak, 2008), though the research is limited. Research
suggests that physical activity may offer an avenue to improve HRQOL in IBD patients,
particularly the psychological factors, without causing disease exacerbation. However, there is
no established mechanism underlying the physiological benefits of physical activity as well as
a lack of knowledge of the ability to tolerate higher intensities of physical activity in IBD
patients (Bi & Triadafilopoulos, 2003).

Another factor for consideration in terms of improving HRQOL in IBD patients is the

psychological construct, resilience. Resilience has recently received attention from



researchers investigating the levels of resilience experienced by patients with chronic diseases
such as type 2 diabetes, human immunodeficiency virus (HIV), and cancer (Carver, 2005;
Farber, Schwartz, Schaper, Moonen, & McDaniel, 2000; Yi, Vitaliano, Smith, Yi, & Weinger,
2008). It is believed that patients who score higher on a resilience scale are more likely to
perceive change and stress in a positive manner, particularly in terms of personal growth,
whereas those who are rated lower on resilience scales tend to perceive similar situations as a
threat (Carver, 1998). Additionally, studies have previously reported that patients with higher
levels of resilience also have improved physiological symptoms of their diseases and HRQOL
(Richardson, 2002; Steinhardt, Mamerow, Brown, & Jolly, 2009).

No research has yet been conducted with resilience in IBD patients, though research
on irritable bowel syndrome, a functional disorder of the large intestine that is less destructive
than IBD, has shown that patients with the illness score higher in neuroticism and thus lower
in resilience (Zarpour & Besharat, 2011). Interestingly, previous research has shown that
irritable bowel syndrome patients tend to catastrophize more than IBD patients, suggesting
that we cannot make any assumptions that the two groups of patients would score similarly on
a resilience scale. This highlights the need for research to be developed in IBD patients in

terms of disease and HRQOL management and improvement.

Need for the Study

With the growing prevalence of IBD in countries that are adopting a Western lifestyle,
as well as the lack of a known cure for these debilitating diseases, interventions are needed to
improve the HRQOL of these patients. The individual patient costs of IBD are staggering with

an annual cost of $19,000 for Crohn’s disease and $15,000 for ulcerative colitis, neither of



which include any costs for surgical interventions, which typically cost upwards of $40,000
each time (Crohn’s and Colitis Foundation of America, 2014). However, even following
expensive surgery and medical therapies, the HRQOL of IBD patients typically does not
improve, and thus there is a need for different HRQOL management techniques.

Over the last decade there has been a focus within the exercise science field on the
concept of ‘exercise is medicine’. Research has found exercise to be beneficial for
management of disease severity and HRQOL in cardiovascular disease and type 2 diabetes
(Warburton, Nicol, & Bredin, 2006). Although much research supports the link between
exercise and HRQOL in metabolic and cardiovascular diseases, findings are equivocal in
terms of the benefits of exercise on HRQOL in IBD patients. In addition, the psychological
concept of resilience is receiving increased attention in the health literature as a mechanism
for improved HRQOL and disease management in cancer (Carver, 2005), cardiovascular
disease (Kubzansky, Sparrow, Vokonas, & Kawachi, 2001), diabetes (Steinhardt et al., 2009),
and HIV (Farber et al., 2000). However, research has not studied the relationships between
resilience and HRQOL in IBD patients.

Therefore the significance of the current research is to provide meaningful conclusions
about the relationships between physical activity and resilience on HRQOL in patients with
IBD. This study should provide IBD patients with insight as to the benefits of physical
activity and higher levels of resilience on HRQOL. In addition it will provide a solid
foundation for further research to be conducted upon, particularly in terms of physical activity

interventions and resilience training in IBD patients.



Objective and Purpose Statement

The objective of this cross-sectional, internet-based survey research study was to

explore the relationships among physical activity, resilience, and HRQOL in a worldwide

cohort of IBD patients.

There were three purposes of this study:

To validate the CD-RISC survey in a cohort of participants with IBD.

To investigate differences in HRQOL, resilience, and physical activity between
participants with IBD and healthy controls.

To characterize the relationships among HRQOL, physical activity, and resilience in

participants with 1BD.

Research questions.

1.

Is the 10-item or 25-item CD-RISC survey a more valid representation of resilience in
participants with IBD?

Are there differences in total, physical, and mental HRQOL between IBD and healthy
control participants?

Are levels of resilience different between IBD and healthy control participants?

Are physical activity levels (energy expenditure, time in sedentary behavior, and time
in moderate-vigorous physical activity) different between IBD and healthy control
participants?

Are physical activity levels related to HRQOL in IBD participants?

Avre levels of resilience related to HRQOL in IBD participants?

Do resilience and physical activity have more of an effect on one aspect of HRQOL,

(i.e. psychological functioning), than the other aspects in IBD participants?



8.

Do resilience mediate the relationship between physical activity and HRQOL in IBD

participants?

Hypotheses.

1.

Both the 10-item and 25-item CD-RISC survey will be a valid representation of
resilience in IBD participants

IBD participants will report lower overall scores of HRQOL on the Short Form-36
when compared to healthy control participants.

IBD participants will report different levels of resilience on the CD-RISC when
compared to healthy control participants.

IBD participants will report similar levels of physical activity on the short-form
International Physical Activity Questionnaire when compared to healthy control
participants.

Physical activity levels will be correlated with levels of HRQOL in IBD participants.
Resilience levels will be correlated with levels of HRQOL in IBD participants.
Resilience levels will be correlated with mental functioning for HRQOL, whereas
physical activity levels will be correlated with levels of physical functioning for
HRQOL in IBD participants.

Physical activity levels will be correlated with levels of HRQOL, and resilience levels

will mediate this relationship.

Independent and dependent variables.

The independent variables will include the two groups of participants, (i.e. IBD and

healthy control participants).

The dependent variables will include:



e Overall HRQOL

e Physical health component of HRQOL

e Mental health component of HRQOL

e Total physical activity

e Time in sedentary behavior

e Time in moderate-vigorous physical activity

e Resilience

Delimitations and Limitations

Delimitations of the current study include the geographical location of participants,
(i.e. the United States, United Kingdom, and Canada), as well as being limited to English-
speaking patients with IBD or healthy controls. Data collection is also limited to online survey
responses.

A major limitation within the present study were the measures being collected.
Physical activity was being measured through the short-form International Physical Activity
Questionnaire, a validated instrument, but as with all survey instruments is known to
overestimate physical activity in comparison to objective measures such as pedometers or
accelerometers. Similarly, resilience and HRQOL are both latent constructs and thus we are

measuring them through instruments rather than direct measures.



Definitions
Cytokine — A cytokine is a protein that is released by cells and has a specific effect on the
communication, interaction, or behavior of cells. Cytokines include interleukin-6 and tumor

necrosis factor-alpha which trigger an inflammatory response in cells.

Extraintestinal Manifestations — Extraintestinal manifestations are symptoms and diseases
associated with IBD that occur outside of the gastrointestinal tract and can include but are not
limited to osteoporosis, anemia, ankylosing spondylitis, psoriasis, arthritis, and chronic

fatigue syndrome.

Fistulas — A fistula is an abnormal connection between an organ, vessel, or other structure.
Usually fistulas occur in the wall of hollow/tubular organs. In particular in IBD, fistulas occur

in intestinal wall connecting one loop of the intestine to another or to the surface or skin.

Host Immune Response — The host immune response is the response of the immune system of

the individual in reaction to a foreign substance, (i.e., antigen).

Monozygotic Twin Concordance Rates — Monozygotic twins are twins that are derived from
one zygote and developed into two independent growing cells and thus two individuals of the
same sex and genetic construction. Concordance refers to the probability of a certain
characteristic being present in a pair of individuals, given that one of the pair has the
characteristic. Therefore, monozygotic twin concordance rates are the probability of IBD

occurring in a monozygotic twin if the other twin already has the disease.



Skip Lesions — A skip lesion is inflammation of the intestines that is patchy and misses areas

that are left unharmed.

Strictures — A stricture of the intestine, also known as a stenosis, is a narrowing of the
intestine or any part of the gastrointestinal tract. Severe strictures can cause a blockage of the

intestines and often lead to scarring of the tissue.

Transmural Inflammation — Transmural inflammation means that the inflammation occurs
along the entire thickness of the intestinal wall, leading to thickening of the wall. Transmural
inflammation is common in Crohn’s disease, whereas in ulcerative colitis the inflammation is

only present in the mucosal layer of the intestine.
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Chapter Two: Literature Review

Inflammatory bowel disease (IBD) is a term used to describe a group of diseases that
occur in the gastrointestinal tract, including Crohn’s disease and ulcerative colitis. Prevalence
estimates of IBD include approximately 1.4 million people in the United States (Molodecky et
al., 2012) and 2.2 million people in Europe (Loftus, 2004), with more than 600,000 people in
the United Kingdom (Crohn’s and Colitis UK, 2014). Canada has the highest prevalence of
IBD with 1 in every 150 people currently living with the disease (Crohn’s and Colitis
Foundation of Canada, 2012), with no real understanding of the underlying cause of these
diseases. The occurrence of IBD has increased in Europe and the United States in the latter
part of the 20" century with it becoming more common in the rest of the world as other
countries begin to adopt a more Western lifestyle (Loftus, 2004).

Ulcerative colitis and Crohn’s disease are both relapsing and remitting disorders
characterized by chronic inflammation of the gastrointestinal tract, in particular the distal
ileum and/or the colon (Podolsky, 2002; Shanahan, 2012). Although both ulcerative colitis
and Crohn’s disease are collectively referred to as IBD, the two diseases have been shown to
be distinct and histopathologically different from one another but share many of the same
signs and symptoms (Lennard-Jones, 1989; Podolsky, 2002). Ulcerative colitis was the initial
sub-classification of IBD to be considered as a distinct entity. It was first termed as ulcerative
colitis in 1859 by Sir Samuel Wilks and was further accepted as a disease by the Royal
Society of Medicine in London in 1909 (Mulder et al., 2014).

Ulcerative colitis is a disease of mucosal inflammation that is limited to the colon with
symptoms such as bloody diarrhea, rectal tenesmus, and abdominal discomfort (Kornbluth &

Sachar, 2010). Over the last half of the century there have been more than a thousand articles
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published that have studied the immunology and biology of ulcerative colitis. The most
predominant theory of the cause of ulcerative colitis is an autoimmune reaction following a
immunological response to unknown bacteria in the colon (Hanauer, 2004). Furthermore, it
has been found that the cytokine tumor necrosis factor alpha (TNF-alpha) plays a major role
in the ulcerative colitis inflammatory process (Mulder et al., 2014).

In 1932, Crohn’s disease was recognized as separate disease to ulcerative colitis
(Crohn, Ginzburg, & Oppenheimer, 1932). Crohn’s disease is described as a disease of
transmural inflammation with skip lesions involving any part of the gastrointestinal tract from
‘gum-to-bum’ (Mulder et al., 2014). Crohn’s disease often results in the formation of fistulas
and strictures within the bowel or bladder (Bernstein et al., 2006; Bilski, Mazur-Bialy,
Wierdak, & Brzozowski, 2013; Carter, Lobo, & Travis, 2004). Recent research has suggested
that pro-inflammatory cytokines interleukin-6 (IL-6) and TNF-alpha are related to the
intestinal inflammation that is inherent to Crohn’s disease (Lee, Radford-Smith, & Taaffe,
2005). This relationship is less understood than with ulcerative colitis possibly due to the
transmural nature of the inflammation in Crohn’s disease.

It is commonly accepted in the IBD literature that a combination of environmental
factors and a genetic predisposition lead to the development of Crohn’s disease or ulcerative
colitis (El Sayed, 2013; Narula & Fedorak, 2008). It is believed that the immunological
response that occurs in the gastrointestinal tract results from an excessive host immune
response towards the gut microbiota in genetically susceptible individuals (Leone, Chang, &
Devkota, 2013). Recent studies have discovered an increase in IBD prevalence in different
ethnicities, (i.e. Asian populations), that are adopting a Western lifestyle (Zhou, Ren, Irvine,

& Yang, 2009). A parallel 33% decrease in the percentage of identical twins both being
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diagnosed with IBD (monozygotic twins concordance rates) (Cosnes, Gower-Rousseau,
Seksik, & Cortot, 2011), suggests that environmental factors play an increasing role in the
pathogenesis of the disease, rather than a reliance of genetic predisposition.

Disease onset can occur at any age and is known to typically peak between the ages of
15 and 30 years. Another peak in disease onset occurs later in life at 50 — 70 years of age
(Andres & Friedman, 1999; Bernstein et al., 2006; Hanauer, 2006). With the lack of a known
cure the onset of this disease at such a young age can cause lifelong illness (Carter et al.,
2004). The disease can be further complicated by resultant weight loss, surgical interventions,
medical therapies, and the diagnosis of extraintestinal manifestations (Otto et al., 2012).
Extraintestinal manifestations are symptoms or problems that occur outside of the intestines
such as osteoporosis, ankylosing spondylitis, and anemia (Bi & Triadafilopoulos, 2003). The
major symptoms of IBD are diarrhea, abdominal pain and cramping, gastrointestinal bleeding,
reduced appetite and malnutrition, weight loss, and fatigue all of which can significantly
impact the life of patients with this disease (Casati & Toner, 2000; Husain &
Triadafilopoulos, 2004; Sewitch et al., 2001).

de Rooy et al. (2001) surveyed IBD patients and found that concerns about loss of
bowel control, production of unpleasant odors, feeling dirty or smelly, and issues with sexual
relationships were ranked as the highest concerns for both ulcerative colitis and Crohn’s
disease. Furthermore, a high number of symptoms have been reported in IBD with 69% of
patients reporting symptoms flare-ups at least every few months, while 75.6% of patients have
reported that symptoms affect their ability to enjoy leisure activities (Ghosh & Mitchell,
2007). Due to the cyclical nature of the disease, IBD is characterized by a series of

exacerbations followed by periods of remission, with 25 — 50% of patients relapsing within 12
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months (Husain & Triadafilopoulos, 2004; Sewitch et al., 2001). In order to reduce the
symptom impact of IBD, many patients participate in complex medical therapies, including
steroids, immunosuppressants, and anti-inflammatory medications (Otto et al., 2012). Surgical
interventions are also common in both ulcerative colitis (20 — 30% of patients) and Crohn’s
disease (70 — 80%) (Carter et al., 2004).

With the high prevalence of IBD in Western countries such as the United States,
United Kingdom, and Canada, and no currently known cure for this debilitating disease, the
primary therapeutic goal is to induce long-term remission. Furthermore, it has been
recognized that even in long-term remission, patients may not be asymptomatic or enjoy a
high health-related quality of life (HRQOL). In fact, it is suggested that HRQOL is reduced in
symptomatic patients and those who are in remission (Martin, Leone, Fries, & Naccarato,

1995; Naliboff et al., 2012).

Health-related Quality of Life and Inflammatory Bowel Diseases

Injury to the gut wall and subsequent symptoms of distress significantly impact on the
HRQOL of IBD patients (Casati & Toner, 2000; Husain & Triadafilopoulos, 2004; Sewitch et
al., 2001). The cyclical nature of IBD, partnered with the long-term complications of the
disease, as well as the emotional and social burdens can have a negative impact for patients on
a number of different levels (Casellas, Lopez-Vivancos, Casado, & Malagelada, 2002). One
of the most commonly recognized levels is HRQOL (Moradkhani et al., 2013).

HRQOL has been defined as a multidimensional concept, which incorporates the
physical, emotional, and social features of health perception and functioning (Irvine, 1997,

van der Eijk, Stockbrugger, & Russel, 2000). In IBD patients there are a number of factors
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that negatively affect HRQOL including abdominal discomfort, rectal bleeding, diarrhea,
fecal urgency, impaired appetite, need for long-term medication use, and hospitalization or
surgery (van der Eijk et al., 2000). Therefore it is not surprising that patients with IBD have
been reported to experience poor HRQOL in comparison to healthy controls (Verma, Tsai, &
Giaffer, 2001).

Moradkhani et al. (2013) found that individuals with IBD who reported high perceived
stress, low perceived social support, and a high number of previous relapses, and who were
female reported low HRQOL scores. Previous research has also found that clinical symptoms,
severity of disease, surgical intervention, disease recurrences per year, and extraintestinal
manifestations are consistently associated with HRQOL in IBD (Casellas, Lopez-Vivancos,
Badia, Vilaseca, & Malagelada, 2000; Casellas, Lopez-Vivancos, Vergara, & Malagelada,
1999; Hjortswang et al., 2003). Furthermore, HRQOL can be influenced by socio-
demographic, clinical, psychological, and treatment-related factors (Cohen, 2002; Sainsbury
& Heatley, 2005).

Cohen (2002) found that HRQOL was impaired in Crohn’s disease patients with
clinically active disease. Furthermore, disease activity and surgical interventions were
negatively correlated with HRQOL (Cohen, 2002). In addition, others have consistently
shown that the HRQOL of patients with clinically active IBD was significantly lower in
comparison to the HRQOL of those IBD patients in remission (Andersson, Olaison, Bendsten,
Myrelid, & Sjodahl, 2003; Bernklev et al., 2005, 2006; Casellas, Lopez-Vivancos, Badia,
Vilaseca, & Malagelada, 2001; Casellas et al., 2002; Guthrie et al., 2002; Zhou et al., 2009).

With the knowledge that HRQOL is diminished in patients with IBD, the European

Federation of Crohn’s and Ulcerative Colitis Associations (EFCCA) was established in 1995.
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The EFCCA has the goal to improve the well-being of patients with IBD and their partners
and families. One of the most important aspects of the mission of the EFCCA is the
promotion of improving HRQOL for IBD patients. It has been discussed that a patient’s
coping strategy and response to the stressors of IBD may be an important determinant of
HRQOL as well as psychiatric comorbidity and disability (McCombie, Mulder, & Gearry,
2013), suggesting that the work of EFCCA and current research in this field is of utmost
importance to improving the lives of people with IBD.

The research into the predictors of HRQOL in IBD and the solutions to the impaired
HRQOL is somewhat sparse (Moradkhani et al., 2013). However, throughout all chronic
diseases, the management of HRQOL is becoming increasingly important as a treatment goal.
Research by van der Have et al. (2014) found that HRQOL was consistently impaired in
Crohn’s disease patients by work disability, increased disease activity, number of relapses,
and hospitalization rates; however medical therapies were significantly associated with an
improved HRQOL. In a cohort of Crohn’s disease patients, 57.5% of patients had undergone
surgical treatment with 87% of these patients reporting that their HRQOL improved following
surgery (Ghosh & Mitchell, 2007). However, it is interesting to note that 69.3% experienced a
recurrence of symptoms and more than a quarter of patients experienced serious
complications which negatively impacted HRQOL (Ghosh & Mitchell, 2007). These findings
suggest that HRQOL is not a fixed concept but instead changes depending on the status of the
patient. In another study, patients with ulcerative colitis were reported to have a median
postoperative bowel frequency of six stools per 24-hour period (Daperno et al., 2004). Also at

least 10% of patients need one or more additional surgeries for treatment and complications
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(Daperno et al., 2004), suggesting that surgical interventions may not be the most effective
therapy to enhance an IBD patient’s HRQOL.

It seems that following a diagnosis of IBD, there is a general level of acceptance by
patients and physicians that the diagnosis will have a negative impact upon patients’ lives
(Ghosh & Mitchell, 2007). This often has a significant impact on the mental health of patients
with IBD, particularly in terms of diagnoses of depression and anxiety (Bitton et al., 2003;
Levenstein et al., 2000). There is also research suggesting that long-term perceived stress and
symptoms of depression increase with disease-activity and risk of relapse (Bitton et al., 2003;
Levenstein et al., 1993, 2000; Mittermaier et al., 2004), associated with the cyclical nature of
the disease. The measurement of HRQOL in IBD patients allows researchers and/or
physicians to reflect on the patient’s perception of their health and quantify the broader
impact of the disease and/or therapy upon patients’ lives, as well as providing guidance for
the management of the disease (Zahn, Hinz, Karner, Ehehalt, & Stremmel, 2006).

The ability to address perceived psychological factors associated with mental health in
IBD is important for two main reasons: (1) to decrease the impact of the illness on HRQOL—
and (2) to decrease the effects of the illness on treatment compliance and health care
utilization (Kennedy et al., 2004; Waters, Jensen, & Fedorak, 2005). This highlights the
importance of finding an approach to improve HRQOL in patients with IBD. A number of
studies have evaluated non-pharmacological treatment approaches to improve mental well-
being and HRQOL in patients with IBD (Keller et al., 2004; Kennedy et al., 2004; Larsson et
al., 2003; Maunder & Esplen, 2001; Waters et al., 2005), including physical activity (Ng et
al., 2007). Physical activity may be an effective coping strategy for patients with 1BD to

improve their HRQOL, particularly when considering the relationship in terms of the
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Common Sense Model of Iliness (McCombie et al., 2013). The Common Sense Model of
IlIness proposes that a sick person’s psychological outcomes (i.e. HRQOL, anxiety,
depression), will be predicted by several factors, such as disease severity, illness perceptions,
and coping styles (McCombie et al., 2013). Coping in the Common Sense Model of Iliness
aims to diminish the physical, emotional, and psychological burden linked to chronic illness
(Snyder, 1999), and can help to reduce or even eliminate the distress caused by the preceding
factors in the model, (i.e. disease activity and illness perceptions) (Knowles, Wilson, Connell,
& Kamm, 2011; McCombie et al., 2013). It is possible that physical activity may be able to
act as a suitable coping strategy for patients with IBD in order to diminish the illness

perceptions or even the disease severity; however there is a paucity of research in this area.

Physical Activity and Inflammatory Bowel Diseases

The current exercise guidelines for patients with IBD are lacking due to the barriers to
exercise that these patients face. Additionally, there is a paucity of data on the type and
amount of physical activity that is beneficial for IBD patients. Ball (1998) produced
guidelines for IBD patients, suggesting 20 to 60 minutes of aerobic activity for two to five
days per week, and resistance training at least twice per week; however these guidelines were
based on the benefits of exercise for the general population. The British Society of
Gastroenterology developed general guidelines for IBD patients to address complications
such as osteoporosis. The guidelines advise patients to participate in at least some physical
activity and engage in active sports, such as soccer, fencing, and even football, to provide
additional benefits (Scott, Gaywood, & Scott, 2000). However, it is difficult to make more

detailed recommendations due to the unpredictable, changing nature of the disease, the
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symptoms associated with the disease, (i.e. pain, fatigue, and fecal incontinence) (Martin,
2011), and the minimal amount of research in this area. It has been suggested that low to
moderate physical activity is safe (Martin, 2011; Packer et al., 2010) and beneficial in IBD
patients (Narula & Fedorak, 2008). It is thought that exercise may also help prevent IBD
comorbidities such as colon cancer (Sellar & Courneya, 2011), with recent research
estimating that 5.3% of all colon cases in the UK were due to physical inactivity (Parkin,
2011).

There is some data to support that physicians do not recommend exercise to IBD
patients due to the fear of symptom exacerbation (Ng et al., 2007); however there is no
evidence to support exacerbation of symptoms with light to moderate exercise in IBD patients
(Nathan, Norton, Czuber-Dochan, & Forbes, 2013). This belief stems from healthy people
engaging in endurance exercise, such as marathon running, as there can be a number of
gastrointestinal issues, including nausea, gastric bleeding and ischemia, and ‘runners trots’,
which would all be detrimental to people with IBD (Sullivan & Wong, 1992). On the
contrary, there is some anecdotal evidence showing that IBD patients are able to participate in
high-intensity, competitive sport, such as American football, rowing, soccer, and rugby. This
suggests that there is the possibility for people with IBD to participate in physical activity
without exacerbating symptoms, and patients may even be able to participate safely in high-
intensity exercise; however, the research has not thoroughly investigated the safety and
benefits of exercise in this population.

In the last decade, the potential benefits of physical activity on disease severity and
HRQOL in IBD patients have been investigated; however, there is still very little data. Mack,

Wilson, Gilmore, & Gunnell (2011) found that only one in four IBD patients engage in
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recommended physical activity levels to achieve health benefits. The most commonly
reported activities in this cohort were walking and gardening with smaller proportions of both
Crohn’s disease and ulcerative colitis patients engaging in recommended physical activity
levels (17.9% and 21% respectively), than healthy controls (24.1%) (Mack et al., 2011). This
lack of physical activity is unsurprising with the notion that IBD patients have a reduced
capacity for exercise. Exercise capacity is reduced in pediatric IBD patients (Ploeger et al.,
2011), and research has shown similar findings in adult patients with Crohn’s disease (Otto et
al., 2012). With a reduced exercise capacity and lack of physical activity, there has been no
evidence to suggest that sedentary behavior is advised (Nathan et al., 2013).

Research suggests that acute exercise does not cause symptom exacerbation in IBD
patients. D’Inca et al. (1999) investigated the effects of a bout of physical activity on
symptom exacerbation and disease status in IBD patients. IBD patients and healthy controls
participated in a single 60-minute cycling session. The researchers found that there was no
change in intestinal permeability in either group, and no exacerbation of disease status was
observed in the IBD patients (D’Inca et al., 1999). Likewise, Ng et al. (2007) found that acute
aerobic activity performed between 40 and 60% of maximal oxygen consumption does not
have a significant effect on intestinal permeability. Research has also suggested that patients
with Crohn’s disease can walk an average distance of 3.5 km without experiencing any
exacerbation of symptoms (Loudon, Corroll, Butcher, Rawsthorne, & Bernstein, 1999).
Recently, a study by Ploeger et al. (2012) has provided promising research into the tolerance
of acute physical activity in pediatric patients with Crohn’s disease. It was concluded that
neither moderate exercise or high-intensity interval training caused significant increases in

immune markers or cytokine responses, and did not lead to any symptom exacerbation



20

suggesting that both moderate and high-intensity interval training may be safe exercise in
patients with Crohn’s disease (Ploeger et al., 2012).

Much of the research in the field of chronic physical activity and IBD has focused on
the effects of physical activity on HRQOL and extraintestinal manifestations. Loudon et al.
(1999) found that pre- and post- measures of HRQOL and stress levels were significantly
improved in IBD patients following a 3-month walking program. Loudon et al. (1999) found
significant improvements in HRQOL in patients with mild-activity or in-remission Crohn’s
disease following a 3-month walking program (three times per week at 60% of maximal heart
rate), in comparison to a non-exercising control group. Elsenbruch et al. (2005) conducted a
mind-body intervention, which included an exercise component, in a cohort of patients with
ulcerative colitis. Findings indicated significant improvements in HRQOL, particularly mental
health and psychological functioning, in comparison to the control group. A randomized,
controlled study examined the effects of a 12-month, low-impact exercise program on bone
mineral density in a cohort of patients with Crohn’s disease. Exercise significantly increased
bone mineral density in the hip and spine of patients with Crohn’s disease in comparison to
the control group (Robinson et al., 1998).

Regular physical activity is known to provide important health benefits to all of those
who engage in the recommended guidelines. These health benefits are largely due to the
reduction in risk of cardiovascular diseases, development of healthy bones and muscles, and
the positive effects on anxiety and depression. Yet the benefits of exercise on the
gastrointestinal system are still unclear. Exercise is believed to improve chronic constipation
and has also been shown to be protective against colorectal cancer; however, it may cause

nausea, diarrhea, abdominal cramps, and gastrointestinal bleeding (Sullivan & Wong, 1992).
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Research into the benefits of physical activity for IBD patients shows positive
attributes, with the ability to improve HRQOL, and reduce the negative impact of
extraintestinal manifestations, such as osteoporosis and anxiety/depression. The research has
also shown that physical activity does not exacerbate the severity of the disease or its
symptoms, though there is still a paucity of data in this area. In summary, light to moderate
physical activity can improve fitness in IBD patients as well as improving HRQOL,
particularly the psychological aspects, without exacerbating the disease itself. However there
are still many unanswered questions with regards to the ability of IBD patients to tolerate
higher intensities of exercise and the potential benefits this may have on HRQOL (Bi &

Triadafilopoulos, 2003).

Resilience and Inflammatory Bowel Diseases

It is accepted that individuals with IBD have a diminished HRQOL and one of the
main treatment goals for these patients is to increase HRQOL. A developing psychological
construct in the literature is resilience and the effect it can have on chronic illness and disease.
Resilience is the ability to ‘bounce-back’ from adversity, overcome challenges, and is
associated with positive growth (Earvolino-Ramirez, 2007). Resilience refers to an
individual’s capacity to maintain psychological and physical well-being in the face of
adversity (Yi et al., 2008). Current research details resilience as a multi-dimensional construct
including variables such as temperament and personality (Campbell-Sills, Cohan, & Stein,
2006). Connor & Davidson (2003) also personalized the concept of resilience by describing it
as the individual qualities that enable one to thrive in the face of adversity and a measure of

coping ability. Resilience has begun to receive interest from policy and practice in relation to
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its potential influence on health, well-being and HRQOL (Yazdi-Ravandi et al., 2013), as well
as being an important factor for the prevention of and ability to live with chronic pain (Smith
et al., 2009).

Individuals who are considered to be more resilient are more likely to perceive change
and stressful situations in a positive manner and as an opportunity for personal growth,
whereas individuals who lack resilience are more likely to perceive stressful situations as a
threat (Carver, 1998). Previous research has suggested that higher ratings of resilience have a
positive effect on perceived stress and are related to positive self-ratings of physical health
and symptoms in the general population (Soderstrom, Dolbier, Leiferman, & Steinhardt,
2000). Resilience has shown to be inversely related to depression and anxiety in a population
of university students (Beasley, Thompson, & Davidson, 2003).

Resilience was originally investigated as a psychological construct in childhood
development, particularly in the face of adversities such as child trauma and neglect (Rutter,
1985; Werner & Smith, 1992). However, more recently research has focused on the
associations between resilience and mental and physical illnesses, including physical
symptoms and HRQOL (Richardson, 2002). Resilience has been associated with decreased
disease susceptibility, improved disease outcomes, and better treatment management in a
myriad of chronic diseases, including cancer (Carver, 2005), HIV (Farber et al., 2000),
cardiac disease (Kubzansky et al., 2001), and diabetes (Yi et al., 2008). Findings from a
longitudinal study with cardiovascular disease patients indicated a positive correlation
between indicators of resilience (e.g., positive life orientation) and recovery from the disease
(Agarwal, Dalal, Agarwal, & Agarwal, 1995). In another study, self-care self-efficacy, a

closely linked trait to resilience, was investigated and found to be significantly and positively
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correlated with HRQOL as well as being negatively correlated with depression in stroke
patients (Robinson-Smith, Johnston, & Allen, 2000). A cross-sectional study of 200 patients
with HIV/AIDS found that higher resilience was related to lower distress, higher perceived
HRQOL in physical and mental functioning, and more positive personal beliefs (Farber et al.,
2000).

Interestingly, research has been conducted on the effects of resilience in patients with
type 2 diabetes showing that those with greater resilience had significantly better diabetes
self-management, hemoglobin-A1C levels, total cholesterol, and blood pressure
measurements (Steinhardt et al., 2009). Furthermore, Navuluri (2000) found that physical
activity was correlated with health-related resilience in men and attitudes toward treatment
compliance in women with diabetes in a cross-sectional study of 155 patients. Robottom et al.
(2012) also found that resilience in Parkinson’s disease was significantly associated with less
disability, improved HRQOL, and reduced non-motor symptoms but not disease severity in
this cohort.

This research suggests that resilience and its associated factors may be a positive
adaptation for patients with chronic diseases in terms of physical and mental health, as well as
their disease management. Currently, there is no research into the levels of resilience
exhibited by IBD patients, nor is there any research into the disease severity of those patients
with higher or lower levels of resilience. Research suggests that patients with irritable bowel
syndrome, a functional disorder of the colon that is known to be less damaging than I1BD,
scored low on the resilience scale, (i.e. higher in neuroticism (Zarpour & Besharat, 2011),
anger and fear (Elsenbruch, 2011; Zoccali et al., 2006)). Assumptions cannot be made that

IBD patients would exhibit similar levels of resilience as previous research has shown that
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irritable bowel syndrome patients are more prone to catastrophize their symptoms and
HRQOL in comparison to IBD patients (Seres et al., 2008). Therefore, understanding
resilience and the role it may play in HRQOL in IBD is of growing importance.

In summary, with an increased prevalence of IBD throughout the Western countries,
(i.e. United States, United Kingdom, and Canada), and no known cure for this gastrointestinal
disease, focus should be driven towards treatment management with the goal to achieve long-
term remission and an increased HRQOL for patients. Previous research suggests that patients
with IBD have a decreased HRQOL in comparison to healthy populations and surgical
interventions often do not improve HRQOL in the long-term, but medical therapies can have
some positive influence. One possible method to improve HRQOL in IBD patients may be to
have patients engage in physical activity or increase physical activity levels in those who are
already active. However, there is a lack of data in this field and the few previous studies in
IBD patients have limited their investigations to low to moderate physical activity. Partnered
with small sample sizes and a lack of physical activity interventions, there is a need for
research to determine the prevalence of physical activity in the IBD population as well as the
ability to tolerate higher intensities of physical activity. Another factor thought to have
potential to improve HRQOL in chronic disease patients is the psychological construct of
resilience. Previous research has suggested resilience is correlated with improved HRQOL in
patients with cardiovascular disease, HIV/AIDS, Parkinson’s disease, and type 2 diabetes and
related physical symptoms. Yet no research has investigated the relationship between
resilience and IBD. Therefore, the aim of this study is to investigate the effects of physical

activity and resilience on HRQOL in participants with IBD.
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Chapter Three: Methodology
Study 1: Validation of the Connor-Davidson Resilience Scale (CD-RISC) in participants
with IBD

Participants

Four hundred participants with a self-reported, confirmed diagnosis of IBD (ulcerative
colitis or Crohn’s disease) will be recruited for the current study. Participants will be between
18 and 65 years of age. All participants will be recruited through online social networking
sites that have specific groups for participants with IBD, such as Crohn’s and Colitis
Foundation of America, Crohn’s and Colitis UK, and Crohn’s and Colitis Foundation of
Canada. The United States, United Kingdom, and Canada will be the three geographical target
areas for recruitment purposes. The University of Idaho’s Institutional Review Board has
certified this study as exempt and all participants will provide informed consent before
participation. Participants will be asked to complete the Connor-Davidson Resilience Scale
(CD-RISC), which is part of a larger survey using the online Qualtrics survey software, with

the survey taking approximately 15-20 minutes to complete.

Instrumentation

The Connor-Davidson Resilience Scale (CD-RISC) is a 25-item instrument developed
to measure resilience, initially in relevance to treatment outcomes for anxiety, depression, and
stress reactions. It includes 25 items that represent a myriad of different resilient
characteristics, (i.e. goal-setting, faith, humor, tolerance of negative affect, and patience).
Participants score the survey on a 5-point Likert scale, based on their feelings over the past

month, ranging from not true at all (0), rarely true (1), sometimes true (2), often true (3), and
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true nearly all of the time (4). Total scores for the CD-RISC survey range from 0-100, with
higher scores meaning the participants have greater resilience. Recently, Campbell-Sills &
Stein (2007) have suggested that a 10-item version of the CD-RISC is a more valid instrument
with an improved factor structure in comparison to the 25-item instrument. This study will
determine whether the 25-item or 10-item survey is valid for participants with IBD.

The 25-item scale has been shown to have adequate internal consistency, test-retest
reliability, and convergent and divergent validity in the general population and patient cohorts
(Connor & Davidson, 2003). Furthermore it has been shown that the original CD-RISC
instrument has adequate internal reliability (alpha=0.89) with the mean score of 80.4 and
standard deviation of 12.8 in the general population (Connor & Davidson, 2003). However,
since the original development of the CD-RISC, a 10-item and 2-item version have been used
and established (Vaishnavi, Connor, & Davidson, 2007). More recently, Campbell-Sills &
Stein (2007) have reported a reliable 10-item version of the CD-RISC that measures resilience

on a unidimensional resilience scale.

Sample Size Estimates

A-priori sample size calculations were conducted to estimate an appropriate sample
size for the confirmatory factor analysis of the CD-RISC using the n:q rule, (i.e. the number
of observations in relation to the number of items), which should be at least 5:1 (Kline, 2010).
The CD-RISC has 25 observations and therefore 125 observations from the IBD participant

cohort is required for adequate power.
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Statistical Analyses

Data will initially be screened for multicollinearity and multivariate outliers.
Confirmatory factor analyses will be used to determine whether a 25-item or 10-item CD-
RISC scale is a better representation of resilience in IBD participants. The confirmatory factor
analysis component of structural equation modeling (SEM) produces the strongest
combination of individual variables, (i.e. items), in each category to form a latent variable
such as resilience.

Goodness of fit will be evaluated using the root mean square error of approximation
(RMSEA) and the associated 90% confidence interval. C-Fit, the p-value for test of close fit
that estimates the probability that RMSEA<0.05, and comparative fit index (CFI) will also be
used to identify goodness of fit in the analyses. The chi-square test will be used in addition to
other measures of fit. Each of these fit indices provides different information in regards to
model fit with the combination providing a reliable and conservative evaluation of model fit
(Jaccard & Wan, 1995). For confirmatory factor analysis, the final acceptance or rejection of
the two models will be based on: (1) conventional criteria for good model fit (RMSEA < 0.08,
C-Fit, 90% confidence interval <0.08; CFIl >0.90); (2) the strength of the parameter estimates,
(i.e. factor loadings >0.40 and absence of prominent cross-loadings); and (3) the ability to
interpret the solution on a conceptual level.

All confirmatory factor analyses will be conducted with the sample variance-
covariance matrices being analyzed using the latent variable software program, AMOS 20.0.

All data will be prepared and screened using the statistical software package, SPSS 24.0.
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Study 2: Resilience and physical activity as predictors of HRQOL in participants with
IBD
Participants

Four hundred participants with a self-reported, confirmed diagnosis of IBD (ulcerative
colitis or Crohn’s disease) will be recruited for the current study. Participants will be between
18 and 65 years of age. All participants will be recruited through online social networking
sites that have specific groups for participants with IBD, such as Crohn’s and Colitis
Foundation of America, Crohn’s and Colitis UK, and Crohn’s and Colitis Foundation of
Canada. The United States, Great Britain, and Canada will be the three geographical target
areas for recruitment purposes.

Two hundred and fifty healthy control participants will also be recruited. All
participants will be between 18 and 65 years of age and will be free from any cardiovascular,
metabolic, renal, or pulmonary disease. Participants will be recruited through academic
institutions in the United States, Great Britain, and Canada via an email and link to the survey.

The University of Idaho’s Institutional Review Board has certified this study as
exempt and all participants will provide informed consent before participation. Once provided
with the necessary instructions, each participant will be asked to complete the online survey
that includes the Short Form-36 (SF-36), the International Physical Activity Questionnaire-
Short Form (s-IPAQ), and the Connor-Davidson Resilience Scale (CD-RISC), as well as
demographic information. The survey will be developed using the online Qualtrics survey
software and will take approximately 15-20 minutes to complete. Following the survey, the

first one hundred participants will be provided with a $5 Amazon gift card.
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Instrumentation

Demographics.

Demographic survey questions will include age, sex, and health insurance availability.
These basic demographic variables are in addition to IBD-specific questions such as
diagnosis, history of diagnosis, and previous and current medical treatment information, (i.e.
previous surgical intervention and current drug therapies). These variables will be used as
covariates in the analyses.

HRQOL.

HRQOL will be measured by the SF-36 which was designed to assess functional
status, well-being, and general perception of health and is a widely accepted generic,
multidimensional, instrument. The instrument consists of 36 questions that represent eight
subscales: physical functioning, bodily pain, vitality or energy level, social functioning,
mental health, general health perceptions, role limitation because of physical problems, and
role limitation because of personal or emotional problems. Scores will be calculated for
overall HRQOL, physical health, and mental health.

SF-36 individual scales are scored on a range from 0-100, where 0 indicates the lowest
rating of HRQOL and 100 indicating the highest HRQOL. Reliability of the SF-36 has been
shown to exceed the recommended 0.70 standard (Tsai, Bayliss, & Ware, 1997), with
reliability estimates for physical and mental summary scores often exceeding 0.90 in the
general population (Ware, Gandek, & IQOLA Project Group, 1994). Furthermore, the SF-36
has been successfully validated in participants in the US and other countries, as well to
diseased populations (McHorney, Ware, Rogers, Raczek, & Lu, 1992; Ware, Snow, Kosinski,

& Gandek, 1993).
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Internal consistency, measured with Cronbach’s alpha, for the SF-36 in IBD patients
has been found to range from 0.72 to 0.90 in patients with Crohn’s disease and from 0.74 to
0.91 in patients with ulcerative colitis (Bernklev et al., 2005). Intraclass correlations ranged
from 0.56 to 0.89 in Crohn’s disease patients with no significant difference between test and
retest (Bernklev et al., 2005). The SF-36 with ulcerative colitis patients showed an intraclass
correlation of 0.63 to 0.92 with statistically significant differences through repeat testing for
bodily pain and physical functioning but none of the other dimensions (Bernklev et al., 2005).
Scores for overall HRQOL, physical health, and mental health will be used as dependent
variables in the analyses.

IBD questionnaire.

The IBD-Questionnaire (IBDQ) will be utilized with the IBD participants to assess
disease-specific quality of life. The IBDQ is formed by 32 items with four domains: bowel
symptoms, systemic symptoms, social, and emotional aspects. All questions are presented on
a Likert scale with 1 being the lowest rating of quality of life and 7 being the highest rating of
quality of life. The total score ranges from 32 to 224 with higher scores representing better
quality of life (Guyatt, Deyo, Charlson, Levine, & Mitchell, 1989; Mitchell et al., 1988).
Intraclass correlations conducted on the English adaptation of the IBDQ ranged from 0.73 to
0.93 in a cohort of patients with IBD over a 4-week period (Han, McColl, Steen, Barton, &
Welfare, 1998). Furthermore, the IBDQ dimensions showed high internal validity with
Cronbach’s alpha values ranging from 0.72 to 0.89 with the internal validity being similar
whether the instrument was interviewer- or self-administered (Han et al., 1998). Total score
and subscale scores (bowel, systemic, social, and emotional) will be used as moderator

variables in the analyses.
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Physical activity.

The IPAQ was developed in 1998 to facilitate the surveillance of physical activity and
has become the most widely used physical activity questionnaire (van Poppel, Chinapaw,
Mokkink, van Mechelen, & Terwee, 2010). The s-IPAQ contains 7 items in which
participants record their activity at various intensity levels: 1) vigorous-intensity activity, 2)
moderate-intensity activity, 3) walking, and 4) sitting. Energy expenditure (MET-
minutes/week), time spent in sedentary activity, and time spent in moderate-vigorous physical
activity will be calculated and reported. These variables will be used as dependent variables in
the analyses.

The s-IPAQ has been used in several countries to assess the population prevalence of
physical activity in participants aged between 18 and 65 years (Craig et al., 2003). Previous
research has reported that typical s-IPAQ correlations are ~0.80 for reliability and 0.30 for
criterion validity (when compared to accelerometer data) (Craig et al., 2003). These results for
reliability and validity are at least as good as other established self-report physical activity
instruments (Kaleth, Ang, Chakr, & Tong, 2010; Mannerkorpi, 2005).

Resilience.

The CD-RISC factor structure that will be used for the purpose of the analysis of this
portion of the study will depend on the results from the confirmatory factor analyses (study
1).

The CD-RISC is a 25-item instrument developed to measure resilience, initially in
relevance to treatment outcomes for anxiety, depression, and stress reactions. It includes 25
items that represent a myriad of different resilient characteristics, (i.e. goal setting, faith,

humor, tolerance of negative affect, and patience). Participants score the survey on a 5-point
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Likert scale, based on their feelings over the past month, ranging from not true at all (0),
rarely true (1), sometimes true (2), often true (3), and true nearly all of the time (4). Total
scores for the CD-RISC survey range from 0-100, with higher scores meaning greater
resilience.

The 25-item scale has been shown to have adequate internal consistency, test-retest
reliability, and convergent and divergent validity in the general population and patient cohorts
(Connor & Davidson, 2003). Furthermore it has been shown that the original CD-RISC
instrument has adequate internal reliability (alpha=0.89) with the mean score in the general
population is 80.4 with a standard deviation of 12.8 (Connor & Davidson, 2003). The 10-item
CD-RISC has been found to highly correlated with the original 25-item instrument (r=0.92),
as well as indicating high internal consistency with a Cronbach’s alpha of 0.85 (Campbell-

Sills & Stein, 2007).

Sample Size Estimates

A priori sample size calculations were performed and based on the n:q rule, (i.e. the
number of observations in relation to the number of items), should be at least 5:1 (Kline,
2010). The current survey has a maximum of 68 items that will be used in the model,
depending on the choice of the CD-RISC. The use of 68 items suggests that a minimum of
340 participants with IBD would be required to produce adequate power to allow for model
estimation and statistical inference (Kline, 2010). A general rule of thumb has also stated that
no less than 400 observations should be recorded if the data are not normally distributed
(Kline, 2010), and therefore a minimum of 400 observations will be collected from

participants with 1BD.
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Statistical Analyses

All data will initially be screened for missing data, normality, and outliers, and will be
dealt with accordingly. Independent sample t-tests will be used to compare IBD and healthy
control participants on demographic characteristics including age, sex, health insurance
availability, BMI, resilience, physical activity, and HRQOL. Pearson-product moment
correlations will then be conducted to evaluate whether there are relationships between
physical activity levels (total energy expenditure, time in sedentary behavior, and time in
moderate-vigorous physical activity) and HRQOL (total, mental, and physical HRQOL), and
resilience levels and HRQOL (total, mental, and physical HRQOL) in IBD participants.
Correlations will also be conducted between physical activity levels and resilience levels in
IBD participants. All preliminary data analysis and cleaning will be conducted in SPSS 24.0
with an alpha level set at 0.05.

SEM, employing AMOS 20.0, will be used as the primary method for examining the
relationships among physical activity, resilience, and HRQOL in the IBD participants.
Applying the methods recommended by Kline (1998), the analysis will be conducted in a two-
stage model. Confirmatory factor analysis of the scales will be conducted to determine how
well the individual items of each latent variable combine to represent physical activity,
resilience, and HRQOL. The second part of the analysis will be SEM, which will examine the
relationships between these variables in the IBD cohort.

Once the underlying structure of each measurement model is established with
confirmatory factor analysis using maximum likelihood estimation, a structural equation
modeling approach will be used to test the hypothesized mediation relationships. The path

analysis model that will be tested is that both physical activity and resilience are hypothesized
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to have a direct effect on HRQOL. Further, physical activity is also hypothesized to have an
indirect effect on HRQOL with resilience mediating this relationship. This exploratory model
will be evaluated in IBD participants.

Further exploratory analyses will be conducted using the subscales of the HRQOL
measurement; particularly it will be of interest whether resilience has more of an impact on
the psychological components, such as mental health, emotional well-being or social
functioning of HRQOL. While physical activity may have more of an impact on the
physiological components of HRQOL, such as bodily pain, physical functioning, and general
health. In the path analysis it will also be interesting to include the different aspects of
physical activity, (i.e. time in sedentary behavior), in an exploratory fashion to try and
understand whether the lack of physical activity has a negative effect of HRQOL in IBD
participants.

All models will be estimated using the Maximum Likelihood method. As quality of fit
of SEM models are known to be highly influenced by sample size, multiple model fit indices
will be utilized including chi-square, the ratio of chi-square to the degrees of freedom
(CMIN/DF), the CFI, and RMSEA. For the CMIN/DF index, a value of <4.0, RMSEA <.08

and CFI >0.90 are generally considered to represent a reasonable model fit to the data.

Work Plan/Timeline

My current timeline is that | shall propose my dissertation in the middle of May, 2015.
Once my dissertation has successfully passed the proposal stage, | plan to submit my IRB for
revision by the end of May, 2015 with the determination to begin data collection in early

June, 2015. Data collection should be complete by the middle of September, 2015. Data
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cleaning and analyses will be conducted through the end of September and October, 2015
with the hope to start the writing process in November, 2015. | aim to defend my dissertation
in March, 2016 of the spring semester and graduate with my Ph.D. at commencement in May

2016.
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Abstract

Inflammatory bowel disease (IBD), a group of autoimmune diseases that affect the
gastrointestinal tract, is known to negatively affect a person’s physical and mental health-
related quality of life (HRQOL). Resilience has recently been found to be related to higher
HRQOL in people with select chronic diseases. However, there is no research regarding
resilience levels in people with IBD. The aim of the current study was to validate the Connor-
Davidson Resilience Scale (CD-RISC) in people with IBD and to understand resilience levels
in this population. Participants with IBD (n = 125) were recruited to complete an online-
survey using the CD-RISC to measure resilience. Confirmatory factor analysis was used to
determine whether the 25-item or the 10-item version of the CD-RISC was a better
representation of resilience in people with IBD. Analyses were conducted in SPSS v24.0 and
AMOS v20.0. Results from the confirmatory factor analysis showed that the 10-item CD-
RISC was a better representation of resilience in people with IBD than the 25-item

instrument. Scores (mean + SD) from the 10-item instrument were 26.4 + 6.7 for people with
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IBD, which is lower than previously reported data in the general population (31.8 £ 5.4). In
conclusion, the current study shows that the 10-item CD-RISC is a valid instrument for
measuring resilience in people with IBD. Furthermore, resilience levels seemed to be lower in
people with IBD than the general population; however, future research is warranted
comparing these groups and investigating whether there is a relationship between resilience

and HRQOL in this population.

Keywords: Resilience, Inflammatory Bowel Disease, Crohn’s Disease, Ulcerative Colitis

Introduction

Inflammatory bowel disease (IBD) is a group of autoimmune diseases, such as
Crohn’s disease and ulcerative colitis, which affect the gastrointestinal tract. IBD affects 3.6
million people in Europe and the United States (Loftus, 2004; Molodecky et al. 2012), has no
known medical cure, and can cause lifelong debilitating illness. IBD is commonly recognized
by signs and symptoms such as weight loss, gastrointestinal bleeding, bloody diarrhea,
abdominal pain, and intestinal obstructions. Furthermore, IBD is characterized by a cyclical
nature with a series of exacerbations followed by periods of remission.

Previous research has suggested that patients with IBD have a decreased quality of life
due to the severe nature of the disease (Moradkhani et al. 2013) and one of the main treatment
goals for these patients is to increase their health-related quality of life (HRQOL).
Psychological outcomes, such as quality of life, in people with IBD can be predicted by
several factors, such as disease severity, illness perceptions, and coping styles (McCombie et

al. 2013). The main aim of the coping mechanism is to diminish the physical, emotional, and
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psychological burden that is associated with chronic disease (Snyder, 1999), and thus
understanding appropriate psychological factors that can act as coping measures in people
with IBD is of high importance.

A developing psychological construct in the scientific literature is resilience and the
effect it can have on chronic illness and disease. Resilience is the ability to *bounce-back’
from adversity and overcome challenges (Earvolino-Ramirez, 2007). Resilience refers to an
individual’s capacity to maintain psychological and physical quality of life in the face of
adversity (Yi et al. 2008). Connor and Davidson (2003) have also defined the concept of
resilience as individual qualities that enable a person to thrive in the face of adversity and also
as a measure of coping ability.

Research in the general population has shown that higher ratings of resilience have a
positive effect on perceived stress and are related to positive self-ratings of physical health
and symptoms (Soderstrom et al. 2000). Recently, research has begun to try and understand
the relationships between resilience and mental and physical illnesses, including physical
symptoms and quality of life (Richardson, 2002). Resilience has been shown to be related to
decreased disease susceptibility, improved disease outcomes, and better treatment
management in an array of chronic diseases, such as cancer (Carver, 2005), HIV (Farber et al.
2005), cardiac disease (Kubzansky et al. 2001), and diabetes (Yi et al. 2008). However, in
many of these populations the surveys used to measure resilience (such as the Connor-
Davidson Resilience Scale [CD-RISC]) have not been previously validated.

Research indicates that patients with irritable bowel syndrome, a functional disorder of
the colon that is known to be less damaging than IBD, scored low on the resilience scale, with

corresponding high levels of neuroticism (Zarpour and Besharat, 2011), anger, and fear
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(Elsenbruch, 2005; Zoccali et al. 2006). However, to our knowledge there is no research to
date that investigates the levels of resilience exhibited by people with IBD. Given that
previous research has shown irritable bowel syndrome patients are more prone to
catastrophize their symptoms and HRQOL in comparison to people with IBD, assumptions
cannot be made that IBD patients would exhibit similar levels of resilience (Seres et al. 2008).
Therefore, before undertaking research that aims to characterize resilience in people with
IBD, it is important to validate the CD-RISC in this population.

The aim of the current study was to determine whether the 10-item and 25-item CD-
RISC are valid in a cohort of people with IBD. A secondary aim was to understand resilience
levels in people with IBD in comparison to previously published data in the general
population. It was hypothesized that the single-factor structure of the 10-item CD-RISC
would be more appropriate in IBD participants in comparison to the 25-item version of this
instrument. It was further hypothesized that people with IBD would have lower resilience

levels than those reported in the general population.

Materials and Methods

Participants.

One hundred and twenty-five participants, between the ages of 18 and 65 years, with a
self-reported, confirmed diagnosis of IBD were recruited for the study. All participants
volunteered as part of a larger, online survey study using Qualtrics survey software (Qualtrics
LLC, Provo, Utah, USA) with the survey taking 10 - 15 minutes to complete. A random

subsample of the larger sample was taken to conduct the confirmatory factor analysis.
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Participants were recruited through online social networking sites and specific groups
for people with IBD. Additionally, recruitment of participants for the study included
ResearchMatch, a national health volunteer registry that was created by several academic
institutions and supported by the US National Institutes of Health as part of the Clinical
Translational Science Award (CTSA) program. ResearchMatch has a large population of
volunteers who have consented to be contacted by researchers about health studies for which
they may be eligible. Review and approval for this study and all procedures was obtained
from the University of Idaho’s Institutional Review Board and the study was performed in
line with the principles outlined in the Declaration of Helsinki. Informed consent was
obtained from all participants enrolled in the study.

Instrumentation.

Resilience was measured using the CD-RISC, which was originally created as 25-item
instrument to measure resilience. The CD-RISC includes 25 items that represent a myriad of
different resilience characteristics (i.e., goal-setting, faith, humor, tolerance of negative affect,
and patience). Recently, Campbell-Sills and Stein (2007) suggested that a 10-item, single
construct version of the CD-RISC is a more valid instrument with an improved factor
structure in comparison to 25-item CD-RISC in the general population. Responses for the
survey are measured on a 5-point Likert scale, based on the participant’s feelings over the past
month. Scores are recorded as not true at all (0), rarely true (1), sometimes true (2), often true
(3), and true nearly all of the time (4). Total scores for the 25-item CD-RISC range from O -

100 and 0 — 40 for the 10-item CD-RISC, with higher scores indicating greater resilience.
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Sample Size Estimates

A-priori sample size calculations were conducted to estimate an appropriate sample
size for the confirmatory factor analysis of the CD-RISC using the n:q rule, (i.e., the number
of observations in relation to the number of items), which should be at least 5:1 (Kline, 2010).
The CD-RISC has a maximum of 25 items; therefore 125 participants with IBD were required

for adequate power.

Statistical Analyses

Data were initially screened for multicollinearity and multivariate outliers.
Confirmatory factor analysis, using maximum likelihood estimation, was used to determine
whether the 25-item CD-RISC or the 10-item CD-RISC was a better representation of
resilience in IBD participants. The confirmatory factor analysis component of structural
equation modeling produces the strongest combination of items in each category to form a
latent variable such as resilience.

Model 1: Measurement Model of the 25-item CD-RISC

In this model, all 25-items from the original CD-RISC were included in the
measurement model in accordance with the five-factor structure previously determined
(Connor and Davidson, 2003). The five factors used in the 25-item measurement model were
competence, tolerance, security, control, and spiritual.

Model 2: Measurement Model of the 10-item CD-RISC

In this model, the 10-items previously suggested to represent a better overall fit of

latent variable resilience were included in the measurement model (Campbell-Sills and Stein,
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2007). These items reflect tolerance including illness, personal issues, and painful feelings,
and they are considered a unidimensional construct of resilience.

The chi-square ()?) test, p-value, and the ratio of %2 to degrees of freedom (y}?/df) were
used to assess overall model fit of the two models. Due to the known sensitivity to sample
size, additional goodness of fit statistics were evaluated including the Comparative Fit Index
(CFI1) and Root Mean Square Error Approximation (RMSEA). Each of these fit indices
provided different, important information regarding model fit (Jaccard and Wan, 1995). The
final acceptance or rejection of each of the two models was based on (i) conventional criteria
for good model fit (? p-value > 0.05, RMSEA < 0.08, CFI1> 0.90, ¥?/df < 2), (ii) the strength
of the parameter estimates (i.e., factor loadings > 0.40), and (iii) the ability to interpret the
solution on a conceptual level.

All data were prepared and screened using the statistical software package, SPSS
version 24.0 (IBM Corporation, Armonk, New York, USA). All confirmatory factor analyses
were conducted with the sample variance-covariance matrices being analyzed using the latent
variable software program, Analysis of Moment Structures, version 20.0 (AMOS; Arbuckle,

2011).

Results

The assumptions of multivariate normality and linearity were assessed using box plots
and Mahalanobis distance. There were no univariate or multivariate outliers in the data and
both the 10-item and 25-item CD-RISC were normally distributed. With no missing data, the

final data set included 125 responses.
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Descriptive statistics show that in the current population (age 37.2 £ 12.7 years; 54.7%
in remission; 81.6% females) the mean score for the 25-item CD-RISC was 65.7 + 13.7
(range: 32 — 98; 95% confidence interval [CI]: 63.3 — 68.1), and the mean score for the 10-
item CD-RISC was 26.4 + 6.7 (range: 9 — 39; 95% CI: 25.2 — 27.6). Previous research has
shown that in the general population scores for the 25-item CD-RISC were 80.4 + 12.8 (95%
Cl: 79.4 — 81.4; Connor & Davidson, 2003) and 31.8 £ 5.4 (95% CI: 31.4 — 32.2; Campbell-
Sillis et al. 2009) for the 10-item CD-RISC, indicating that people with IBD have lower
resilience levels than previously reported data in the general population. Means, standard
deviations, and Pearson correlations for the item-total and factor-total correlations is shown in
Table 4.1.

The 25-item CFA model had five latent constructs (i.e., competence, tolerance,
security, control, and spiritual) and 25 observed variables. An initial test of the 25-item
measurement model was not a successful fit of the data with (x? (265) = 564.26, p < 0.001;
v?/df = 2.13; RMSEA = 0.07; and CFI = 0.83) (See Figure 4.1). The spiritual factor was not
significantly correlated with three of the other four factors in the 25-item CD-RISC and
displayed the weakest correlation with the overall instrument.

The 10-item CFA model had one latent construct and 10 observed variables. The 10-
item CD-RISC measurement model was a satisfactory fit to the data with (y? (35) = 49.41, p =
0.05; x?/df = 1.41; RMSEA = 0.04; and CFI = 0.98) (See Figure 4.2). Each of the criteria for
good model fit was met with the 10-item measurement model. All the factor loadings for the
indicators on the latent variable were significant (p < 0.001). This suggests that the latent
construct was well represented by its indicators. The means and standard deviations along

with the item-total correlations for the 10-item CD-RISC are shown in Table 4.2.
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The 10-item and 25-item models were not nested within one another as they contained
different items; therefore, the Akaike information criterion (AIC) was used to determine the
difference between the two models. The 25-item CD-RISC had a higher AIC (734.3) than the
10-item CD-RISC (109.4), suggesting that the 10-item CD-RISC is a better fit to the data in
the current population. Additionally, Cronbach’s alpha (a) for the items in the 10-item CD-
RISC was 0.88 while the 25-item CD-RISC had a=0.90. Both of these values suggest good
internal consistency in the instruments; however, it should be noted that the 25-item CD-RISC
has more items than the 10-item instrument, which may have led to an increased Cronbach’s

alpha (Cortina, 1993).

Discussion

The aim of the current study was to determine whether both the 10-item and 25-item
CD-RISC were valid in a cohort of people with IBD. We hypothesized that the 10-item CD-
RISC with a single-factor structure would be more valid and have better model fit of the data
in a cohort of IBD participants than the 25-item version of the instrument. A secondary aim of
the study was to determine the level of resilience of people with IBD in comparison to
previously reported data in the general population.

Following confirmatory factor analysis, the results of the 25-item CD-RISC
measurement model suggest that this factor structure does not fit the data well in a cohort of
people with IBD. However, confirmatory factor analysis of the 10-item CD-RISC
measurement model revealed that this adequately fit the data with overall improvement in
comparison to the 25-item model as indicated by the reduction in AIC. These findings are

consistent with Campbell-Sills and Stein’s (2007) suggestion that the 10-item CD-RISC has
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an improved factor structure and psychometric properties in comparison to the 25-item CD-
RISC. The “spiritual’ factor was observed to have low covariances with other factors in the
25-item model as well as the items representing this factor having low correlations with the
total score. Therefore, the low correlations and covariances, which have also been reported in
previous research (Connor and Davidson, 2003; Yu et al., 2011), may have contributed to the
poor model fit for the 25-item instrument in people with IBD.

A considerable proportion of the research that has been conducted on the factor
structure of the CD-RISC has found consistently that the five-factor structure does not fit the
data (Campbell-Sills and Stein, 2007; Green et al. 2014; Jorgensen and Seedat, 2008;
Karairmak, 2010; Lamond et al. 2008; Yu and Zhang, 2007). The 10-item CD-RISC includes
items related to tolerance, competence, and security (i.e., change, personal problems, illness,
pressure, failure, and painful feelings). These items are all associated with the ability to
bounce back (Campbell-Sills and Stein, 2007). Due to the cyclical nature of IBD (i.e., periods
of disease flare followed by periods of remission), it is not surprising that items such as
iliness, personal problems, and change provide good overall fit to the data in these
participants.

In comparison to previously published resilience scores in the general population,
people with IBD seem to score lower on resilience. With the 10-item CD-RISC, Campbell-
Sills et al. (2009) found that the average resilience score in a large sample of US adults was
31.8 £ 5.4. In the current study, IBD participants reported an average score 26.4 + 6.7, which
was significantly lower than reported in the general population. Furthermore, resilience levels
in our sample of people with IBD were similar to those reported in people with multiple

sclerosis (Black and Dorstyn, 2015) but slightly higher than reported in patients with
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fibromyalgia (Notario-Pacheco et al., 2014). It seems important to consider the role that

resilience may play in the lives of people with IBD and whether this impacts HRQOL or
coping mechanisms. Additionally, it would be beneficial to understand whether there are
mechanisms to improve resilience in this population (e.g., through mental skills training).

To our knowledge this is the first study to determine resilience levels in participants
with IBD as well as evaluate the validity of the CD-RISC in this population. Although there
has been research conducted reporting the psychometric properties of the CD-RISC in a
variety of different countries, there has been minimal research in different disease
populations. The development of an instrument specific to resilience levels in chronic disease
populations may be beneficial. Measuring resilience in people with IBD could prove
beneficial in understanding the psychosocial aspect of the disease as well as people’s ability
to cope with the disease. It is understood that a diagnosis of IBD impacts quality of life
(Moradkhani et al. 2013); however, knowledge regarding the ability to cope is weak. Future
research aimed at understanding the relationship between resilience and HRQOL in people
with IBD and how this compares to healthy controls is needed. Additionally, it would be
beneficial to understand how resilience levels in IBD patients may change during remission in
comparison to a disease flare.

Limitations within our study include that participants were a convenience sample,
which limits the generalizability of our findings. However, a random sample of our total
sample of participants was used in order to conduct the confirmatory factor analysis.
Additionally, the cohort was mostly female which may impact the ability to generalize our
findings to people with IBD. Invariance analysis should be conducted to see whether the

models hold true across sexes, disease states (i.e., disease-flare versus remission), and types of
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inflammatory bowel disease (i.e., Crohn’s disease versus ulcerative colitis). Future research in
the area of resilience and inflammatory bowel disease has the potential to benefit patients and
caregivers in determining whether mental skills training, particularly involving resilience, will
improve HRQOL in those with IBD.

In conclusion, the current study shows that in a population of people with IBD the 10-
item CD-RISC is a valid instrument to measure resilience. Furthermore, our findings indicate
the 25-item survey is not a valid measure of resilience for this sample. People with IBD may
present with low levels of resilience; however, it is unknown as to whether this directly
impacts HRQOL. Further research is warranted in this area and would likely be beneficial to

people who suffer with IBD.
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Table 4.1. Score means, standard deviations (SD), and item-total correlations for each of the

25 items and the factor-total correlations for the five factors of the 25-item CD-RISC.

ltem Mean SD ltem-Total
Correlation
Competence*  22.6 5.2 0.90°
10 31 0.9 0.52°
11 2.8 0.9 0.65°
12 2.9 0.9 0.72°
16 2.4 1.0 0.66"
17 3.0 0.9 0.72°
23 2.3 1.0 0.60°
24 2.7 0.9 0.73°
25 3.2 0.8 0.56"
Control* 7.2 25 0.76°
13 2.9 0.9 0.46°
21 2.3 1.1 0.71°
22 2.0 1.1 0.65°
Security* 14.0 3.4 0.81°
1 2.6 0.9 0.53°
2 34 0.9 0.27°
4 2.7 0.9 0.66"
5 2.7 0.9 0.71°
8 2.6 1.0 0.67°
Spiritual* 4.0 2.4 0.27°
3 1.6 15 0.25°
9 2.3 1.3 0.20?
Tolerance* 17.9 45 0.88°
6 2.8 1.0 0.55P
7 2.4 1.0 0.62°
14 2.4 0.9 0.63°
15 2.7 1.1 0.57°
18 25 1.1 0.50°
19 2.6 0.9 0.67°
20 2.6 0.9 0.48°

“composite factors calculated from the items listed below each factor indicates that the two-

tailed Pearson correlation is significant at p < 0.05; Pindicates that the two-tailed Pearson

correlation is significant at p < 0.01.



Table 4.2. Score means, standard deviations (SD), and item-total correlations for the

unidimensional 10-item CD-RISC.

ltem Mean SD Item-Total
Correlation

1 2.6 0.9 0.66°

4 2.7 0.9 0.79°

6 2.8 1.0 0.60°

7 2.4 1.0 0.67°

8 2.6 1.0 0.73°

11 2.8 0.9 0.67°

14 2.4 0.9 0.66°

16 2.4 1.0 0.70P

17 3.0 0.9 0.77°

19 2.6 0.9 0.73°

69

3indicates that the two-tailed Pearson correlation is significant at p < 0.05; Pindicates that the

two-tailed Pearson correlation is significant at p < 0.01.



CD_RISC_24

CD_RISC_12

CD_RISC_11

CD_RISC_25

CD_RISC_10

CD_RISC_23

CD_RISC_17

CD_RISC_16

CD_RISC_20

CD_RISC_18

CD_RISC_15

CD_RISC_6

CD_RISC_7

. Tolerance
]

CD_RISC_19

CD_RISC_14

CD_RISC_1

CD_RISC_4

CD_RISC 5

CD_RISC_2

CD_RISC_8

CD_RISC_22

CD_RISC_13

CD_RISC_21

CD_RISC_3

CD_RISC 9

RN RS ESEMES LR IR SRR RE RS

T

58 .
.. \Competence}

it}

i)

A5

=B

1]

53

Chi-square = 564.260
df = 265

p-value = .000
RMSEA = .071
CFl=.829

AIC =734.260

55 @
i}

Figure 4.1. Standardized estimates of the 25-item CD-RISC measurement model with a five

factor structure and corresponding model fit statistics.
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Chapter Five: Manuscript Two

Differences in Quality of Life, Physical Activity, Sitting, and Resilience Levels between

People with Inflammatory Bowel Disease and Healthy Controls

In preparation for publication to the American Journal of Gastroenterology

Katrina Taylor, Philip W. Scruggs, Onesmo B. Balemba, Michelle M. Wiest, Chantal A. Vella

Abstract

Inflammatory bowel disease (IBD) is an autoimmune disease characterized by the
cyclical nature of flare and remission periods that impact health-related quality of life
(HRQOL); however, there is limited research regarding HRQOL, physical activity, sitting,
and resilience levels in this population. PURPOSE: To characterize physical activity, sitting,
HRQOL, and resilience levels in people with IBD (in remission and disease flare) compared
to healthy controls. METHODS: Participants with IBD (n=242; 96 in disease flare [IBD-flare]
and 146 in disease remission [IBD-remission]), and healthy controls (n=265) were recruited
to complete an online survey regarding HRQOL, physical activity, sitting, and resilience
levels. Data were analyzed using analysis of covariance, with age, sex, education status,
disease history, and smoking habits as covariates. RESULTS: Physical and mental HRQOL
were different across the three groups with both groups of IBD participants reporting lower
levels of HRQOL than healthy controls (p<0.001). Furthermore, IBD-flare and IBD-remission

participants reported lower levels of all physical activity variables and resilience scores than
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healthy controls but there were no differences between IBD participants (p<0.05). Time spent
sitting was not different across the three groups (p=0.07). CONCLUSION: Our findings
suggest that people with IBD report lower levels of HRQOL, physical activity, and resilience
than healthy controls but no differences in time spent sitting. There were no negative
consequences of a disease flare on physical activity and resilience levels; however, the

presence of a disease flare did impact HRQOL in this cohort.

Introduction

Inflammatory bowel disease (IBD) is a group of debilitating autoimmune diseases,
such as Crohn’s disease and ulcerative colitis, which affect the gastrointestinal tract. IBD is
recognized by symptoms that include weight loss, gastrointestinal bleeding, bloody diarrhea,
and abdominal pain but there is no medical cure for the disease that is typically diagnosed
between the ages of 15 and 30 years (1). IBD is further characterized by the cyclical nature of
disease flares and remission periods, with many patients experiencing disease flares at least
every few months (2).

People with IBD have been shown to have a lower health-related quality of life
(HRQOL) compared to healthy populations (3), likely due to the combination of disease
impact on the body, debilitating symptoms, diagnosis at an early age, lack of a medical cure,
side effects associated with palliative medications, and cyclical nature of the disease (4-5).
Research has begun to investigate physical activity and exercise as an approach to improve
HRQOL in people with IBD (6-8). It has been suggested that low- to moderate-intensity
physical activity, particularly walking, is safe (9-10), tolerated (11), and beneficial to HRQOL

in people with IBD (12). Despite this evidence, physicians do not recommend exercise to IBD
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patients due to fears of symptom exacerbation (6). However, there is currently no evidence to
suggest that sedentary behavior is advised in people with IBD. Recent research within healthy
populations has shown that sedentary behavior is negatively associated with HRQOL (13-14).
There is currently a lack of research regarding the amount of time spent in physical activity
and sedentary behaviors, such as sitting, in people with IBD. Additionally, it is unknown
whether there are differences in levels of physical activity and time spent sitting between
disease states in IBD as well as in comparison to healthy controls.

Findings have shown that in the general population HRQOL is associated with
resilience (15). Resilience is a psychological construct understood to be the ability to bounce-
back from adversity and is often considered a measure of coping ability (16). Additionally,
increased levels of resilience are associated with improved health outcomes and HRQOL in
diseased populations such as cancer (17), human immunodeficiency virus (HIV) (18),
Parkinson’s disease (19), and diabetes (20). However, there is currently no research that
investigates resilience levels in people with IBD compared to healthy controls.

Therefore, the current study aims were to characterize physical activity, sitting,
HRQOL, and resilience levels in people with IBD (in remission and disease flare) and

compare them to healthy controls.

Methods

Study participants and setting.

Participants, aged 18 to 65 years, who were diagnosed with IBD or healthy controls,
were recruited to complete an online survey. The online survey, delivered through Qualtrics

survey software (Qualtrics LLC, Provo, Utah, USA), included questions from the
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International Physical Activity Questionnaire (IPAQ) short version, the Short Form-36 (SF-
36), and the Connor-Davidson Resilience Scale (CD-RISC), and took approximately 10 to 15
minutes to complete. IBD participants were recruited through online social networking sites
for those with IBD and ResearchMatch. Healthy controls were recruited through word-of-
mouth, academic institutions, and ResearchMatch. ResearchMatch is a national health
volunteer registry that was created by several academic institutions and supported by the US
National Institutes of Health as part of the Clinical Translational Science Award (CTSA)
program. ResearchMatch has a large population of volunteers who have consented to be
contacted by researchers about health studies for which they may be eligible.

Of the 793 participants who started the survey, 328 participants with self-reported IBD
and 318 healthy controls were enrolled in the study as described in Figure 5.1. The study was

certified exempt by the University’s Institutional Review Board.

Instrumentation

Health-related quality of life (HRQOL).

HRQOL was measured with the SF-36, which has been previously designed to assess
functional status, wellbeing, and general perceptions of health. The SF-36 is a generic,
multidimensional instrument that consists of 36 questions representing eight subscales:
physical functioning, bodily pain, vitality, social functioning, mental health, general health,
role limitations due to physical problems, and role limitations due to emotional issues. Scores
from the SF-36 range from 0-100 with higher scores indicating higher levels of HRQOL. The
SF-36 has been validated and shown to be reliable in the general population (21) and also

shown to be reliable in people with IBD. Cronbach’s alpha for the SF-36 in IBD patients has
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been found to range from 0.72 to 0.90 in Crohn’s disease patients and from 0.74 to 0.91 in
patients with ulcerative colitis (3).

Physical activity and sitting.

Physical activity and time spent sitting were measured using the IPAQ short version.
The survey is comprised of seven items that measure physical activity at various intensities
and sedentary behavior: 1) vigorous-intensity activity, 2) moderate-intensity activity, 3)
walking, and 4) sitting. The IPAQ is the most widely used physical activity questionnaire
(22), and has been shown to be reliable (23) and at least as valid as other established self-
report physical activity instruments in adult populations (24).

Resilience.

The 10-item CD-RISC, a single construct instrument, was used to measure resilience
in the current study. The 10-item CD-RISC has been shown to be a more valid instrument
with an improved factor structure than the original 25-item CD-RISC in both the general
population (25) and IBD participants (unpublished data). Responses are measured on a 5-
point Likert scale ranging from 0-not true at all to 4-true nearly all of the time. Total scores
for the 10-item CD-RISC range from 0 to 40, with higher scores indicating greater levels of
resilience.

Demographics.

Demographic information from the survey included age, sex, smoking habits, and
education status. These basic demographic variables were in addition to IBD-specific
questions such as the number of years diagnosed with the disease (i.e., disease history), the
specific diagnosis of IBD (i.e., Crohn’s disease versus ulcerative colitis), and participant’s

current disease state (i.e., disease-flare versus remission).
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Statistical Analyses

Data were initially screened for missing data, normality, and outliers. Data cleaning
identified 86 responses from IBD participants and 53 responses from healthy controls that
were missing data and overall scores for at least two instruments, thus these cases were
removed from the database (See Figure 5.1). Physical activity variables (walking, moderate-
intensity physical activity, moderate-to-vigorous physical activity, and vigorous-intensity
physical activity in both minutes per week and MET-minutes per week) were non-normally
distributed and were square root transformed for all analyses, although non-transformed data
are presented in the results section for ease of interpretation.

Data were further analyzed for univariate and multivariate outliers using z-scores and
Mahalanobis distance, respectively. Seven cases were removed from the analysis as outliers
with z-scores greater than |3.3| and cases from the Mahalanobis distance scores that were
significant at p<0.01 (26). Final sample sizes included data from 242 I1BD participants (96
IBD participants in a disease flare [IBD-flare] and 146 IBD participants in disease remission
[IBD-remission]) and 265 healthy controls.

Data were reported as mean and standard deviations (mean+£SD) unless otherwise
stated. Analysis of covariance (ANCOVA) tests with Bonferroni pairwise comparisons were
used to compare IBD-flare, IBD-remission, and healthy controls on physical activity, sitting,
HRQOL, and resilience as well as demographic variables. Age, sex, disease history, smoking
status, and education level were used as covariates. All analyses were conducted in SPSS

v24.0 (IBM Corporation, Armonk, New York, USA) with an alpha level set at 0.05.
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Results

General participant characteristics.

Participants self-reported that they were free of any cardiovascular, pulmonary, or
metabolic diseases (healthy controls), or that they had a physician diagnosis of IBD (IBD
participants) who were then subdivided based on their current reported disease state (i.e.,
disease-flare versus remission). All participant characteristics are displayed in Table 5.1.
Groups differed on age, sex, smoking status, and disease history, therefore these variables
were used as covariates in all of the ANCOVA analyses.

IBD participants were predominantly female (80.2%) with an average age of 39.6
years. IBD participants also self-reported an average of 11.9 years since their diagnosis with
IBD-remission having reported a longer diagnosis of IBD (13.1+12.4 years) compared to the
IBD-flare participants (9.9+10.3 years). Overall, 45% of people with IBD met the physical
activity recommendations for health (27). When groups were divided into IBD-flare and IBD-
remission, we found that 42% (n=40) of people in IBD-flare met physical activity guidelines
whereas 48% (n=70) of IBD-remission met the guidelines of 150 minutes/week. Participants
with IBD also reported spending approximately 7.0 hours sitting on a typical weekday
(423.7£195.7 minutes/day).

Healthy controls (n=265) were also predominantly female (75.9%) with an average
age of 36.5 years which was significantly lower than that of the IBD participants. Of the
healthy control participants, 73% (n=193) met the current physical activity recommendations
for health. Healthy controls spent approximately 6.5 hours sitting on a typical weekday

(394.5£182.3 minutes/day).
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Differences in HRQOL across groups.

All data and results for differences across groups for HRQOL, physical activity,
sitting, and resilience are shown in Table 5.2. There was a significant main effect for physical
HRQOL across the three groups (p<0.001), with IBD-flare participants reporting the lowest
levels of physical HRQOL (38.9+8.3). IBD-flare participants had significantly lower levels of
physical HRQOL than both IBD-remission (p<0.001) and healthy controls (p<0.001).
Additionally, IBD-remission participants (47.6+9.4) reported significantly lower levels of
physical HRQOL than healthy controls (55.9+6.0) (p<0.001). When examining the specific
subscales of physical HRQOL, the largest difference between groups was in general health
perceptions with IBD-flare (33.3+9.4) scoring more than 20 points lower than healthy
controls (54.4+8.7).

There was a significant main effect for mental HRQOL across the three groups
(p<0.001) with IBD-flare participants reporting the lowest levels of mental HRQOL
compared to both IBD-remission (p<0.001) and healthy controls (p<0.001). IBD-remission
reported significantly lower mental HRQOL than healthy controls (p<0.001). Interestingly,
the largest difference in the mental HRQOL subscales was in social functioning with IBD-
flare participants (33.4£10.5) reporting considerably lower scores than healthy controls
(51.548.5).

Differences in physical activity and sitting across groups.

There was a significant main effect for walking across the three groups (p=0.032) with
pairwise comparisons showing that IBD-flare reported participating in lower volumes of
walking than healthy controls (p=0.026). On average, IBD-flare participants (301.1+466.4

minutes/week) reported walking over 170 minutes/week less than healthy controls. There
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were no differences between IBD-flare and IBD-remission participants (p=0.433), nor were
there differences between IBD-remission participants and healthy controls (p=0.572).

Moderate-intensity physical activity showed a significant main effect across the three
groups (p=0.003) with IBD-flare (p=0.003) and IBD-remission (p=0.028) participants
reporting less moderate-intensity physical activity than healthy controls (p=0.003). Healthy
controls reported engaging in higher levels of moderate-intensity physical activity with the
greatest difference between IBD-flare and healthy controls (130.6 minutes/week); however,
there were no differences between IBD-flare and IBD-remission participants. There was also
a significant main effect for vigorous-intensity physical activity across groups (p<0.001).
There were no differences between IBD-flare (90.5£195.7 minutes/week) and IBD-remission
(116.7£190.4 minutes/week) participants; however, both groups reported lower vigorous-
intensity physical activity than healthy controls (p<0.001 for both).

When combined, the volume of MVPA (minutes/week) and the energy cost associated
with MVPA (MET-minutes/week) there was a significant main effect across groups (p<0.001
for both). Healthy controls reported higher levels of MVPA (minutes/week and MET-
minutes/week) than both IBD-flare and IBD-remission participants (p<0.001 for both). There
were no differences between IBD-flare and IBD-remission participants (p>0.05).
Additionally, on average IBD-flare expended the least amount of energy through MVPA with
more than 1500 MET-minute/week difference between IBD-flare and healthy control
participants.

Self-reported time spent sitting was not different among groups (p>0.05), with IBD-
flare report on average 1 more hour per day of sitting than healthy controls and approximately

45 minutes more per day than IBD-remission.
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Differences in resilience across groups.

There was also a significant main effect across groups (p<0.001) for resilience scores.
IBD-flare participants (p<0.001) and IBD-remission participants (p=0.006) reported
significantly lower resilience scores than healthy controls. However, there were no differences

between IBD-flare and IBD-remission participants (p=0.461).

Discussion

The aim of the current study was to characterize physical activity, sitting, and
resilience levels in people with IBD (in remission and disease flare) and compare them to
healthy controls. It was hypothesized that HRQOL would be lower in those with IBD than
healthy controls, with IBD-flare participants reporting lower HRQOL than IBD-remission and
healthy controls. Furthermore, it was hypothesized that resilience levels would be lower in
both groups of IBD participants than healthy controls but that IBD-remission participants
would score higher than IBD-flare participants. Finally, it was hypothesized that there would
be no differences in physical activity and sitting across groups.

The findings from the current study showed that there are a number of differences
between the two groups of IBD participants (i.e., IBD-remission and IBD-flare) and in
comparison to healthy controls. IBD-remission participants on average have been diagnosed
with the disease longer than IBD-flare participants at the time of the study. This suggests that
increased time since diagnosis may allow for the discovery of an appropriate treatment
approach to control the disease and improve coping strategies. Previous research has shown

that almost 60% of people with IBD undergo surgical treatment (28), which may contribute to
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improved disease management. It is important to note that the current study did not control for
surgical treatment or medical interventions.

Importantly, both groups of IBD participants exhibited lower levels of both physical
and mental HRQOL than healthy controls, which supports previous findings in this area (2,
29). Further analyses showed that both physical and mental HRQOL were significantly lower
in IBD participants in a disease-flare than those in remission. These results correspond with
the findings of other research in this area (3, 30-34) and suggest that a disease flare can
negatively impact HRQOL in people with IBD. Our results indicate that general health
perceptions for physical HRQOL and social functioning scores for mental HRQOL show the
greatest differences to healthy controls. IBD is known to impact many aspects of a person’s
health, particularly gastrointestinal health, but can also lead to extraintestinal issues such as
fatigue, anemia, and bone mineral loss (35). Many of these extraintestinal issues may have a
considerable impact on a person’s physical HRQOL and perception of their general health.
Survey research has also shown that people with IBD are concerned about losing control of
their bowel movements, producing unpleasant smells, feeling dirty, and experiencing issues
with sexual relationships (36). This research supports the decrease in the social functioning
aspect of mental HRQOL in the current study, suggesting that there are not only physical
consequences of the disease but impacts on mental and social well-being as well.

Research is beginning to suggest that physical activity is beneficial to the IBD
population, particularly in terms of improving HRQOL (8, 37). However, previous studies on
IBD and physical activity have been limited by small sample sizes and little is known about
how much physical activity people with IBD engage in on a regular basis. The current study

shows that levels of light (walking), moderate, and vigorous physical activity are lower in
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people with IBD compared to healthy controls with healthy controls engaging in over 160
minutes/week more MVPA than IBD participants in remission. Walking showed the least
difference between healthy controls and IBD participants with less than 150 minutes/week
difference between healthy controls and IBD-remission. Both groups of IBD participants were
lower on all aspects of physical activity than healthy controls, yet IBD-flare and 1BD-
remission were not different from another. Although those in a disease flare on average
reported less physical activity than those in remission, this difference was not significant. This
suggests that disease flares may not significantly impact physical activity levels in this
population and people with IBD are able to continue some level of physical activity despite
the cyclical nature of the disease. This is inconsistent with previous research which suggests
that more than 75% of people with IBD report reduced leisure activities due to disease activity
(28). Ghosh and Mitchell (28) asked participants “how do your symptoms affect your ability
to enjoy leisure activities (e.g., travel, dining, sports)?” This question is inclusive of leisure
activities that do not involve physical activity and may explain the difference in findings.
Although research investigating the benefits of physical activity in people with IBD has
grown over the last decade, there is still a paucity of data, particularly regarding the type and
amount of physical activity that is beneficial for improved health outcomes.

Our results are the first to show that the amount of time spent sitting was not
significantly different across the three groups. Although not significant, IBD-flare participants
spent 50 minutes/day more sitting than healthy controls. These findings suggest that despite
the debilitating symptoms associated with IBD, it may not necessarily impact the amount of
time spent sitting in this sample. However, these findings should be interpreted with caution

due to the possible under-reporting of time spent sitting. To our knowledge there is currently
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no research in the area of sedentary behavior and IBD; however, previous research has shown
that sedentary behaviors, such as sitting, are related to decreased levels of quality of life in the
general population (13-14) and colorectal cancer survivors (38). Future research investigating
the relationship between objectively measured sedentary behaviors, particularly time spent
sitting, and HRQOL in people with IBD would be beneficial for understanding the impact of
sitting on health outcomes in people with IBD.

A unique finding in this study was that resilience levels were significantly lower in the
two groups of IBD participants compared to healthy controls. Furthermore, although we
found that both groups of IBD participants had lower resilience levels than healthy controls,
the two IBD groups were not different from one another. These findings suggest that people
with IBD have a lower ability to bounce-back from adversity than healthy controls, although
this difference on average was only 2.8 points indicating that despite the debilitating disease
these patients still have relatively high resilience levels. Resilience scores from IBD
participants in the current sample are similar to previous research in adults with multiple
sclerosis (39) as well as adult females with HIV (40). However, IBD participants seemed to
have slightly higher levels of resilience compared to patients with fiboromyalgia (41).
Interestingly, our healthy controls reported lower resilience scores than other healthy adults
that have been studied (42), which might explain the small, but significant difference between
people with IBD and healthy controls.

Despite the important findings in the current study, there are limitations that should be
recognized when interpreting the results. Our findings are limited by a convenience sample
and self-reported levels of HRQOL, physical activity, sitting, and resilience. All participants

were volunteers, which limits the generalizability of the current findings. Furthermore, it is
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understood that there is some bias with self-reported variables, particularly with the
overestimation of physical activity and underestimation of time spent sitting (43). However,
both groups likely over- and under-estimated to a similar extent. Time spent sitting was used
as a measure of sedentary behavior; however, there are additional sedentary behaviors, such
as lying down, which may not have been captured from the survey. Future research would be
beneficial in looking at different sedentary activities in people with IBD. An additional
limitation in the current study is that we did not measure the type and frequency of medical
treatments being used by IBD participants or whether participants had undergone surgical
interventions to manage the disease.

To our knowledge this is one of the first research studies comparing physical activity,
sitting, and HRQOL in people with IBD, both in remission and disease flare, and healthy
controls. Our findings have important implications for future research in this area. We have
confirmed previous findings of differences in both physical and mental HRQOL between IBD
and healthy controls, as well as provided new evidence to show levels of physical activity,
sitting, and resilience in a relatively large sample of people with IBD. Future research should
examine the possible inter-relationships among physical activity, sitting, resilience, and
HRQOL. Research investigating different doses and modes of exercise for people with IBD
are needed to understand appropriate exercise prescriptions that do not exacerbate the
symptoms associated with I1BD.

In conclusion, our findings suggest that people with IBD, either in disease-flare or
remission, report lower levels of physical and mental HRQOL compared to healthy controls.
People with IBD in a disease flare report lower levels of physical and mental HRQOL,

particularly general health perceptions and social functioning respectively, than those in
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remission. Furthermore, IBD participants in both disease states engage in lower levels of
physical activity, report lower resilience scores but show no differences in the amount of time
spent sitting. There were no negative impacts of a disease-flare versus remission on resilience,

physical activity, and sitting in this cohort.

Study Highlights

What is current knowledge?

e Health-related quality of life is lower in people with inflammatory bowel disease than
healthy controls.

e A disease flare can further negatively impact health-related quality of life in people
with inflammatory bowel disease.

What is new here?

e Physical activity and resilience levels are lower in people with inflammatory bowel
disease compared to healthy controls.

e Disease state does not affect physical activity or resilience levels in people with
inflammatory bowel disease.

e There are no differences in time spent sitting between people with inflammatory

bowel disease and healthy controls.
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Men and women > 18 years who have a self-
reported diagnosis of IBD or are apparently
healthy (n=793)

Participants excluded from the survey:

.| * Exited prior to providing consent (n=55)
| + Did not provide informed consent (n=3)
+ Did not meet inclusion criteria (n=85)

Y

Eligible volunteers who participated in the
survey (n=646)

Participants excluded from the analysis:
+ Missing data (n=139)
+ Qutliers (n=7)

v

A 4

Data available for analyses from all
participants (n=507)

Participants with IBD (n=242) Healthy control participants (n=265)

Figure 5.1. Study schematic of inclusion of individuals into the study.



Table 5.1. Characteristics of IBD participants and healthy controls (data presented as mean+SD unless otherwise stated).

Variable All IBD IBD-Remission IBD-Flare

Healthy P-value
Participants Controls
(n=242) (n=146) (n=96) (n=265)
Age 39.6 +14.3 404 +15.1 385+12.8 36.5 + 14.4%0 <0.001
Sex, number of males (%) 48 (19.8) 36 (24.7) 12 (12.5) 64 (24.2) 0.061
Disease history, years 11.9+11.7 13.1+12.4 9.9+10.3° - <0.001
Met PA guidelines, number (%) 110 (45.4) 70 (47.9) 40 (42) 193 (73)
Education, frequency (%) 0.763
Less than high school 18 (7.4) 13 (8.9) 5(5.2) 6 (2.3)
High school 39 (16.1) 24 (16.4) 15 (15.6) 46 (17.4)
Some college/university 170 (70.3) 100 (68.5) 70 (72.9) 206 (77.7)
Postgraduate education 15 (6.2) 9(6.2) 6 (6.3) 7 (2.6)
Smoking status, frequency (%) <0.001
Never smoked 135 (55.8) 89 (61.0) 42 (43.8) 215 (81.1)
Ex-smoker 83 (34.3) 43 (29.5) 42 (43.8) 37 (14.0)
Current smoker 24 (9.9) 14 (9.5) 12 (12.4) 13 (4.9)

asignificantly different than IBD-remission (p<0.05); "significantly different than IBD-flare (p<0.05); PA, physical activity.

S6



Table 5.2. Differences across groups (healthy controls vs. IBD-flare vs. IBD-remission) after adjusting for age, sex, disease history,

education status, and smoking habits (data presented as mean+SD).

Variable All IBD IBD-remission IBD-flare Healthy P value
participants controls

Resilience 27.0+6.5 27.6 £ 6.7 26.1+6.0 29.8 + 5.5%P <0.001

HRQOL

Physical functioning composite score 442 £9.7 476+9.4 38.9+8.3 55.9 + 6.0%° <0.001
Physical functioning 48.2+09.1 505+84 44,6 £9.3 55.1+47 -
Role limitation due to physical 42.4£10.9 46.5 £ 10.0 36.1+£9.7 54.3+5.3 -

health
Bodily pain 43.6 +9.8 475+9.1 37479 52871 -
General health perceptions 37.7+£11.2 408+ 114 33.3+94 544 £ 8.7 -

Mental functioning composite score 40.7 £11.7 43.6 £11.0 36.4£11.6% 48.1 +10.0%° <0.001
Vitality 40.3+11.3 43.6 +115 355195 51.0+9.2 -
Social functioning 40.2 £11.7 445 £ 10.7 33.4+£105 51.5+£85 -
Role limitation due to emotion 42.1+12.3 451+111 37.8+129 49.1+8.6 -
Mental health 435+ 10.9 46.0 + 10.0 40.0+11.2 49.7 + 8.8 -

Physical activity & Sitting Time
Walking, minutes/week 328.6 +421.8 334.5 +368.0 301.1 + 466.4 476.5 + 535,82P 0.032
Moderate, minutes/week 173.0 + 304.4 214.0 £ 363.1 137.2 +210.8 267.8 + 370.5P 0.003
Vigorous, minutes/week 105.5 £ 186.9 115.9+£189.0 89.5+194.9 213.5+261.8** <0.001
MVPA, minutes/week 2785+ 411.7 329.9 +481.2 226.7 +315.4 481.3 +£528.9%°  <0.001
MVPA, MET-minutes/week 1536.1 £ 2712.4  1783.0 +£ 2540.8 1265.0 £ 1920.3 2779.3 +2991.5*° < 0.001
Sitting, minutes/day 423.7 £195.7 403.6 £ 191.5 447.6 £ 195.0 394.5+182.3 0.071

asignificantly different than IBD-remission (p<0.05); Psignificantly different than IBD-flare (p<0.05). HRQOL health-related quality

of life; MVVPA moderate-to-vigorous physical activity.
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Chapter Six: Manuscript Three

Associations of Physical Activity, Resilience, and Quality of Life in people with IBD

In preparation for publication to Medicine and Science in Sports and Exercise

Katrina Taylor, Philip W. Scruggs, Onesmo B. Balemba, Michelle M. Wiest, Chantal A. Vella

Abstract

Inflammatory bowel disease (IBD) is a debilitating autoimmune disease that
negatively impacts health-related quality of life (HRQOL) due to the damage to the
gastrointestinal system and extraintestinal manifestations associated with the disease. Recent
research has suggested that low- to moderate-intensity physical activity can be beneficial to
HRQOL in people with IBD; however, studies associating higher intensities of physical
activity with HRQOL in this population are lacking. PURPOSE: To understand the
relationships among physical activity (walking and moderate-to-vigorous physical activity
[MVPA]), resilience, and HRQOL in people with IBD. METHODS: People with IBD (n =
242) were recruited to complete an online survey with questions about physical activity,
resilience, and HRQOL. Pearson-product moment correlations and multiple regression
analyses were used to identify associations between physical activity levels and HRQOL..
Analysis of covariance was used to compare physical and mental HRQOL over quartiles of
walking and MVPA. Demographics, disease state, diagnosis history, resilience, and time
spent sitting were controlled for in the models/were used as covariates. RESULTS: Multiple

regression analyses showed that walking and MVPA were independently associated with
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physical (p <0.001) but not mental HRQOL (p > 0.05). Higher volumes of MVPA were
significantly associated with physical HRQOL (p < 0.001) while higher volumes of walking
were significantly associated with both physical and mental HRQOL (p < 0.01).
CONCLUSIONS: Our findings suggest that engaging in higher volumes of walking above 60
minutes/week and MVPA above 150 minutes/week were beneficial to HRQOL, particularly

physical HRQOL, in people with IBD.

Keywords: walking, moderate-to-vigorous physical activity, Crohn’s disease, ulcerative

colitis

Introduction

Inflammatory bowel diseases (IBD) such as Crohn’s disease and ulcerative colitis
affect more than 3.6 million people in the United States (13, 17). Little is known about the
cause of these autoimmune diseases that have no cure but have major symptoms and
extraintestinal manifestations that impact health-related quality of life (HRQOL) (4, 10).
Furthermore, emotional and social burdens of the disease negatively impact HRQOL in these
patients (18). The goal of treatment management in people with IBD is to improve and/or
maintain HRQOL. Recently, physical activity has emerged as a non-pharmacological
approach to increase HRQOL in people with IBD (22), with sedentary behavior believed to be
detrimental to people with IBD (20).

Low- to moderate-intensity physical activity has shown to be beneficial for HRQOL in
people with IBD (7, 14, 19); however, there is a paucity of data on this topic particularly

regarding higher intensities of physical activity. Currently, only one in four people with IBD
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participate in the recommended levels of physical activity to benefit health (15), yet emerging
research suggests that low- to moderate-intensity physical activity is safe (16, 23) and
beneficial to HRQOL in this population (19). Previous research has reported walking to be
beneficial to HRQOL in a small sample of Crohn’s disease patients (22). Similarly, Loudon et
al. (14) reported significant increases in HRQOL following a 12-week walking program in
Crohn’s disease patients. Although these studies have provided important information they
were limited by small sample sizes, restricted to people with Crohn’s disease, and only
investigated low-intensity physical activity (i.e., walking). Previous research in colorectal
cancer survivors, a disease that is related to IBD, has shown that light physical activity (27)
and MVPA are positively associated with HRQOL (3).

Resilience, defined as the ability to bounce back from adversity, is associated with
improved HRQOL in people with chronic diseases such as Parkinson’s disease (24), HIV (9),
and irritable bowel syndrome (8, 29). Furthermore, resilience has been associated with
physical activity in healthy populations (21). However, there is no research regarding
resilience levels in people with IBD and whether resilience mediates the possible relationship
between physical activity and HRQOL in this population.

Therefore, the aim of the current study was to understand the relationships among
differing intensities of physical activity, resilience, and HRQOL in people with IBD. It was
hypothesized that both walking and MVVPA would be independently associated with physical
and mental HRQOL. Furthermore, it was hypothesized that increased volumes of walking and

MVPA would be related to increased physical and mental HRQOL scores.
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Methods

Study participants and setting.

Participants, aged 18 to 65 years who were diagnosed with IBD, were recruited to
complete an online survey. The online survey, delivered through Qualtrics survey software
(Qualtrics LLC, Provo, Utah, USA), included questions from the International Physical
Activity Questionnaire (IPAQ) short version, the Short Form-36 (SF-36), and the Connor-
Davidson Resilience Scale (CD-RISC), and took approximately 10 to 15 minutes to complete.
Participants were recruited through online social networking sites and ResearchMatch.
ResearchMatch is a national health volunteer registry that was created by several academic
institutions and supported by the US National Institutes of Health as part of the Clinical
Translational Science Award (CTSA) program. ResearchMatch has a large population of
volunteers who have consented to be contacted by researchers about health studies for which
they may be eligible.

Of the 375 IBD participants who started the survey, 37 exited the survey prior to
completing the informed consent, and three participants did not provide their consent to be in
the study. Finally, 328 participants with self-reported IBD were enrolled in the study. The
study was certified exempt by the University’s Institutional Review Board and performed in
line with the principles outlined in the Declaration of Helsinki. Informed consent was

obtained from all participants enrolled in the study.
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Instrumentation

Health-related quality of life (HRQOL).

The SF-36, a generic, multidimensional instrument assessing functional status,
wellbeing, and general perceptions of health, was used to measure HRQOL. The SF-36
consists of 36 questions across two major subscales: physical functioning and mental
functioning composite scores. Scores range from 0 — 100 with higher scores indicating higher
levels of HRQOL. The SF-36 has been previously validated in people with IBD with
Cronbach’s alpha ranging from 0.72 to 0.90 in Crohn’s disease patients and from 0.74 to 0.91
in patients with ulcerative colitis (2).

Physical activity and sitting.

The IPAQ short version, which consists of seven items, was used to measure physical
activity and time spent sitting. Participants recorded their activity at varying intensities: 1)
vigorous-intensity physical activity, 2) moderate-intensity physical activity, 3) walking, and
4) sitting. MVPA was calculated as the sum of moderate- and vigorous-intensity physical
activity. The outcome variables were reported in minutes/week and MET-minutes/week. The
IPAQ is the most widely used physical activity questionnaire (26) and has shown to be
reliable in adult populations (6).

Resilience.

The 10-item CD-RISC, a single construct instrument, was used to measure resilience.
The 10-item CD-RISC has been shown to be a more valid instrument with an improved factor
structure than the 25-item CD-RISC in IBD participants (unpublished data). Total scores for
the 10-item CD-RISC range from 0 to 40, with higher scores indicating higher levels of

resilience.
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Demographics.

Demographic information from the survey included age, sex, educational status, and
smoking habits. These basic demographic variables were in additional to IBD-specific
variables such as the number of years since disease diagnosis (diagnosis history), the specific
IBD diagnosis (Crohn’s disease, ulcerative colitis, or undetermined), and the participant’s

current disease state (disease-flare or disease remission).

Sample Size Estimates
A priori sample size estimates were generated using G*Power 3.1.9.2. Using linear
multiple regression sample size calculations and estimating a small effect size (0.10) with

nine predictor variables, 207 participants would result in a power of 0.90 and an alpha of 0.05.

Statistical Analyses

Data were initially screened for missing data, normality, and outliers. Data cleaning
identified missing data (i.e., did not have overall scores for at least two instruments) from 86
cases and these cases were removed from the database leaving a final sample size of 242
participants. Physical activity variables (walking, moderate-intensity physical activity,
vigorous-intensity physical activity, and MVPA in both minutes/week and MET-
minutes/week) were non-normally distributed and were square root transformed for all
analyses. Non-transformed data are presented for ease of interpretation.

Pearson product-moment correlation analyses were used to establish associations
between physical activity, resilience, and HRQOL. Multivariate linear regression analyses,

using the Enter method, were used to establish the independent contributions of physical
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activity on the dependent variables (physical and mental HRQOL). Several regression models
were analyzed and included age, sex, education, smoking habits, disease state, diagnosis
history, resilience, and time spent sitting as covariates to determine whether measures of
physical activity were independently related to HRQOL. Analysis of covariance (ANCOVA)
tests with Bonferroni pairwise comparisons were used to detect differences in physical and
mental HRQOL across quartiles of walking and MVPA with age, sex, education status,
smoking habits, disease state, and diagnosis history used as covariates. All analyses were
conducted in SPSS version 24.0 (IBM Corporation, Armonk, New York, USA) with an alpha

level set at 0.05.

Results

Participant characteristics.

Participants self-reported that they had a physician diagnosis of IBD with all
participant characteristics displayed in Table 6.1. Participants had a mean age of 39.6 years
and had been diagnosed with IBD for an average of 11.9 years. The majority of participants
were female (80.2%) with 39.7% participants being diagnosis with Crohn’s disease and
59.9% participants diagnosed with ulcerative colitis. There were no differences in HRQOL
and physical activity between disease diagnoses. Less than 1% of participants reported a
diagnosis of IBD that had not been specific to Crohn’s disease or ulcerative colitis at the time
of the survey.

Correlations between physical activity, resilience, and HRQOL.

All correlations are presented in Table 6.2. MVPA, walking, and resilience were

positively correlated with physical HRQOL (p < 0.001). Time spent sitting was negatively
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correlated with physical HRQOL, but the strength of the association was weak (p = 0.015).
There was a significant but moderate, positive correlation between resilience and mental
HRQOL (p <0.001), while sitting trended towards a negative correlation with mental
HRQOL (p = 0.07). There were no relationships between MVPA, walking, and mental
HRQOL (p > 0.05).

Linear regression analysis.

Regression analyses are presented in Table 6.3. The linear regression results were
similar when using MVPA in minutes/week compared to MET-minutes/week; however,
slightly more variance was explained by the model using MVPA in MET-minutes/week for
physical HRQOL,; therefore, those results are presented. Results from the linear regression
analysis indicated that MVPA was associated with physical HRQOL independent of age, sex,
disease state, and diagnosis history ( = 0.098, p < 0.001) with MVPA explaining 10% of the
variance in physical HRQOL. After adjusting for resilience and sitting, MVPA remained
significantly associated with physical HRQOL (B = 0.094, p < 0.001). Walking
(minutes/week) was associated with physical HRQOL after adjusting for age, sex, disease
state, and diagnosis history ( = 0.220, p < 0.001). When resilience and time spent sitting
were added into the model, the relationship between walking and physical HRQOL was
slightly attenuated but remained independent (B = 0.195, p <0.001). Walking explained 9% of
the variance in physical HRQOL and walking, smoking habits, and disease state were the
strongest contributors to physical HRQOL in this model explaining 28% of the variance.

Further analysis showed that neither walking or MVVPA were associated with mental
HRQOL independent of age, sex, disease state, and diagnosis history (p > 0.05), or after

adjustment for resilience and sitting (p > 0.05).
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Differences in HRQOL across quartiles of MVPA and walking.

There was a significant main effect of MVPA quartile for physical HRQOL (p <
0.001) but not mental HRQOL (p = 0.08) after adjusting for age, sex, education, smoking
habits, disease state, and diagnosis history (Figure 6.1). Compared to quartile 1, quartiles 3 (p
=0.002) and 4 (p < 0.001) had significantly higher physical HRQOL. There were also
increases in physical HRQOL from quartile 2 to quartile 4 (p = 0.02) but no other differences
across quartiles (p > 0.05). MVVPA quartile 4 had the highest physical HRQOL (47.4 = 9.0)
compared to quartile 1 with the lowest physical HRQOL (40.3 + 9.0) with more than a 7-point
difference. There were no differences across MVVPA quartiles for mental HRQOL (Figure
6.1).

There was a significant main effect of walking quartiles for physical HRQOL (p <
0.001) (See Figure 6.2). There were differences in physical HRQOL between quartile 1 and
quartiles 2, 3, and 4 (p < 0.001 for all) with quartile 1 reporting the lowest physical HRQOL.
There were no differences between any of the other quartiles (p > 0.05). There was at least a
9-point increase in physical HRQOL (quartile 1: 36.4 + 9.0) vs. quartile 2: 45.4 + 9.5) when
walking more than 60 minutes/week.

There was also a significant main effect of walking quartiles for mental HRQOL (p =
0.01). Quartile 1 reported the lowest mental HRQOL (36.1 + 12.2) compared to the highest
scores of mental HRQOL in quartile 3 (43.2 £ 10.9) (p = 0.008). There were no other

differences between quartiles for mental HRQOL.
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Discussion

The aim of the current study was to understand the relationships among differing
intensities of physical activity (i.e., walking and MVPA), resilience, and HRQOL in people
with IBD. It was hypothesized that both walking and MVPA would be independently
associated with physical and mental HRQOL. Furthermore, it was hypothesized that increased
volumes of walking and MVVPA would be related to increased physical and mental HRQOL
scores.

Our results demonstrate that in people with IBD, MVVPA was significantly and
positively associated with physical HRQOL independent of demographic variables, resilience,
and sitting time. Walking was positively associated with physical HRQOL independent of
demographics, resilience, and sitting time. Furthermore, increased volumes of MVVPA were
associated with increased physical HRQOL, while increased volumes of walking were
associated with both increased physical and mental HRQOL. These findings show that
engaging in higher amounts of MVPA is related to increased physical HRQOL in people with
IBD, particularly when participating in more than 150 minutes/week of MVPA, which is
equivalent to the current physical activity recommendations for health. In addition, walking
more than 60 minutes/week was related to higher physical HRQOL in this cohort, while
walking for 180 — 420 minutes/week (approximately 30 — 60 minutes per day for 7 days)
seems to be favorable for improved mental HRQOL scores. Moreover, similar physical
HRQOL scores were found across the two sets of quartiles for walking and MVPA.

Research has shown that HRQOL is impaired in people with IBD (4, 18), with
improving and/or maintaining HRQOL one of the main treatment goals in this population.

Previous approaches to enhance HRQOL in people with IBD have included medications and
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surgical interventions; however, these are often expensive and with their own complications
(Cohen et al., 2000). Recently, research has begun to investigate non-pharmacological
treatment approaches, such as physical activity, to improve HRQOL in people with IBD (12,
22, 28). Findings have shown that low- to moderate-intensity physical activity is beneficial for
improving HRQOL in people with IBD (14), yet there is a lack of research concerning the
impact of higher levels of physical activity on HRQOL in this population.

Previous research in colorectal cancer survivors has shown that MVPA is beneficial to
HRQOL (3). IBD is considered a high-risk condition for developing colorectal cancer due to
the chronic inflammation (11), suggesting that the beneficial effects of physical activity in one
disease may carry to the other. Our findings indicate that walking and MVPA were both
associated with increased physical HRQOL; however, there did not seem to be any
relationship with physical activity and mental HRQOL. These findings support previous
research in colorectal cancer survivors, which show positive associations between physical
activity and physical HRQOL but not mental HRQOL (3). An interesting finding in the
current study is that disease state (i.e., disease flare versus disease remission) substantially
contributed to each of the regression models, explaining 14% of the variance. This finding
supports the understanding that disease state impacts HRQOL in people with IBD (1-2, 5).
Therefore, disease state should be considered when recommending physical activity to
improve HRQOL in people with IBD, future research investigating the benefits of physical
activity during a disease flare is warranted.

To our knowledge, this study is the first to investigate the role of resilience on
HRQOL in people with IBD. Our study shows that the positive relationships between MVPA,

walking and physical HRQOL were independent of resilience scores. However, resilience was
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positively correlated with both physical and mental HRQOL in this population. These
findings are in support of previous research in other chronic diseases such as HIVV/AIDS (9)
and Parkinson’s disease (24), which have shown that increased resilience levels are related to
higher perceived physical and mental HRQOL. Our data further indicate that resilience had a
stronger association with mental HRQOL than physical HRQOL, suggesting that the ability to
bounce-back from adversity may be more beneficial to mental than physical HRQOL in this
sample.

There are limitations in the current study that should be recognized when interpreting
the results. Our findings are limited by a convenience sample and self-reported levels of
HRQOL, physical activity, sitting, and resilience. Our participants were a predominantly
female convenience sample of volunteers, which may limit the generalizability of our findings
to all people with IBD. The self-reported variables in the study may be biased, particularly
with the overestimation of physical activity (25).

Despite these limitations, to our knowledge this is the first study to investigate the
associations between MVVPA and HRQOL in people with IBD. By quantifying these
relationships, we can improve our understanding of the benefits of MVPA on HRQOL,
particularly the physical component of HRQOL. Future research is needed to confirm these
findings with a random sample of IBD participants and with objective measures of physical
activity. The current study is not causative in nature; therefore, longitudinal research in this
area is warranted to investigate whether increasing levels of MVPA is beneficial to HRQOL
in people with IBD.

In conclusion, we have found that walking and MVPA are independently and

positively associated with physical but not mental HRQOL. Furthermore, increased volumes
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of walking and MVPA are related to higher levels of HRQOL in this cohort. Our findings
show that walking more than 60 minutes/week can have beneficial effects on physical and
mental HRQOL while participating in higher volumes of MVPA, preferably greater than 150

minutes/week, is beneficial to physical HRQOL in people with IBD.
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Table 6.1. Participant characteristics (n = 242).

Variable Mean £ SD*
Sex, frequency of males (%) 48 (19.8)
Age, years 39.6 +14.3
Diagnosis history (years) 11.9+11.7
IBD Diagnosis, frequency (%)
Crohn’s disease 96 (39.7)
Ulcerative colitis 145 (59.9)
Undetermined diagnosis 1(0.4)
Disease State, frequency (%)
Disease-flare 96 (39.7)
Disease remission 146 (60.3)
Resilience 27.0+6.5
Sitting, minutes/day 423.7 £ 195.7
Education, frequency (%)
Less than high school 18 (7.4)
High school 39 (16.1)
Some college/university 170 (70.3)
Postgraduate education 15 (6.2)
Smoking status, frequency (%)
Never smoked 135 (55.8)
Ex-smoker 83 (34.3)
Current smoker 24 (9.9)
HRQOL
Physical functioning composite score 442 £9.7
Physical functioning 48.2+9.1
Role limitations due to physical health 42.4 £10.9
Bodily pain 43.6+9.8
General health perceptions 37.7+11.2
Mental functioning composite score 40.7 £ 11.7
Vitality 40.3+11.3
Social functioning 40.2 £ 11.7
Role limitations due to emotional problems 42.1+12.3
Mental health 43.5+10.9
Physical activity*
Vigorous-intensity, minutes/week 105.5 +186.9
Vigorous-intensity, MET-minutes/week 843.9 + 1495.0
Moderate-intensity, minutes/week 173.0 £ 304.4
Moderate-intensity, MET-minutes/week 692.2 +1217.4
MVPA, minutes/week 2785+ 411.7
MVPA, MET-minutes/week 1536.1 + 2712.4
Walking, minutes/week 328.6 +421.8
Walking, MET-minutes/week 1084.5 + 1391.9

*Square-root transformed variables
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Table 6.2. Correlations between physical activity variables, resilience, and HRQOL.

Diagnosis Physical Mental

Age History HRQOL HRQOL
Time spent sitting 0.002 0.01 -0.16 -0.12
Walking* -0.192 -0.142 0.30° 0.04
MVPA* -0.02 -0.01 0.31° 0.07
Resilience 0.28° 0.09 0.23" 0.54°

*Square-root transformed. 2p < 0.05. °p < 0.001.

Table 6.3. Multiple linear regression analyses to examine the independent associations

between physical activity and physical and mental HRQOL.

Dependent AIC Independent B+ SE Standardized P
variable variables* of the estimate beta
Physical HRQOL
Model 1R2=0.31 1013.79 MVPA 0.10+£0.02 0.27 <0.001
Model 2 R>=0.34 1001.72 MVPA 0.09 £ 0.02 0.26 <0.001
Model 3R?=0.35 961.65 MVPA 0.09 £ 0.02 0.26 <0.001
Physical HRQOL
Model 1 R>=0.30 1009.65 Walking 0.22 £0.05 0.24 <0.001
Model 2R?=0.32  999.12 Walking 0.20 £ 0.05 0.22 <0.001
Model 3R?=0.33  965.23 Walking 0.20 £ 0.06 0.21 0.001
Mental HRQOL
Model 1 R?=0.21 1133.74 MVPA 0.03+0.03 0.06 0.35
Model 2 R>=0.39 1069.98 MVPA 0.01 £ 0.02 0.02 0.67
Model 3R?=0.37 1028.20 MVPA 0.01+0.03 0.02 0.79
Mental HRQOL
Model 1 R?=0.21 1123.49 Walking 0.11 + 0.07 0.10 0.10
Model 2R?=0.39 1060.84 Walking 0.02 £ 0.06 0.02 0.78
Model 3R?=0.37 1024.75 Walking 0.01 +0.06 0.01 0.83

*All independent variables listed were square-root transformed. Model 1 adjusted for age,
sex, education, smoking habits, disease state, and diagnosis history; Model 2 adjusted for age,
sex, education, smoking habits, disease state, diagnosis history, and resilience; Model 3
adjusted for age, sex, education, smoking habits, disease state, diagnosis history, resilience,

and sitting time.
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Figure 6.1. Associations between MVPA quartiles and physical (white) and mental (black)
HRQOL (quartile 1: 0 minutes/week [n = 68]; quartile 2: 1 — 149 minutes/week [n = 77];
quartile 3: 150 — 299 minutes/week [n = 41]; quartile 4: > 300 minutes/week [n = 79]).
3significantly different to quartile 1 (p < 0.05); Psignificantly different to quartile 1 (p <

0.001); Ssignificantly different to quartile 2 (p < 0.05).
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Figure 6.2. Association between walking quartiles and physical (white) and mental (black)
HRQOL (quartile 1: < 60 minutes/week [n = 55]; quartile 2: 60 — 180 minutes/week [n = 70];
quartile 3: 181 — 420 minutes/week [n = 61]; quartile 4: > 420 minutes/week [n = 56]).
3significantly different to quartile 1 (p < 0.05); Psignificantly different to quartile 1 (p <

0.001).
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