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Abstract

Background and Aims: People with primary biliary cholangitis (PBC)
experience high rates of mental distress and fatigue despite standard of care
therapy. We aimed to assess the impact of an online mind-body intervention
on these symptoms.

Methods: This 12-week RCT used sequential mixed-methods evaluation.
Alongside standard of care, participants with primary biliary cholangitis
were randomized to receive weekly countdown emails, or the intervention
consisting of (i) a weekly 20—30 minute-mind-body follow-along video, (ii)
weekly 5—-10-minute psychology-based “managing chronic disease skills
videos,” and (iii) 10-minute telephone check-ins. The primary outcome
was a change in the Hospital Anxiety and Depression Scale (HADS).
Secondary outcomes evaluated changes in fatigue, perceived stress,
resilience, and health-related quality of life. ANCOVA determined between-
group differences.

Results: Of the 87 randomized patients (control group: n = 44, inter-
vention group: n = 43), the between-group HADS total score improved by
20.0% (95% Cl 4.7, 35.2, p = 0.011). Significant improvements were seen
in depression (25.8%), perceived stress (15.2%), and 2 primary biliary
cholangitis-40 domains [emotional symptoms (16.3%) and social symp-
toms (11.8%)] with a mean satisfaction of 82/100. This corresponded with
end-of-study qualitative findings. Although no improvements were
observed in fatigue in the main analysis, a significant benefit was observed

Abbreviations: CEGEP, Collége d’enseignement général et professionnel; COM-B, capability, opportunity, motivation model of behavior; HADS, Hospital Anxiety and
Depression Scale; MFIS, Modified Fatigue Impact Scale; PBC, primary biliary cholangitis; PSS, Perceived Stress Scale; UDCA, ursodeoxycholic acid.
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INTRODUCTION

Primary biliary cholangitis (PBC) is female predominant,
chronic, autoimmune liver disease initiated by immune-
mediated damage to the small intrahepatic bile ducts."!
North America has the highest prevalence of PBC in the
world (21.8 per 100,000), with rising incidence and
prevalence rates.?l Ursodeoxycholic acid, the first-line
therapy for PBC, is associated with transplant-free
survival('3l but does not target the debilitating physical
and emotional symptoms of PBC, which include chronic
fatigue, itch, impaired HRQOL, and mental health
comorbidities (anxiety, depression, and stress).l!45]
These symptoms predict poor prognosis and increased
mortality.[>-8l

Clinical experts and people living with PBC have
identified the need for self-management tools that can be
provided alongside pharmacological therapy to reduce
symptom burden.%! Mind-body interventions (including
movement, breathwork, meditation, and psychology-
based practices) improve fatigue, HRQOL, and mental
health in other chronic disease populations.l®'3 How-
ever, no randomized trials have observed the impact of
these interventions in PBC. We conducted a pilot study of
an online mind-body wellness intervention in PBC that
demonstrated high feasibility and acceptability.['¥
Participants in the pilot study highlighted areas for
refinement, including a revised chronic disease skills
program, more options for mindful movement, and
gamification elements.

After making these refinements, the purpose of the
current study was to use a mixed-methods approach
consisting of a RCT and qualitative interviews to
assess the effects of the revised 12-week, online
intervention on the primary outcome (change in the
Hospital Anxiety and Depression Scale [HADS])!'%!
and secondary outcomes (fatigue, perceived stress,
resilience, and HRQOL). We were also interested in
assessing program outcomes, including adherence,
retention, and acceptability. We hypothesized that the
program would positively affect primary and secondary
outcome measures compared to the control group and
that the intervention would be associated with high
adherence, retention, and acceptability. The specific
aims of the qualitative portion of the study were to (a)
explore participant experiences with the program and
(b) explore perceptions of novel program components,

in the subgroup of intervention participants (20/36;56%) who completed the
mind-body video routine at least 3 times per week.

Conclusion: This intervention improved measures of mental wellness and
quality of life with high satisfaction and reasonable adherence. Future
studies could explore strategies to optimize adherence and target fatigue.

including the chronic disease skills program and
gamification.

METHODS
Study design

This mixed-methods study contained a 2-arm RCT and
post-program qualitative interviews. Ethics approval was
received from the Health Research Ethics Board
(Pro00112622). The study was conducted in accordance
with both the Declarations of Helsinki and Istanbul. It was
registered at www.clinicaltrials.gov (NCT05374200), and
written informed consent was obtained from each
participant. Remuneration was not provided to study
participants.

Setting, participants, and randomization
scheme

Participants were recruited through the Canadian PBC
Society’s email list until the target sample size of
eligible participants was reached (July 2021 and
September 2021). Inclusion criteria were (1) age
>18 years, and (2) a self-identified diagnosis of
PBC. Exclusion criteria were (1) a HADS depression
subcomponent score > 10 (at risk for severe
depression) and (2) the inability to provide informed
consent in English. Patients with (HADS) scores > 10
were referred to resources for psychiatric follow-up.
Individuals who met eligibility criteria were invited to
complete baseline assessments before randomization.
The study statistician generated and validated the
allocation tables to be uploaded to the Research
Electronic Data Capture data management
platform.['8] These lists were concealed from partici-
pants, study staff, and team members. Research
Electronic Data Capture was used to allocate partic-
ipants to a treatment group based on the allocation
sequence. A parallel design with an equal allocation
ratio (1:1) was used, whereby participants were
randomized to either the intervention or the control
group. Control group participants were offered the
option to take part in the intervention after their
12-week control period.
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Study arms
Control arm

Participants assigned to the control arm continued to
receive standard of care treatment for PBC from their
treating hepatologist. They also received weekly emails
containing an inspirational quote and a countdown to the
end of their control period. An example of these emails is
outlined in Appendix A, http://links.lww.com/HC9/A635.

Intervention arm

Participants in the intervention arm received access to
the 12-week intervention in addition to the standard of
care. The program content varied from week to week
and was distributed in a gated fashion, with new content
being “unlocked” each week. Gamification elements
included a leaderboard, which used pseudonyms and
compared points and badge achievements across
participants. Each week of the intervention consisted
of 3 components for which more details are provided in
Appendix B, http://links.lww.com/HC9/A636:

1. Weekly video routines. A 20—30-minute video consist-
ing of guided meditation, breathwork, and mindful
movement (patient choice of yoga, tai chi, or chair
movement). Participants were encouraged to com-
plete the video routine a minimum of 3 times per week.

2. Additional video content. Additional content included
were (1) a 3-5-minute chronic disease skills video
and activity, informed by acceptance and commit-
ment therapy,l'”! and (2) a 3-5-minute “PBC tip”
video from a PBC physician.

3. Weekly check-ins. Participants received weekly, 10-
minute phone calls from a program facilitator. In order
to offer a natural flow of conversation, these check-ins
did not follow a standardized script, but facilitators
were given 3 main topic areas to review with
participants: answering questions from the week
prior, reviewing progress, and facilitating goal setting.

During the program, participants in the intervention
group were given the option to attend monthly group
zoom sessions hosted by the Canadian PBC Society.
These sessions included live sessions from program
experts and time for participants to discuss the program
in breakout rooms.

Data collection and outcome measures
Quantitative data collection

Quantitative data was collected through Research Elec-
tronic Data Capture.l'® Demographic and disease

information was collected from patient self-report at
baseline. Primary and secondary outcome measures were
collected at baseline (October 2021) and after the study
period (12 wk post-baseline) (January 2021). Our primary
outcome was changes in the HADS, a 14-item scale that
differentiates anxiety symptoms from depressive symp-
toms and provides severity scores in each dimension in
addition to an overall score.['¥ The HADS was selected as
the primary outcome measure upon consultation with our
patient partners, who identified anxiety and depression as
priorities. Moreover, the HADS has been validated for use
in patients with chronic liver disease, and minimal clinically
important differences have been defined.'8.'¥ Our second-
ary outcome measures were changes in the: Perceived
Stress Scale-10—a 10-item scale to assess the degree to
which life has been experienced as unpredictable,
uncontrollable, and overloaded®?”; Connor-Davidson Resil-
ience Scale—a 25-tem resilience scale®"; Modified
Fatigue Impact Scale (MFIS)—a 21-item scale to assess
the extent to which fatigue has impacted lifel?d; and
PBC-40—a 40-item disease HRQOL scale.?

Adherence to the weekly video routine was assessed
using an end-of-program survey, administered 12 weeks
post-baseline, and confirmed through weekly check-ins.
To help understand adherence, patients were asked to
complete questionnaires at baseline and at the end of
the study that assessed capability, opportunity, and
motivation to take part in the video routine at least 3 times
per week.[23 This survey was informed by the capability,
opportunity, motivation model of behavior (COM-B)
model of behavior, which outlines that for a behavior to
occur, an individual must have the capability, opportunity,
and motivation to perform the behavior.[?4l Satisfaction
was assessed through a survey at the end of the
program. Participants were sent follow-up questionnaires
8 weeks after completing the intervention to assess
continued engagement with program practices.

To assess the impact of adherence, we explored
changes in the primary outcome (anxiety and depres-
sion through the HADS) and selected secondary
outcomes (fatigue through the MFIS and the PBC-40
fatigue domain) in the subgroup of participants who met
the adherence target of completing the video routine at
least 3 times a week.

Qualitative data generation

Purposeful maximum variation sampling!?®! was employed
to understand a range of adherence and satisfaction
experiences. Semi-structured interviews were conducted
with selected participants by means of telephone from
February to March 2022 using a qualitative descriptive
approach.’?8l The interview guide was informed by the
COM-B model of behavior?*! (Appendix D, http:/links.lww.
com/HC9/A638). All interviews were recorded and
transcribed verbatim.
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Data analysis
Sample size and statistical analysis

The sample size calculation was based on the primary
outcome, anxiety and depression (HADS total score)
results from an RCT of a similar intervention in
inflammatory bowel disease?”l and pilot data in
PBC.'"M With a 0.05 alpha and 80% power and
accounting for a 15% dropout rate, 40 participants per
group (80 participants in total) were deemed adequate
to show a statistically significant difference by indepen-
dent t-test (d = 0.71 effect size).

Statistical analyses were conducted using IBM SPSS
Statistics for Windows, Version 21.0.28] Demographic
measures and program outcomes are presented using
descriptive statisticsimean + SD for continuous variables,
frequency (%) for nominal variables]. The normality of
continuous variables was examined using histograms and
Q-Q plots. ANCOVA was used to analyze the impact of
the intervention on the HADS. The absolute impact of the
intervention was derived from a linear regression model
predicting change in HADS adjusted for baseline HADS.
The relative impact was defined as the percentage change
in the HADS total score at the end of the study compared
to the baseline. The same ANCOVA procedures were
used to test secondary outcomes. Within-group differ-
ences were analyzed using paired-sample t-tests. Statis-
tical significance was established at a 2-tailed p-value of <
0.05. The intention-to-treat analyses imputed missing
values with the last observation carried forward method.
A per-protocol analysis was used as a secondary method
of analyzing the data. Finally, ANCOVA was used to
evaluate the impact of adherence in the subgroup of
patients who met the adherence target.

Qualitative data analysis

Data generation and analysis occurred iteratively to enable
the refinement of the interview guide and exploration of
emerging themes. Interviews were analyzed using a
theoretical thematic approach, whereby data were ana-
lyzed inductively, with transcripts coded, then grouped into
larger categories, then themes.2930 Analysis was com-
pleted by 2 members of the study team who developed a
coding framework, with disagreements resolved through
consensus. NVivo was used for data management."]

RESULTS

A total of 123 patients were screened for the RCT portion
of the study, 22 declined to participate and 14 were
excluded (HADS depression subcomponent score > 10).
Eighty-seven patients were randomized to the intervention
(n = 43) and the control (n = 44) group. After the 12-week
intervention, the overall retention was 89.7% (n = 6
unable to begin the intervention during the specified
period, n = 1 lost due to follow-up in the intervention arm,
and n = 2 lost due to follow-up in the control arm) with 78
patients remaining at the end of study (Figure 1).

All participants were invited to engage in the
qualitative portion of the study. Twenty-five partici-
pants consented to an interview, with 11 eventually
interviewed.

Patient baseline characteristics

The mean age of participants in the RCT was
59.8+10.6 y and 98% were female. The intervention

Assessed for eligibility (n=123)

Excluded (n=36)
Not meeting inclusion

criteria (n=14)
Declined to participate

Randomization (n=87) (n=22)

/

el

Allocated to intervention (n=43)
-Received allocated

Allocation

Allocated to Control (n=44)

intervention (n=37)

-Did not receive allocated
intervention (prior
commitments during study
period) (n=6)

Lost due to follow-up (n=7)

Follow-Up

Lost due to follow-up (n=2)

Analyzed (n=43)

Analysis

Analyzed (n=44)

FIGURE 1 Patient recruitment and flow through the study.
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group included a greater proportion of patients who were
not on any medication for PBC [(4 (9.3%) vs. 0), p=0.04].
Further demographic characteristics are reported in
Table 1. The baseline characteristics of the 7
participants in the intervention group with missing post-
assessment data were similar to those of participants
who completed end-of-study assessments.

Of the 11 individuals who participated in the end-of-
study qualitative interviews, 91% were female, with
ages ranging from 32 to 82 years (61.1 +13.0 y). These
characteristics were similar to participants in the main
study and are reported in full in Appendix E, http://links.
lww.com/HC9/A639.

Primary outcomes

After adjusting for the HADS total at baseline, a
significant change was observed in the HADS total
and HADS depression scores between baseline and
end of study in the intervention arm compared to the
control arm. This translated to an absolute improve-
ment of 2.66 (95% CI, 0.628-4.69) and a relative
improvement of 20.0% (95% Cl 4.72, 35.2 p = 0.01)
for the HADS total score, and an absolute improve-
ment of 1.44 (95% Cl, 0.266-2.61) and a relative
improvement of 25.8% (95% CI, 4.77-46.8 p = 0.02)
for the HADS depression score. No significant
differences existed between study groups in HADS
anxiety (Table 2).

Secondary outcomes

Data on secondary outcomes are presented in Table 2.
There was a significant absolute improvement in the
Perceived Stress Scale (2.76; 95% CI: 0.231-5.28, p =
0.03), PBC-40 emotional domain (1.36; 95% CI:
0.306-2.42, p = 0.01), and PBC-40 social domain
(3.08; 95% CI: 0.045-6.17, p = 0.047). Relative scores
are presented in Table 2. No significant differences
existed between study groups in the Connor-Davidson
Resilience Scale, MFIS, PBC-40 itch, fatigue, cognitive,
or general symptom domains (Table 2). In the per-
protocol analysis, there was additionally a significant
improvement in the PBC-40 itch domain (Appendix F,
http://links.lww.com/HC9/A640).

Program outcomes

Adherence

Of the 36 participants who completed the intervention,
20 (56%) achieved the pre-specified adherence goal of

completing the video routine at least 3 times per week: 3
times (n = 10), 4 times (n = 3), 5times (n = 2), 6 times

(n = 3), or 7 times (n = 2) per week. The remaining 16
participants completed the program < 1 time (n = 3), 1
time (n = 7) and 2 times (n = 6) per week. All patients
who completed the video routine at least once per week
also reported watching the additional video content.
Monthly attendance of the optional group sessions
ranged from 21% to 51% of participants.

There was a significant absolute decrease in COM-
B domains, including physical opportunity (1.24; 95%
Cl: 0.470-2.01), social opportunity (1.25; 95% CI:
0.220-2.29), automatic motivation (2.03; 95% CI:
1.06-3.00), physical capability (1.26; 95% CI:
0.357-2.16), and psychological capability (1.23; 95%
Cl: 0.370-2.08) (Table 2). In the per-protocol analysis,
there was additionally a significant improvement in
reflective motivation (Appendix F, http:/links.lww.com/
HC9/A640).

Satisfaction

Rated from 0 to 100 (“not satisfied” to “extremely
satisfied”), the mean satisfaction score was 81.5% (SD
15.7%). Participant satisfaction with different program
elements is illustrated in Figure 2. Thirty-three (91.7%)
participants ranked the amount of information as just
right, with 2 (5.6%) indicating too little information and 1
(2.8%) indicating too much information. Twenty-eight
(77.8%) participants ranked the time commitment of the
programming as just right, with 8 (22.2%) indicating the
time commitment was too much.

Continuation

After completing the intervention, participants’ mean
perceived likelihood of continuing any element of the
program (rated from 0 “not likely” to 100 “extremely
likely”) was 82.1 (SD 16.4). Eight-week follow-up data
was available for 24/36 of the participants who
completed the intervention. Of these participants, 15
(62.5%) indicated that they had accessed the program
following study completion.

Subgroup adherence analysis

Among the subgroup of patients who met adherence
targets compared to the controls, absolute improve-
ments were noted in the HADS total (4.32; 95% CI:
1.70-6.95), anxiety (1.73:95% CI: 0.021-3.43) and
depression subdomains (2.56; 95% CI: 1.35-3.77), as
well as the MFIS total (6.89; 95% CI: 2.52—-11.25),
physical (3.95; 95% CI: 1.58-6.32), and psychosocial
subdomains (0.888; 95% CI: 0.077-1.70), and the
PBC-40 fatigue domain (3.60; 95% CI: 1.18-6.03)
(Table 3).
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TABLE 1 Patient baseline characteristics

Age (y)
Sex, n (%)
Male
Female
Other
Relationship status, n (%)

Married
Living common-law

Divorced/separated
Widowed

Single/never married
Prefer not to answer
Employment status, n (%)
Employed
Unemployed
Prefer not to answer
Highest education achieved, n (%)
No post-secondary degree, certificate, or diploma

Trade certificate or diploma from a vocational school of apprenticeship training
Non-university certificate or diploma from a community college, CEGEP, school

of nursing, etc.
University certificate below bachelor's level
Bachelor's degree
University degree or certificate above bachelor's degree
Unknown
Years since diagnosis
Cirrhosis status, n (%)
No cirrhosis
Cirrhosis

Unsure
Current PBC medications, n (%)
None
UDCA
Obeticholic acid
Fenofibrate
Bezafibrate
Colchicine
Other
Meditation in past 6 mo, n (%)
Yes
Yoga in past 6 mo, n (%)
Yes
Tai Chi in past 6 mo, n (%)

Yes

Total
(n = 87)

59.8+10.6

2 (2.3)
85 (97.7)
0(0)

55 (63.2)
7 (8.0)
14 (16.1)
4 (4.6)
5 (5.7)
2 (2.3)

40 (46.0)
34 (39.1)
13 (14.9)

21 (24.1)
4 (4.6)
22 (25.3)

3 (3.4)
16 (18.4)
18 (20.7)

3 (3.4)
9.6+84

50 (57.5)
20 (23.0)

17 (19.5)

4 (4.6)
75 (86.2)
15 (17.2)
3 (3.4)
6 (6.9)
0 (0)
12 (13.8)

36 (41.4)

36 (41.4)

7 (8.0)

Control group Intervention group
(n = 44) (n = 43)
59.4+9.9 60.2+11.4

1(2.3) 1(2.3)
43 (97.7) 42 (97.7)

0 (0) 0 (0)
30 (68.2) 25 (58.1)

3 (6.8) 4 (9.3)

6 (13.6) 8 (18.6)

2 (4.5) 2 4.7)

1(2.3) 4 (9.3)

2 (4.5) 0 (0)

19 (43.2) 21 (48.8)
16 (36.4) 18 (41.9)
9 (20.5) 4 (9.3)
12 (27.3) 9 (20.9)
3 (6.8) 1(2.3)
15 (34.1) 7 (16.3)
1(2.3) 24.7)
7 (15.9) 9 (20.9)
5 (11.0) 13 (30.2)
1(2.3) 2 (4.7)
9.7+7.9 9.6+8.9
26 (59.1) 24 (55.8)
11 (25.0) 9 (20.9)
7 (15.9) 10 (23.3)
0 (0) 4 (9.3)
38 (86.4) 37 (86.0)
11 (25.0) 4 (9.3)
2 (4.5) 1(2.3)
3 (6.8) 3 (7.0)

0 (0) 0 (0)

9 (20.5) 3 (7.0)
20 (45.5) 16 (37.2)
20 (45.5) 16 (37.2)

5(11.4) 2 (4.7)

Abbreviations: CEGEP, College d'enseignement général et professionnel; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.



TABLE 2 Anxiety, depression, stress, resilience, fatigue, quality of life, and behavioral outcomes

HADS total
HADS anxiety

HADS depression

Connor-Davidson
Resilience Scale

PSS

MFIS total

MFIS physical
MFIS cognitive
MFIS psychosocial
PBC-40 itch

PBC-40 fatigue
PBC-40 cognitive
PBC-40 emotional
PBC-40 social

PBC-40 symptom
COM-B physical
Opportunity
COM-B social
Opportunity
COM-B reflective
motivation
COM-B automatic
motivation
COM-B physical
capability

COM-B psychological

capability

Control group (n = 44)

Intervention group (n = 43)

Baseline

11.6+5.30
6.89+3.42

4.73+2.80
26.1+6.27

17.7 £6.54
59.0+16.3

27.4+8.42
26.1+8.28

5.43+1.93
4.36+3.16

31.1+£8.63
14.5+4.85

8.16+2.32
25.8+7.09

16.6 +4.17
8.59+1.48

8.05+2.34

9.18+1.15

7.61+£2.15

8.34+1.68

8.68+1.44

End of study

13.0+5.56
7.59+3.37

5.41+2.88
26.2+5.63

17.9+6.52
59.8+15.5

27.7+7.64
26.4+8.46

5.73+1.87
4.55+3.00

31.1+8.78
14.4+5.04

8.25+2.63
25.7+7.47

16.7 +4.66
8.59+1.45

8.20+2.11

9.02+1.27

7.68+1.97

8.30+1.61

8.77+1.31

Baseline

12.7+5.67
7.37+£3.63

5.28+3.07
27.7+6.55

17.5+6.12
59.1+15.9

27.4+7.92
26.4+7.88

5.33+2.02
3.84+3.15

31.8+9.13
14.8 +5.56

8.09+2.72
24.9+8.98

16.4 +4.01
8.45+1.63

7.62+2.80

9.36+0.958

712+2.51

8.19+1.92

8.83+7.55

End of study

11.0+£5.79
6.60 +3.61

4.30+3.46
28.3+6.62

15.7+6.13
56.4+16.5

25.7+7.45
25.4+8.35

5.30+£227
3.40+£2.66

30.4+9.03
13.7+5.81

7.19+272
23.2+8.34

15.9+4.66
7.38+2.08

6.93+2.74

8.38+1.83

5.62+2.76

7.05+2.53

1.51+2.52

Between group absolute
improvement (95% ClI)

2.66 (0.628, 4.69)
1.30 (-0.045, 2.65)

1.44 (0.266, 2.61)
2.54 (-0.016, 5.09)

2.76 (0.231, 5.28)
5.07 (-0.908, 11.0

)
2.63 (-0.348, 5.60)
1.85 (-1.362, 5.06)
)
)

0.595 (-0.222, 1.41
1.11 (-0.121, 2.35

1.38 (-2.25, 5.01
1.14 (-1.11, 3.40)

1.36 (0.306, 2.42)
3.08 (0.045, 6.17)

1.10 (-0.854, 3.05)
1.24 (0.470, 2.01)

1.25 (0.220, 2.29)

0.676 (-0.008, 1.36)

2.03 (1.06, 3.00)

1.26 (0.357, 2.16)

1.23 (0.370, 2.08)

Between group relative
improvement (95% ClI)

20.0 (4.72, 35.2)
16.8 (-0.581, 34.2)

25.8 (4.77, 46.8)
9.78 (-0.062, 19.6)

15.2 (1.28, 29.2)
8.37 (=150, 18.2

)
9.40 (-1.24, 20.0)
6.91 (-5.09, 18.9)
10.2 (-3.82, 24.3)
23.6 (-2.57, 50.0)

)

)

4.39 (-7.16, 15.9
7.86 (-7.66, 23.4

16.3 (3.66, 29.0)
11.8 (0.173, 23.7)

6.55 (-5.08, 18.2)
14.5 (5.48, 23.4)

15.3 (2.70, 28.1)

7.49 (-0.089, 15.1)

26.7 (13.9, 39.4)

15.3 (4.34, 26.3)

14.1 (4.23, 23.8)

ANCOVA p- value
Between groups

0.01®
0.06

0.02°
0.05

0.03%
0.10

0.08
0.26

0.15
0.08

0.45
0.32

0.01
0.047°

0.27
0.002°

0.02°

0.05

<0.001%

0.007°

<0.001%

@Statistical significance was established at a 2-tailed p-value of <0.05.

Abbreviations: COM-B, capability, opportunity, motivation model of behavior; HADS, Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; PBC, primary biliary cholangitis; PSS, Perceived Stress

Scale.
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FIGURE 2
from very satisfied to very dissatisfied.

Qualitative findings

Three main themes emerged as follows: (i) Under-
standing the impact of program components on disease
management; (ii) Mixed reception: exploring experien-
ces with gamification; and (iii) Bridging the transition:
long-term adoption of program practices.

Theme # 1: Understanding the impact of
program components on disease
management

Participants experienced fatigue that limited their ability to
work, interact with family, and perform daily tasks. Many
highlighted the unpredictable nature of this fatigue: “It's
kind of like from Forrest Gump, life is like a box of
chocolates. | never know what my energy is going to be
like when | wake up” (57). Some participants recognized
that they tended to “overdo it on good days” which
resulted in “crashing and needing days to recover.”
Participants described how learning about pacing
through the chronic disease skills program helped them
combat this “boom and bust cycle.” One participant talked
further about this: “We learned about holding yourself
back and doing the same amount of stuff on days where
you feel normal. And that was a profound thing (135).”
Participants clarified that while the “fatigue was still
there,” pacing allowed them to “manage energy better.”

They also spoke of the “underlying stress and
anxiety” that came from wondering if their disease
would progress, which they felt was “every bit as
debilitating if not more than the disease itself’ (57). One
participant said the following about how the breathwork
techniques they learned in the program helped them
cope during stressful times:

® Neither satisfied or dissatisfied

40 50 60 70 80 90 100

M Dissatisfied Very dissatisfied

Participant satisfaction with core and optional elements of the Peace Power Pack program, scored using a 5-point Likert Scale

| sometimes just do the breathwork if | feel myself
getting stressed during the day. The stuff | heard
on social media is just crazy and the news is
horrible right now and | just unconsciously find
myself just doing a little bit of breathwork to
escape (42).

Theme # 2: Mixed reception: exploring
experiences with gamification

After gaining experience with the leaderboard, some
felt that their “competitive nature responded well,”
and seeing others who were “way ahead” motivated
them to participate more. One participant reflected on
this:

The leaderboard obviously motivated me. Ironi-
cally, when | first started, | thought: ‘I probably
won't use [the leaderboard] because | motivate
myself.” But | was watching people accumulate
points and | thought: ‘| want those points’ (111).

One the other hand, many participants felt that the
leaderboard “stopped being motivating” as they “fell
behind.” One participant described this saying:

I thought at the beginning the leaderboard would
be fun. After about the first week or two | said:
‘This feels like a competition where you can never
catch up.” If you missed a few days, and
somebody else is way ahead, it's sort of like,
why am | doing this?’ (196).

Some participants felt that gamification elements that
allowed them to form “more in-depth connections” with
study peers would “offer more encouragement”.
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=44)

20) versus control (n

Subgroup analysis - baseline and end of study measurements comparing the subgroup of patients who met the pre-specified adherence target (n

TABLE 3

Intervention group adhered to video
routine at least 3x per week (n

=20)

Control group (n = 44)

ANCOVA p-value

Between group relative
improvement % (95% CI)

Between group absolute

Between groups

improvement (95% CI)

End of study

Baseline

End of study

Baseline

0.0022
0.0472
<0.001°

32.4 (12.7, 52.1)

4.32 (1.70, 6.95)

9.80+6.28
6.50+4.12

13.6+6.43
8.10+3.88
545+2.95

13.0+5.56
7.59+3.37
541+2.88

6.89+3.42

11.6+5.30
4.73+2.80

HADS total

22.2 (0.270, 44.0)
46.1 (24.3, 67.9)

1.73 (0.021, 3.43)
2.56 (1.35, 3.77)

HADS anxiety

HADS

3.30+2.72

depression
MFIS total

0.002%
<0.001®

11.4 (4.18, 18.7)

6.89 (2.52, 11.25)
3.95 (1.58, 6.32)

54.3+15.9
25.2+6.75
24.3+8.70
4.85+1.90

60.6+15.9
29.4+7.96
25.8 +8.01
545+1.91

59.8+15.5
27.7+7.64
26.4 +8.46
5.73+1.87

59.0+16.3
27.4+8.42
26.1+8.28
543+1.93

14.0 (5.61, 24.0)

MFIS physical

0.134
0.032°%

6.89 (-2.18, 16.0)

1.81 (-0.574, 4.20)
0.888 (0.077, 1.70)

MFIS cognitive

MFIS

15.5 (1.34, 29.7)

psychosocial
PBC-40 fatigue

0.004%

11.3 (3.72, 19.0)

3.60 (1.18, 6.03)

29.5+9.12

33.3 +£9.30

31.1+8.78

31.1+8.63

@Statistical significance was established at a 2-tailed p-value of <0.05.

Abbreviations: HADS, Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; PBC, primary biliary cholangitis.

Theme # 3: Bridging the transition: long-term
adoption of program practices

While reflecting on their use of the program practices
after the study period, a few participants shared that
they return to the practices as an “automatic response”
when “things get tough.” One participant said the
following about this automaticity:

| went through a very stressful moment in my
workplace and the first thing that went through my
mind was: ‘1 will run to my car and start that
meditation.’ (61).

Others described that while the practices were “not a
habit quite yet,” they had used strategies such as
returning to the program website and tracking their
activity to help them “keep up the momentum”.

Contrastingly, many participants shared that despite
having the intention to “maintain the benefits of the
program,” they had not stayed consistent after the study
period. Some spoke about the “hard adjustment” of
losing the “input and support” that was available during
the program. Others described how they “got off track”
and found it “hard to get back in it” after the program
ended. One participant said the following about how
finishing the program around Christmas disrupted her
routine:

I found the structure of the program helpful
because | thought: ‘This is something so great
[that] I'm going to continue with every day.” And
then Christmas happened, and then the cold
weather happened, and | have to confess I'm not
doing it every day (45).

DISCUSSION

This is the first mixed-methods study and the first
study including an RCT to evaluate the impact of a
multicomponent mind-body wellness intervention in
individuals with PBC. Significant between-group dif-
ferences occurred in the primary outcome of depres-
sion (HADS total and depression domains), and the
secondary outcomes of stress (Perceived Stress
Scale), and quality of life (PBC-40 emotional symp-
toms and social symptoms domains). Although no
significant improvements were observed in fatigue
overall, a significant reduction in fatigue was seen in
the 20/36 (55.6%) of participants who adhered to the
goal of completing the video routine at least 3 times
per week. Moreover, interviews revealed improved
ability to cope with fatigue. The findings of this study
provide lessons that can be grouped into 3 main
categories.
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Impact on mental health and quality
of Life

Participants  experienced  statistically  significant
improvements in measures of mental health and quality
of life. The clinical significance of changes in mental
health can be understood through the HADS total, with
past literature identifying a change of 1.5-2 as a
clinically important difference.['819 When all partici-
pants were considered, the mean improvement abso-
lute in HADS was 2.66, 95% CI: 1.70-6.95 (previously
12.7-52.1), increasing to 4.32, 95% CI: 12.7-52.1 in
those participants who met adherence targets. In the
qualitative portion, participants described these
improvements in mental health, speaking about how
the program gave them tools to cope with their disease
and manage daily stressors. This echoed the findings
from our pilot study.['*! The current study adds to the
existing literature as the first RCT in PBC to assess
mind-body practices as a way to help patients manage
mental health comorbidities and improve quality of life,
and one of the few studies to use mixed methods. By
capturing the breadth of a participant’'s experience
beyond what can be captured through quantitative
surveys alone, mixed methods enrich our understand-
ing of the intervention’s impact and potential
mechanisms.

Impact on fatigue

Despite the significant impact on mental health and
HRQOL, when all participants were considered, there
was no impact on fatigue, a symptom that patients
have highlighted as a research priority.25 Interest-
ingly, RCTs in people with cancer-related fatigue and
chronic fatigue syndrome have reported significant
improvements in fatigue after participation in exercise,
yoga, and qigong.[?32:33] The absence of an effect in
our study may be attributable to the relatively low
dose of the mindful-movement part of the mind-body
intervention (total of 45 min per week if done 3 times
per week). Notably, the subgroup analysis of partic-
ipants who met the adherence target did demonstrate
significant changes in fatigue through the MFIS total,
physical, and psychosocial domains, as well as the
PBC-40 fatigue domain, supporting a benefit if an
adequate dose is provided. This finding is relevant as
it can help to guide the duration and adherence
recommendations for future programming. In the
qualitative portion of our study, participants high-
lighted that while they still experienced fatigue,
learning to pace through the program improved how
they coped with their fatigue. Adaptive pacing therapy
has been used in a variety of other chronic disease
populations to help patients achieve prioritized
activities.[34

Engagement with the practices during and
after the intervention

At 55.6%, our study demonstrated relatively high target
adherence in comparison with other studies that have
assessed online mind-body interventions for patients
with chronic liver disease (rates ranging from 14%
to 55%).1353¢1 This is notable, as low adherence has
been widely recognized as a challenge to delivering
online wellness interventions.®”] One way that past
studies have attempted to increase engagement with
online wellness interventions is through implementing
behavior change techniques (BCTs),383 such as
providing feedback on behavior, rewards, and social
comparison,®8 some of which can be implemented
through gamified program elements such as leader-
boards, points, and badges.[*¥ Past literature has echoed
the results of our study, reporting varying perceptions of
gamification in wellness interventions. 041 A qualitative
study of gamification in older adults echoed some of the
qualitative portion of our study, reporting that older adults
did not see value in points, badges, and leaderboards
and were instead motivated by social connection and
collaboration.? Despite the high adherence observed in
this study, there were significant between-group reduc-
tions in aspects of capability, opportunity, and motivation.
We hypothesize that, as observed in past studies,2
this decrease in the COM-B domains was a result of
participants over-estimating their capability, opportunity,
and motivation for engaging in relatively novel behaviors
at baseline and then encountering unanticipated barriers
to participation. In future studies, it may be more relevant
to administer the baseline COM-B survey after 1-2 weeks
of programming to allow participants to become familiar
with the intervention and more realistically estimate their
capability, opportunity, and motivation.

Lastly, our study offers unique insights about contin-
ued engagement with wellness practices after the
intervention period, which is of interest given that
changes in behavior during an intervention do not
translate to long-term behavior change.3 Participants
continued to have access to the web-based program-
ming after the intervention. Of the 24 intervention
participants who completed the 8-week post-intervention
surveys, a considerable number (62.5%) indicated that
they had accessed the program in the post-intervention
period. Our qualitative data added to this and was
consistent with the published literature highlighting habit
formation as a factor that promoted continuation.#4-461

Limitations

We acknowledge the following limitations to our study.
First, as a fully online study with enroliment through the
Canadian PBC Society, open to inclusion regardless of
geographic location, we were unable to review medical
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charts. Thus, the diagnosis of PBC was self-reported, and
we were unable to confirm whether patients were being
followed by a hepatologist, and engagement with
psychotherapy or the use of medications to treat
psychiatric conditions was also not confirmed. While a
potential limitation, this strategy used for enrollment is
also seen as a strength in that it represents a pragmatic
approach that resulted in enroliment from 4 countries.
Second, we did not include a lower-level threshold of the
HADS for inclusion as recruitment through a patient
partner organization made it challenging to turn away
individuals who had low HADS scores but felt they may
still experience benefit from the programming. Third, 98%
of the participants were female, making results less
generalizable to male patients. This is not unexpected,
given that the female: male ratio of patients with PBC is
estimated to be as high as 10:1,47 and other studies
evaluating mind-body interventions have reported a
higher prevalence of female participants.*849 Fourth,
with recruitment through the Canadian PBC Society, we
acknowledge that the patients who expressed interest in
this study may be more engaged than the general PBC
population. Fifth, while adherence was self-reported, it
was evaluated at check-ins and at the end of the study.
Sixth, 6 patients who were randomized to the intervention
arm dropped out before the study period due to prior
commitments and an unclear understanding that they
would be unable to choose their start date after
randomization. This represented a considerable propor-
tion of patients who were counted as having no change
using an intention-to-treat design, causing potential
underestimation of intervention effects. Seventh, while
the sample size was powered for the HADS, it was not
powered to detect changes in the secondary outcomes,
such as the PBC-40. Finally, 8-week follow-up data were
only available in 67% of participants who completed the
intervention, potentially contributing to an overestimation
of the percentage of participants who continued with the
practices after the study period.

To our knowledge, this is the first RCT to evaluate the
impact of a multicomponent mind-body intervention
alongside standard of care therapy in people with PBC.
Our findings offer insight into the efficacy of online mind-
body interventions to help people with PBC manage their
mental health, quality of life, and symptom burden. Future
studies could explore strategies to optimize adherence,
including group support and making gamification more
appealing. Increases in adherence, as well as the
intensity of the physical activity intervention, may also
be shown to result in a greater impact on fatigue.
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