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Abstract

Background: Psychological stress negatively impacts inflammatory bowel disease (IBD)
outcomes. Patients have prioritized access to online interventions; yet, the data on these have
been limited by mixed in-person/online interventions, low adherence, and non-randomized
controlled trial (RCT) design.

Objectives: We assessed the efficacy of and adherence to a 12-week online multicomponent
stress reduction intervention in IBD.

Design: This is a RCT.

Methods: Adult participants on stable IBD medical therapy with elevated stress levels from
four centers were randomized to intervention or control groups. Intervention participants
received a 12-week online program including a weekly yoga, breathwork and meditation video
(target 2-3 times/week], a weekly cognitive behavioral therapy/positive psychology informed
video activity, and weekly 10-min check-ins by a study team member. Control participants
received weekly motivational messages by email. All patients received standard of care

IBD therapy. The primary outcome was Cohen’s Perceived Stress Scale (PSS). Secondary
outcomes evaluated mental health, resilience, health-related quality of life ([HRQoL), symptom
indices, acceptability, adherence, and inflammatory biomarkers. Analysis of covariance was
used to determine between-group differences.

Results: Of 150 screened patients, 101 were randomized to the intervention (n=49) and
control (n=52) groups (mean age: 42.5 = 14.1years; M:F 1:3, 48% with ulcerative colitis and
52% with Crohn’s disease). The between-group PSS improved by 22.4% (95% confidence
interval, 10.5-34.3, p <0.001). Significant improvements were seen in mental health,
resilience, and HRQoL measures, with a median satisfaction score of 89/100 at the end of
the 12weeks. In the 44/49 patients who completed the intervention, 91% achieved program
adherence targets.

Conclusion: This 12-week online intervention improved perceived stress, mental health, and
HRQoL, but did not impact IBD symptom indices or inflammatory biomarkers. The program
was readily adopted and adhered to by participants with high retention rates. After iterative
refinement based on participant feedback, future studies will evaluate the impact of a longer/
more intense intervention on disease course.
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Plain Language Summary

An online stress reduction intervention in inflammatory bowel disease patients
improves stress, mental health, and quality of life

People with inflammatory bowel disease (IBD] have high levels of stress, anxiety, and
depression. Although IBD patients have expressed the need for online mental wellness
interventions, the existing data to support these interventions in IBD are limited. In this
trial, 101 IBD patients had the chance to participate in a 12-week online stress reduction
intervention. In those patients randomly selected to participate in the online intervention,
each week they received the following: a 20- to 30-min yoga, breathwork, and meditation
video that they were asked to do 2-3 times a week, a 10- to 20-min mental wellness
activity they were asked to do once during the week, and a 10-min telephone check-

in with a study team member. Participants who were not selected to use the online
intervention received a weekly motivational message by email. In all, 90 of the 101
participants (89%) completed the study with the mean age of participants being 43years
and the majority being females (75%). Ninety-one percent of participants who completed
the intervention met the program target of doing the yoga, breathwork, and meditation
video at least 2 times per week. Significant improvements were seen in perceived stress
(by 22.4%), depression (by 29.5%), anxiety (by 23.7%), resilience (by 10.6%), and quality of
life (by 8.9%]). No changes were seen in IBD severity or in blood markers of inflammation.

more intense intervention.

In conclusion, this study demonstrates evidence that a 12-week online stress reduction
intervention had low dropout rates, high adherence and beneficial effects on stress,
mental health, and quality of life measures. Continued feedback will be sought from
study participants and our IBD patient partners to refine the intervention and assess the
impact in future studies of patients with active IBD, as well as the impact of a longer/
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Introduction

Inflammatory bowel disease (IBD) is a group of
chronic, systemic inflammatory disorders with a
high prevalence in North America and Europe.!
Although the underlying etiology is unclear, it is
thought that IBD manifests due to a combination
of environmental, immune, and genetic factors.2:3
One in five people with IBD has depression or
anxiety, rates higher than expected in the general
population.* Psychiatric comorbidities predict
increased healthcare utilization, decreased
response to therapy, and worse health-related
quality of life (HRQoL).%% Psychological stress is
associated with symptomatic IBD flares, systemic
pro-inflammatory responses, an earlier time to
relapse, worse HRQoL, and adverse health out-
comes.” !l A recent study of 92 patients with
ulcerative colitis (UC) and 137 patients with
Crohn’s disease (CD) concluded that high levels

of stress resilience were independently associated
with a better HRQoL, lower disease activity, and
fewer surgeries.!? In total, 11 national practice
guidelines recommend the integration of stress
reduction approaches in IBD management, yet
this is not routinely provided to patients.!3

Studies exploring psychological stress interven-
tions in IBD have demonstrated mixed results,!423
with some evidence that a greater effect may be
seen in patients with higher baseline stress lev-
els.2%25 To date, most programs have involved
supervised in-person interventions. This require-
ment for travel is often a challenge for patients in
rural areas or those who work or have caregiver
responsibilities. This can lead to high dropout
and low adherence rates.!8:2%22 It is not surprising
that more patients with IBD prefer online versus
in-person stress reduction interventions, the
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appeal potentially increasing even further with the
COVID-19 experience.2% There is limited rand-
omized controlled trial (RCT) data to support
purely online mental wellness interventions in
IBD, with most online studies using a combina-
tion of in-person and online programming and
reporting poor adherence rates.!5:27-29

To build upon existing evidence, we worked col-
laboratively with our IBD patient partners to
develop a 12-week online intervention [the Peace
Power Pack (PPP)]. The intervention is unique in
that it is fully online, multicomponent, and pro-
gressive over 12weeks. It combines eastern stress
reduction practices (i.e. yoga, breathwork, medi-
tation) alongside western practices [i.e. cognitive
behavioral therapy (CBT) and positive psychol-
ogy informed activities]. Using a RCT design,
our primary outcome was the change in Cohen’s
Perceived Stress Scale (PSS).30 Our secondary
outcomes included changes in psychological well-
being, resiliency, HRQoL, IBD symptom indices,
acceptability, and adherence. Exploratory analy-
sis included effects on inflammatory biomarkers
and serum cytokines. Our hypothesis was that the
12-week intervention delivered to patients with
elevated PSS scores would positively impact pri-
mary and secondary outcomes when compared to
the control group, be highly acceptable to partici-
pants and be associated with high adherence.

Methods

Study population

Eligible participants (=18years of age) required
an endoscopically and histologically confirmed
diagnosis of either UC or CD, stable IBD therapy
for 1 month prior to randomization, and an ele-
vated PSS (= 8). Stable therapy was defined as (1)
no change in the dose of 5-aminosalicylate or
immunomodulator; (2) no change in the dose or
frequency of biologic; and (3) maintenance phase
of biologic therapy. Exclusion criteria are as fol-
lows: Hospital Anxiety and Depression Scale
(HADS) depression subcomponent score >10
(high probability of severe depression),3! PSS
score <7 [cutoff represents patients in the bottom
quartile of PSS scores across a registry of IBD
patients (#=91) derived from the Inflammation,
Microbiome, and Alimentation: Gastrointestinal
and Neuropsychiatric Effects (IMAGINE)
cohort32], Clostridioides difficile diagnosed within

1 month of baseline, steroid use within 1 month of
baseline, new onset of treatment for anxiety or
depression within the past 3 months, psychosis, or
inability to provide informed written consent in
English. To increase generalizability to a real-
world population, a pre-existing diagnosis of
depression or anxiety was not considered an exclu-
sion criterion. Moreover, although stable IBD
therapy for 1month prior to randomization was
required, patients were not excluded based on
their clinical scores [Harvey-Bradshaw Index
(HBI) for CD,33 partial Mayo (pMayo) score for
UC?34] or biochemical markers. Inclusion in the
study did not prohibit standard of care IBD ther-
apy, including escalation of medications for clini-
cal or biochemical disease activity at the discretion
of the participant’s primary gastroenterologist.

Study design

The PPP RCT enrolled consecutive, consenting
patients at four gastroenterology tertiary care
centers in Edmonton, Alberta between February
2019 and March 2020. The UC and CD proto-
cols were approved by the University of Alberta’s
Research Ethics Office located in Edmonton,
Alberta, Canada on 15 April 2018 (Pro00079377)
and 26 June 2018 (Pro00082125), respectively.
This trial was registered with www.ClinicalTrials.
gov (Identifier NCT03831750). The study was
advertised using clinic posters and recruitment
through local IBD physicians. Patients were ran-
domly allocated 1:1 to the intervention or control
group using a computer randomization plan
(www.randomization.com) and creation of
securely stored sealed envelopes by personnel not
involved in the RCT. Control group participants
were given the option of taking part in the inter-
vention after their 12-week control period was
complete. This RCT was reported according to
the CONSORT guidelines and the checklist is
available as supplemental material.35

Control group

To minimize engagement bias, standard of care
participants received weekly themed emails con-
taining a different one line motivational quote
each week (e.g. Don’t believe everything you
think, Jenny Bogart) and a countdown to the pro-
gram start. All also received standard of care con-
ventional IBD treatment, as per their treating
gastroenterologist.
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Intervention group

In addition to standard of care conventional IBD
treatment, intervention participants received the
multicomponent stress reduction intervention
(see more details in Supplemental Table 1). The
core 12-week multicomponent online interven-
tion included two components: (i) a progressive
weekly follow-along yoga, breathwork, and
guided meditation video (20- to 30-min time
commitment per video), which patients were
asked to complete 2—-3 times/week and (ii) a psy-
chology-based video with accompanying activity
informed by CBT or positive psychology (10- to
20-min time commitment per video), which
patients were asked to complete weekly.
Supplementary program videos included are as
follows: a weekly introductory video (3-5min)
discussing the theme for the week and an IBD
nutrition tip video (3-5min). All programming
was developed and delivered by qualified person-
nel. The program content varied from week to
week and was distributed in a gated fashion with
new content being ‘unlocked’ each week. The
intervention was accessible via a password pro-
tected website and prior to launch, the content of
the PPP had been reviewed and edited by our
patient partners in informal focus groups.

Participants allocated to the PPP intervention
had a baseline website orientation visit facilitated
by a standardized training video. Intervention
participants also received a 10-min telephone
touchpoint once weekly from the research assis-
tant. A standardized script probed about three
areas on each weekly call: assistance required
with the website, assistance required with the
content, and participant feedback including
adherence data to the core program. All interven-
tion participants were asked to keep an adherence
journal.

Data collection and outcome measures. At study
baseline, data were gathered on patient character-
istics including sex, age, smoking history, body
mass index, hospitalization within 1year of base-
line, time since last flare, disease phenotype based
on the Montreal classification,3® IBD medication,
previous exposure to yoga and meditation, and
baseline fecal calprotectin (FCP) levels. Primary
and secondary outcome measures were collected
at baseline and 12 weeks. The primary study out-
come was the change in stress measured by the
PSS. The PSS-10 is a 10-item scale that assesses
the degree to which life has been experienced as

unpredictable, uncontrollable, and overloaded
over a 1-month time interval.3° Secondary out-
comes included changes in the HBI for CD;33 the
pMayo score for UC;3* the HADS — 14-item scale
measuring possible anxiety and depressive
states;3! Pittsburgh Sleep Quality Index — 19-item
scale assessing sleep quality and disturbances over
a 1-month interval;3? Short Inflammatory Bowel
Disease Questionnaire (SIBDQ) — 10-item dis-
ease-specific HRQoL scale;?® EuroQol 5 Dimen-
sion and visual analog scale (EQ-5D-5L) —generic
5-item survey and visual analog scale to assess
perceived health status;>® Connor-Davidson
Resilience Scale (CD-RISC) — 25-item tool to
assess resilience;* and the Psychological Well-
Being scale — 42-item survey to measure Six
aspects of well-being.*! Notably, patients with an
ostomy or pouch did not have IBD disease sever-
ity (HBI or pMayo) recorded as these symptom
indices are not validated in this patient
population.

End-of-study acceptability/satisfaction question-
naires were completed by intervention partici-
pants to rate the intervention components on a
5-Point Likert scale ranging from “Very
Dissatisfied’ to ‘Very Satisfied’. Using a 0-100
visual scale, the intervention allocated partici-
pants were asked about overall satisfaction and
likelihood of continuing with the program and/or
implementing discrete aspects of it after 12 weeks.
Given the proposed relationship between stress
and adverse outcomes, including inflamma-
tion,%10:11 as part of our exploratory aims, for
patients who were able to come into the study
facility, baseline, and end-of-study blood samples
were collected and analyzed for the following:
high sensitivity C-reactive protein (hs-CRP),
inflammatory cytokines [interleukin (IL)-6,
IL-10], tumor necrosis factor-alpha (TNFa) and
other proteins involved in growth and immunity
(brain-derived neurotrophic factor (BDNF),
indoleamine 2,3-dioxygenase (IDQO), and trigger-
ing receptor expressed on myeloid cells 2 (TREM-
2)). Analyses used the DuoSet enzyme-linked
immunosorbent assay kits (R&D Biosystems,
Minneapolis, MN, USA) following the manufac-
turer’s instructions. Serum dilutions required for
this population and assay type were as follows: hs-
CRP 10,000x; BDNF 400%x; IDO 20X;
TREM-2 4X; IL-10, IL-6, TNFa 1X.

Statistical analyses. The sample size calculation
was based off of the PSS. A 20% reduction in a
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Enrolment

Assessed for eligibility (n=150)

Excluded (n=15)

-PSS score too low (n=5)
-HADS score too high (n=6)
-Not IBD (n=4)

Not interested in participating

Randomization (n=101)

(n=34)

Figure 1. Patient recruitment and flow through the trial.

similar measure, the Perceived Stress Question-
naire has differentiated those with and without
disease relapse.? Based on our pilot data and the
available literature,*> we estimated that only 5%
of participants in the control group would have a
20% reduction in the PSS as compared to 30% in
the intervention group. A sample size of 72
patients (36 control and 36 intervention) would
have a power of 80% with an o of 0.05 to detect
this difference. Allowing for a dropout rate of
30%, the sample size was increased to 100
patients.

Variables were reported as means and standard
deviations or frequencies and proportions.
Depending on the variable distribution, Pearson’s
chi-squared, Fisher’s exact, or independent sam-
ple t-tests were used to compare characteristics
between the intervention and control groups. To
analyze the impact of the intervention on the PSS,
we used analysis of covariance (ANCOVA). We
tested the assumptions that there were no differ-
ences in baseline PSS values between groups and
that the impact of the intervention did not differ
depending on the baseline value. We conducted a
linear regression model predicting change in PSS
where the intervention was the primary predictor
and PSS at the end of the study was the primary
outcome. The model was adjusted for baseline
PSS score and any additional baseline

Allocated to Intervention (n=49) Allocation Allocated to Control (n=52)
Lost to follow-up (n=5) Follow-up Lost to follow-up (n=6)
Analyzed ITT (n=49) Analysis Analyzed ITT (n=52)

characteristics that were statistically different
between the two groups. The beta coefficient of
the intervention variable represented the absolute
improvement of the intervention and relative
improvement of the intervention was defined as
the percentage difference in PSS score at the end
of the study between the intervention and control
group (absolute improvement+mean end of
study PSS score in control group). The same
ANCOVA procedures were also used to test our
secondary outcomes. The intention-to-treat anal-
yses imputed missing values with the last observa-
tion carried forward method and were conducted
using SAS software Version 9.4, Cary, NC, USA.

Results

A total of 150 patients were screened for the trial:
34 declined to participate and 15 were excluded
(Figure 1). Of the 101 patients randomized, 49
were allocated to the intervention group and 52 to
the control group. After the 12-week interven-
tion, the overall attrition was 10.9% (intervention
n=5; control n=6) with 90 patients remaining at
the end of study.

Patient baseline characteristics
The mean age of participants was 42.5 *+ 14.1 years,
75% were female, 48% had UC, and 52% had CD
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(Table 1). Within the previous year, 10% had been
hospitalized for IBD-related reasons and 16.8%
required a course of prednisone. Those rand-
omized to the intervention group were older
(45.4*14.0years wversus 39.7+13.8years, p=
0.04) and had a greater proportion of patients with
UC maintained on biologic therapy (66.7% versus
37.5%, p=0.04). Participants had quiescent dis-
ease as indicated by the mean baseline measures of
HBI of 4.2+2.5, pMayo of 1.4*+1.6, CRP of
7.4+26.5mg/L,, and FCP of 150.6 = 372 mg/kg.
Two patients with CD had an ileostomy and two
patients with UC had an ileal pouch-anal
anastomosis.

Primary outcome

After adjusting for PSS, age, and biologic therapy
at baseline in our linear regression model, there
was a significant change in the PSS between base-
line and end of study in the intervention arm
compared to the control arm. This translated to
an absolute improvement of 4.09 [95% confi-
dence interval (CI), 1.67-5.83] and a relative
improvement of 22.4% (95% CI, 10.5-34.3),
$»<<0.001 (Tables 2 and 3).

Secondary outcomes

Data on secondary outcomes are presented in
Tables 2 and 3. There was a significant absolute
improvement in the HADS total (3.83, 95% CI:
2.00-5.65, p<<0.001), HADS anxiety (2.15; 95%
CI: 1.04-3.25, p<<0.001), HADS depression (1.55,
95% CI: 0.57-2.54, p=0.002), SIBDQ (4.49; 95%
CI: 2.03-6.95, p<<0.001), EQ-5D-5L (6.99; 95%
CI: 2.30-11.69, p=0.003), and CD-RISC (7.01;
95% CI: 3.50-10.52, p<<0.001). Relative scores are
presented in Table 3. There were no significant dif-
ferences between study groups regarding HBI or
pMayo scores (Table 3). Moreover, during the
3-month study period, 1/49 (2.0%) in the interven-
tion arm versus 4/52 (7.7%) in the control arm expe-
rienced either a change/addition of biologic therapy
or received a course of prednisone. This difference
was not statistically different (p value=0.36). Only
one patient in the control arm underwent an IBD-
related hospitalization and the same patient was also
started on biologic therapy and prednisone.

Exploratory outcomes
Baseline and end-of-study data for exploratory
outcomes were available in 40 of the 49

intervention patients and 39 of the 52 control
patients. There were no differences in baseline
serum levels of TNFa, IL-6, IL-10, BDNF,
TREM-2, and hs-CRP between groups. When
converted to change from baseline to study end,
only IDO significantly decreased in the interven-
tion group (mean difference: —11.9; 95% CI:
-22.7, —1.2, p=0.03) (Supplemental Tables 2
and 3).

Adherence. Available in 44 of the 49 intervention
patients who completed 12 weeks of program-
ming, 91% met program adherence targets.
Weekly program completion rates for the yoga,
breathwork, and meditation video were as follows:
once per week or less (4/44 or 9.1%), 2-3 times
per week (29/44 or 65.9%), 4-5 times per week
(6/44 or 13.6%), and daily (5/44 or 11.4%).

Program satisfaction (Figure 2). Rated from 0 to
100 (‘Not Satisfied’ to ‘Extremely Satisfied’), the
median satisfaction score was 89% with an inter-
quartile range of 73-95%. Rated from 0 to 100
(‘Not Likely’ to ‘Extremely likely’), the median
likelihood of continuing any element of the pro-
gram after 12 weeks was 87% (interquartile range:
71-98%). Qualitative interview data added much
depth to this survey data (reported separately).

Discussion

We report our findings of a multi-center RCT
evaluating a 12-week multicomponent online
stress reduction intervention in 101 participants
with IBD. Statistically significant between-group
reductions were seen in the primary outcome of
stress, and secondary outcomes of anxiety and
depression with improvements in the scores for
quality of life and resilience, but no change in
IBD disease severity or exploratory cytokine
measures. The clinical significance of the findings
on mental health can best be appreciated when
looking at the HADS total score. This measure
includes anxiety and depression. Data from sev-
eral studies support a minimally clinically impor-
tant difference of 1.5-2.4%%5 The current study
demonstrated an absolute improvement of 3.8 in
this score, with a relative improvement of 26%. A
similar relative improvement of 22% was seen in
the PSS. High adherence and program accepta-
bility were seen.

Our main findings are threefold. First, interven-
tion efficacy was demonstrated across a range of
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Table 1. Patient baseline characteristics.

Total (n=101)

Control group (n=52)

Intervention group (n=49) p Value

IBD type
uc
CcD
Age (years)
Male sex
Smoking history
Smoker
Ex-smoker
Nonsmoker

BMI

IBD hospitalization within 1year prior to
baseline

Time since last IBD flare (months)

Clinical flare within 1year prior to
baseline

Hemoglobin (g/L)

CRP (mg/L)

FCP (mg/kg)

Previous exposure to yoga
Previous exposure to meditation
Self-reported history of depression
Self-reported history of anxiety

Self-reported history of PTSD

CD symptoms, phenotype, and medications

HBI

Montreal classification
L1
L2
L3
L4
B1

48 (47.5%)
53 (52.4%)
425+ 141
25 (24.7%)

3 (3.0%)
26 (25.7%)
68 (67.3%)
26.6*+5.4
10 (10%)

31.4*52.0
38 (37.6%)

137.4+19.1
7.4+265
150.6 + 372
36 (35.6%)
25 (24.8%)
21 (20.8%)
39 (38.6%)
5 (5.0%)

42+25

16/53 (30%)
9/53 (17%)
22/53 (42%)
6/53 (11%)
30/53 (56.6%)

24 (46.2%)
28 (53.8%)
39.7+£13.8
12 (23.1%)

2 (3.8%)
13 (32.7%)
33 (63.5%)
27 +5.6
4(7.7%)

27.6 £28.1
19/52 (36.5%)

136.1+24.5
9.5+34.6
194.0 + 538.6
19 (36.5%)
12 (23.1%)

11 (21.2%)

22 (42.3%)

2 (3.8%)

45+27

9/28 (32%)
4/28 (14%)
10/28 (36%)
5/28 (18%)
16/28 (57.1%)

24 (49.0%) 0.84
25 (51%)

45.4+14.0 0.04
13 (26.5%) 0.69
1(2.0%) 0.66
13 (26.5%)

35 (71.4%)

26.1+5.1 0.41
6 (12.2%) 0.52
35.6+469.3 0.44
19/48 (39.6%) 0.84
138.7+12.0 0.52
5.6+16.0 0.51
121.4+195.9 0.42
17 (34.7%) 0.85
13 (26.5%) 0.69
10 (20.4%) 1.0
17 (34.7%) 0.54
3 (6.1%) 0.6
3.9+2.4 0.42
7/25 (28%) 0.38
5/25 (20%)

12/25 (48%)
1/25 (4%)
14/25 (56%) 0.82

(Continued)
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Table 1. (Continued)
Total (n=101) Control group (n=52) Intervention group (n=49) p Value

B2 18/53 (34.0%) 10/28 (35.7%) 8/25 (32%)

B3 5/53 (9.4%) 2/28 (7.1%) 3/25 (12%)

p 6/53 (11.3%) 3/28 (11%) 3/25 (12%) 0.63
5-ASA 11/53 (21%) 7/28 (25%) 4125 (16%) 0.51
Azathioprine 10/53 (18.9%) 6/28 (21.4%) 4/25 (16%) 0.73
Biologics 32/53 (60.4%) 16/28 (57.1%) 16/25 (64%) 0.78
Prednisone within 1year of baseline 6/53 (11.3%) 3/28 (10.7%) 3/25 (12%]) 1.0
UC symptoms, phenotype, and medications
pMayo score 1.4+1.6 18+18 +13 0.17
Montreal classification

E1 6/48 (12.5%) 2/24.(8.3%) 4[24 (16.7%) 0.62

E2 14/48 (29.2%) 8/24 (33.3%) 6/24 (25%)

E3 28/48 (58.3%) 14/24 (58.3%) 14/24 (58.3%)
5-ASA 22/48 (45.8%) 13/24 (54.2%) 9/24 (37.5%) 0.39
Azathioprine 8/24 (33.3%) 6/24 (25.0%) 2/24 (8.3%) 0.25
Biologics 25/48 (52.1%) 9/24 (37.5%) 16/24 (66.7%) 0.04
Prednisone within 1year of baseline 11/48 (22.9%) 6/24 (25%) 6/24 (25%) 0.73

5-ASA, 5-aminosalicylate; BMI, body mass index; CD, Crohn’s disease; CRP, C-reactive protein; FCP, fecal calprotectin; HBI, Harvey-Bradshaw
Index; IBD, inflammatory bowel disease; pMayo, partial Mayo; PTSD, post-traumatic stress disorder; UC, ulcerative colitis.

mental health and HRQoL outcomes compared
to controls. The IBD community has long
acknowledged psychosocial health as a key clini-
cal and research priority alongside mucosal heal-
ing.*¢ The current study adds to the existing
literature not only because it had a significant
effect on a range of outcomes, but also because
these results were achievable by a scalable pro-
gram that was delivered over a purely online plat-
form, did not require direct psychologist support,
and had high adherence and retention rates. The
study was also unique in that it combined eastern
practices of yoga and breathwork together with
western practices of CBT and positive-psychol-
ogy-based behavioral programming. Other pub-
lished RCTs have evaluated online stress
reduction/mind-body wellness interventions in
IBD with varying durations and discordant
results.1%:28:29 A study published in 2016 provided

IBD patients with a self~-administered online CBT
intervention. It was associated with increased
HRQoL in those who completed it, but the attri-
tion rate was 74% across 12weeks of the study.!’
Furthermore, in spite of similar participant base-
line PSS-10 levels compared to our study, there
were no reported differences in PSS-10 scores
between the intervention and control groups,
possibly related to the broader inclusion of par-
ticipants with any baseline PSS-10 score.
Mikocka-Walus ez al. studied the effect of a
10-week online or face-to-face CBT intervention
in IBD patients and demonstrated no difference
in clinical remission at 24months in spite of a
potential benefit at 6 months.?° Their interven-
tion completion rate was 25.7%. More recently, a
RCT in 57 patients included four Internet-based
therapy modules and four face-to-face support
sessions carried out over 8 weeks. Survey-based
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Table 2. Symptom indices, perceived stress, HRQoL, stress resilience, mental health, and sleep quality outcomes.

Control group (n=52)

Intervention group (n=49)

p Value

Baseline End of study Baseline End of study  Between-group end of study

PSS 18.4%+6.0 18.2+7.3 18.1+£5.8 14.3+5.9 <0.001
pMayo 1.7+1.8 1.3x1.7 1.0+1.3 0.8=1.1 0.42
HBI Lib+2]7 45+28 4123 4.2+3.7 0.96
HADS total 14.1+4.8 14.6 £5.4 14.1+4.9 10.9 +4.2 <0.001
HADS anxiety 8.69+3.25 8.96+3.63 9.00+3.39  7.00*+2.92 <0.001
HADS depression 5.20+2.85 5.17%3.10 498+257 3.66*+2.18 0.002
Belief that stress impacts IBD 73.3+22.7 72.0£26.9 73.8+£143  68.7£253 0.68
Global PSQl 8.2+3.7 7.9+3.6 8.6 3.1 7.4+3.5 0.187
SIBDQ 48.1+8.8 50.2+9.7 48.2+8.9 55.2+7.2 <0.001
EQ-5D visual analog scale 68.2+185 70.4%+17.1 67.6*+15.0 77.2x11.9 0.003
CD-RISC 67.7+13.6 68.1+14.8 645+12.7 71.5+128 <0.001
PWB self-acceptance 17.0+£3.5 17,333 15.2+3.5 16.7+3.4 0.23
PWB purpose 17.0+3.3 16.8+3.5 15.6 +3.2 16.5+3.3 0.31
PWB environmental mastery 14.9+3.5 198 = 3.8 14.2+3.2 15.7+3.5 0.24
PWB positive relations 16.4+ 4.1 16.5+4.0 15.8+3.7 17.3£3.6 0.008
PWB autonomy 15.8+£3.9 15.8+3.8 15.1+3.6 16.3£3.0 0.082
PWB growth 18.3+2.7 18.2+3.2 17.3%£2.6 18.4+2.6 0.124

CD-RISC, Connor-Davidson Resilience Scale; EQ-5D, EuroQol-5 Dimensions; HADS, Hospital Anxiety and Depression Scale; HBI, Harvey-Bradshaw
Index; HRQoL, health-related quality of life; IBD, inflammatory bowel disease; pMayo, partial Mayo score; PSQl, Pittsburgh Sleep Quality Index; PSS,
Perceived Stress Scale; PWB, Psychological Well-being Scale; SIBDQ, Short Inflammatory Bowel Disease Questionnaire. The italicized p-values are

statistically significant.

measures were not assessed. The outcome assess-
ment occurred after 6 months, demonstrating sig-
nificant between-group differences in FCP and
CRP levels.?® The durable effect of this interven-
tion may be attributable to the mindfulness-
based intervention itself and by extension, the
100% adherence rate of participants. Our RCT
builds upon this literature as we report on both
inflammatory biomarkers/cytokines and patient-
reported outcomes.

Despite the significant impact on mental health
and HRQoL measures, in the current study, there
was no impact on IBD disease severity indices,
inflammatory cytokines, or additional exploratory

markers (e.g. BDNF, TREM-2). The decrease in
IDO is interesting in that IDO is a rate-limiting
enzyme in the kynurenine pathway, IDO pro-
motes cell tolerance, and increases in IDO are
associated with depression.4”#® Furthermore,
IDO inhibition has been targeted for new thera-
peutic approaches in the treatment of depression
and anxiety.%’” The lack of changes in the inflam-
matory cytokines may have been anticipated as
most participants were in clinical remission at
baseline with well-controlled inflammation in the
previous month (HBI of 4.2 *2.5, pMayo of
1.4+1.6, CRP of 7.4%*26.5mg/LL. where the
upper limit of normal is 8.0mg/L). The absence
of an effect may also be attributable to the small
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Table 3. Change in symptom indices, stress, HRQoL, stress resilience, mental health, and sleep quality outcomes between the

intervention and control groups.

Absolute improvement (95% Cl) Relative improvement (%) (95% Cl) p Value
PSS 4.09 (1.92, 6.27) 22.4(10.5, 34.3) <0.001
pMayo 0.31(-0.64, 1.27) 27.9 (-57.3, 113.0) 0.42
HBI 0.47 (-1.38, 2.32) 10.3 (-30.1, 50.8) 0.96
HADS total 3.83(2.00, 5.65) 25.8 (13.5, 38.1) <0.001
HADS anxiety 2.15(1.04, 3.25) 23.7(11.5, 35.9) <0.001
HADS depression 1.55(0.57, 2.54) 29.5(10.9, 48.1) 0.002
Belief that stress impacts IBD 0.55 (-8.39, 9.50) 0.8(-11.9, 13.5) 0.68
Global PSQl 0.67 (-0.29, 1.63) 8.5 (-3.7, 20.6) 0.187
SIBDQ 4.49 (2.03, 6.95) 8.9 (4.0, 13.7) <0.001
EQ-5D visual analog scale 6.99 (2.30, 11.69) 9.9 (3.3, 16.6) 0.003
CD-RISC 7.01(3.50, 10.52) 10.6 (5.3, 15.8) <0.001
PWB self-acceptance 0.86 (-0.21, 1.93) 5.1(-1.3,11.6) 0.23
PWB purpose 0.82(-0.31, 1.95) 5.0 (1.9, 12.0) 0.31
PWB environmental mastery 0.89 (-0.27, 2.05) 5.9 (-1.7, 13.5) 0.24
PWB positive relations 1.30(0.31, 2.28) 8.0 (1.9, 14.0) 0.008
PWB autonomy 0.91(-0.17, 1.98) 5.8 (-1.1,12.7) 0.082
PWB growth 0.82 (-0.25, 1.89) 4.6 (-1.4,10.5) 0.124

CD-RISC, Connor-Davidson Resilience Scale; Cl, confidence interval; EQ-5D, EuroQol-5 Dimensions; HADS, Hospital Anxiety and Depression Scale;
HBI, Harvey-Bradshaw Index; HRQoL, health-related quality of life; IBD, inflammatory bowel disease; pMayo, partial Mayo score; PSQl, Pittsburgh

Sleep Quality Index; PSS, Perceived Stress Scale; PWB, Psychological Well-being Scale; SIBDQ, Short Inflammatory Bowel Disease Questionnaire.
The italicized p-values are statistically significant.

sample size, and the relatively low frequency of
the intervention, which required a time commit-
ment of only 60—110min per week.

Third, the study was associated with high rates of
adherence and acceptability. As with all lifestyle-
based health programs, adherence is an essential
pre-requisite before seeing a desired impact on
clinical outcomes.**52 The standard 30-day
retention rates of general unguided online well-
ness interventions are <5%>33 which make the
91% adherence, 11% attrition, and 89% accept-
ability rates in the current study of particular
interest. Of the published online mind-body/
stress reduction interventions in IBD, attrition
rates have ranged from 0% to 74%1:-27-2° com-
pared to 0% to 44% for in-person

interventions.!”2¢ There are several potential
learnings around adherence optimization that
may be gleaned from the current study. First, the
website (www.wellnesstoolbox.ca) was consist-
ently reported to be easy-to-navigate despite the
age range (18—74years) of participants enrolled in
the study. Second, the brief weekly telephone
touchpoints were seen as an important mecha-
nism to promote accountability. There is research
to support the efficacy of such ‘brief’ touchpoints
alongside online mental health interventions for
anxiety and depression. Existing studies report
similar efficacy and dropout rates regardless of
whether a professionally qualified therapist or a
‘technician’ with basic training (as was the case in
our study) provided the touchpoint.5%55 Third,
the program adherence goals were achieved by
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Figure 2. End-of-study participant satisfaction with the core and supplementary elements of the PPP
program, scored using a 5-Point Likert Scale from very satisfied to very dissatisfied (n=39).

PPP, Peace Power Pack.

91% of participants who completed the 12-week
programming — a signal that this was a reasonable
adherence target that participants felt they could
achieve. Fourth, the online delivery of the pro-
gramming provided increased accessibility and
flexibility to IBD participants with multiple com-
peting obligations. Last, our program interven-
tion materials were co-developed with guidance
from our patient partners®® who provided valua-
ble end-user input.

Limitations and strengths

Consistent with other studies involving mind—
body therapies (i.e. yoga, meditation),’” 75% of
our participants were female making the results
less generalizable to male patients. Although fur-
ther evaluation is required, from the feedback we
received, it is possible that alternative types of
movement interventions (e.g. exercise based)
may be more appealing to some male partici-
pants. Most intervention participants reported
that they were ‘very likely’ to continue practicing
elements of the program post-trial, but this was
not formally re-evaluated. Disease relapses or
flares during the study were not captured as we
did not anticipate any significant changes during

the short study period; however, there were
changes in biologic therapy, prednisone use, and
IBD-related hospitalizations. While some patients
with clinical and biochemical disease activity were
enrolled, <5% of participants underwent a
change in biologic or prednisone therapy and
<1% were hospitalized, reinforcing that the vast
majority were not in the moderate-to-severe IBD
category. The PPP intervention included multi-
ple elements — (i) two core components: physical
movement/mindfulness routine and the psychol-
ogy informed behavioral skills content and (ii)
optional supplementary content (a short weekly
introductory video and nutrition tip video).
Although on the surface this could be seen as too
intensive for participants, it is important to note
that our patient partners prioritized this variety
during the study co-development as a means to
support interest and adherence. Notably, for the
core components alone, the minimum time com-
mitment was 60-110min per week. Based on
feedback, the content will continue to be refined
to meet participant needs. Lastly, adherence to
the programming was self-reported by adherence
logs and weekly check-ins, potentially over-esti-
mating patient engagement. Study strengths
include that limitations noted by other
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investigators were addressed: enrolling patients
with higher levels of perceived stress, use of an
online, multicomponent, self-directed interven-
tion, and assessment of a broad panel of outcomes
using validated measures.>8:59

Conclusions

This multicomponent intervention significantly
improved perceived measures of stress, stress
resiliency, psychiatric comorbidity, and HRQoL
alongside high adherence and retention rates.
Future studies can assess if different frequencies
of the online intervention and different levels of
support (brief check-ins versus no support) impact
both patient-reported outcomes and objective
IBD biomarkers. Additional work can also focus
on the impact of these interventions in patients
with active IBD and in preventing disease flares in
those in remission. In addition, a longer follow-up
duration of 3-6 months post-intervention would
allow us to obtain insight into program continua-
tion, IBD activity, and mental wellness.
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