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Abstract

Background: Mindfulness meditation (MM) is a commonly used psychological intervention for pain, mood, and anxiety
conditions, but can be challenging to practice with severe symptoms without proper training. The Mindfulness Meditation app
(MMA) is a supportive training tool specifically developed for this study to aid in the practice of mindful breathing using a
smartphone.

Objective:  This study aims to evaluate the psychophysiological effects of the MMA. Specifically, the study will assess
parasympathetic functioning using heart rate variability (HRV; primary outcome), pain and mood symptoms, mind-wandering
and present moment awareness, and breath focus in groups of undergraduate participants who self-report clinically-relevant
symptoms of chronic pain (CP) and depression or anxiety (DA) and condition-free (CF) participants who do not meet either
criteria. We hypothesize that use of the MMA by study groups will lead to improved HRV, pain, and mood symptoms compared
with groups who do not use the app.

Methods: This study is a two-arm randomized controlled trial (RCT) recruiting through a Web-based research participation
pool at York University in Toronto, Canada. We are aiming for minimum 60 participants in each of CP, DA, and CF groups.
Upon arriving to the laboratory, participants will be prescreened for classification into groups of CP, DA, or CF. Groups will be
randomly assigned by a 1:1 ratio to an MMA (MMA+) condition or MM condition without the app (MMA-) after abrief stress
induction procedure. In MM A+, participants will practice mindful breathing with asmartphone and press breath or other buttons
at the sound of audio tones if their awareness was on breathing or another experience, respectively. HRV and respiration data
will be obtained during rest (5 min), stress induction (5 min), and meditation conditions (12 min). Participants will complete
psychological self-report inventories before and after the stressinduction and after the meditation condition. Separate linear mixed
modelswill be used to examine HRV and self-report inventories comparing groups and treatment conditions.

Results: Recruitment for the study began in November 2017 and is expected to be completed in winter of 2019-2020. As of
July 2019, 189 participants have been recruited. The study’s main findings are expected to reveal a positive pattern of HRV
responses in the CP, DA, and CF groups, such that a significant increase in HRV (P<.05) is detected in those randomized to the
MM A+ condition in comparison with those randomized to the MM A- condition.

Conclusions: This RCT will contribute to the burgeoning health psychology literature regarding the clinical relevance of HRV
in assessment and treatment of psychological and medical conditions. Furthermore, possible ways to inform designs of MM
training tools delivered by apps and Web platforms for CP, depression, and anxiety conditions’ treatment will be discussed.
Trial Registration: Clinicaltrials.gov NCT03296007; https:/clinicaltrials.gov/ct2/show/NCT03296007.

International Registered Report I dentifier (IRRID): DERR1-10.2196/14119
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Introduction

Background

Mindfulness meditation (MM) is an element of the Buddhist
traditions first introduced as a clinical intervention in western
medicine by Kabat-Zinn [1]. Over the past 35 years, the practice
has received significant interest in clinical and health psychology
and, more recently, in neuro- and psychophysiology. A family
of meditative practices based on mindfulnessis commonly used
as apsychological approach to mental illness and chronic pain
(CP) management. Mindful breathing is central to the
mindfulness practices and places an emphasis on paying
nonjudgmental attention to one's cognitive, emotional, and
physical experiences while reorienting focus on breathing
sensations to cultivate cognitive and emotion regulation and
progressively relaxed states [2]. Mindfulness-based treatments
have been shown to be effective in reducing symptoms of
depression, anxiety, and chronic pain [3,4].

One proposed mechanism for mindful breathing benefitsisthe
state relaxation effect mediated by parasympathetic vagus nerve
activation because of its process of bringing awareness to
breathing sensations while practicing acceptance of stressors
such as worrying thoughts, negative emotions, and pain [5].
However, individuals with pain, depression, and anxiety
disorders commonly share the physiological trait of a
dysregulated autonomic nervous system (ANS), particularly
with respect to parasympathetic stress recovery processes, which
compromise vagal activation [6,7].

Rigid and inflexible types of mind wandering, such as worry
and rumination, aretypically seeninindividua swith psychiatric
illnesses [8,9] and chronic pain [10]. These stressors lead to
prolonged physiological stress activation linked to health risks
[6,11]. MM attempts to counteract unhealthy mind wandering
by ingtilling present-oriented attention that is more conducive
to appropriately rested and relaxed states in the absence of
stressful demands [12]. Critical to the purported benefits of
mindfulness is that the remova of stressful stimuli in the
environment does not always coincide with a return to resting
state. Physiological stressinevitably arisesthrough pain, worry,
rumination, and distressing emotions such as fear, anxiety, and
anger. Patterns of worry and rumination are defined as
perseverative stressors, as they are typically related to past or
anticipated stressors[6]. Perseverative stress refersto persistent
physiological stress that can linger for prolonged periods,
sometimes subconsciously, creating an undertone of stress
arousal and allostatic | oad associated with gradual and sustained
withdrawal of vagal tone, quantifiable by low heart rate
variability (HRV) [11]. Chronically low HRV isasign that the
ANS s sympathetically dominant, with persistent and excessive
activation of the stress response that is less amenable to
vagal-mediated parasympathetic recovery [6,11]. Mindfulness
practice may be a key method to target the pathophysiological
mechanism common to chronic pain, depression, and anxiety.

https://www.researchprotocols.org/2019/12/€14119

Mindful breathing can enhance vaga activation through state
relaxation effects, as multiple studies have shown that even
brief mindfulness practice after stress significantly increases
HRV [13,14]. This vagal-activating effect may have
stress-relieving benefitsfor individual swith depression-anxiety
symptoms[15]. With regardsto pain, reductionsin self-reported
pain have been demonstrated in individuals practicing
HRV-based biofeedback [16], and it has been theorized that
increased vagal activation is connected to several analgesic
mechanisms such as lowered systemic inflammation and
inhibited pain-processing brain regions [17]. Thus, the
vagal-activating treatment potential of a smartphone-based
mindful breathing app may have clinical utility, given the strong
research evidence associating low HRV and psychological [18]
and pain conditions [7].

A potentially impeding factor for client populationsin practicing
mindful breathing is the demand characteristics of the silent,
inwardly focused exercise that may naturally make them more
saliently aware of their symptoms of depression (eg,
rumination), anxiety (worry), and pain (sensations). Relatedly,
aqualitative study has revealed experiential challengesto MM
practice that must be addressed in clinical treatment contexts,
including the fact that meditation isadifficult skill to learn and
practice, and participants encounter difficult thoughts and
feelings amidst practice [19]. Thisis &l the more relevant to
naive meditators with pain, depression, and anxiety symptoms,
making for apotentially challenging experience that discourages
further MM practice.

Supportive training tools, such as smartphone apps, are widely
used to receive audio guidance on MM, and evidence is
emerging for their immediate and long-term effects on atering
mood states [20]. However, few studies have investigated the
clinical utility and physiologica changes related to
meditation-based smartphone apps [21]. Furthermore, audio
instructions may not be readily applicable in participants with
clinical symptoms as they may be more vulnerable to their
mind-wandering effects amidst meditation practice. In 1 study,
acomputer-based mindful breathing task provided random audio
tones during the practice to prompt participants to reorient
attention to bresthing sensations after pressing a button on the
keyboard to indicate whether they had been paying attention to
breathing or other experiences at the time of thetone [22]. The
results showed higher instances of breath attention were
correlated with increased HRV during the practice, suggesting
a positive relaxation effect of the mindful breathing task. This
paradigm could be effectively applied in a clinical context for
individuals who may initialy struggle to practice mindful
breathing, such as those with chronic pain and severe
depression-anxiety symptoms. Although multiple studies have
shown that MM leads to HRV increases [13,22], there are no
known studies that have investigated the effects of a
smartphone-based mindful breathing task on HRV inindividuals
with chronic pain and severe depression-anxiety symptoms.
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One study provided naive meditatorstraining in the mindfulness
technique of thought distancing using a smartphone app or
traditional mindfulness practice without an app. They found
significantly greater mindfulness and pleasantness and lower
perceived difficulty associated with the smartphone app—based
mindful ness practice compared with the nonapp conditions[23].
More investigations are needed to determine in what ways
smartphone apps can be employed as an effective medium of
delivering mindfulness training to vulnerable populations who
are naive to meditation.

A recent systematic review of mindfulness-related apps found
over 500 apps in the marketplace, but only 23 were designed
to provide mindfulness training, and they were largely focused
on providing audiovisual guidance, timers, and reminders to
practice [21]. The review revealed that only 1 randomized
controlled trial (RCT) for a mindfulness app was underway at
the time [24] and that, generally, there is limited evidence
availablefor the efficacy of appsinincreasing mindfulness[21].
Furthermore, the literature on existing mobile apps marketed
for chronic pain reveds that, with few exceptions [25], they
rarely adhere to scientific guidelines and that health care
professionals are rarely involved in their development [26-29].

Theaim of thisstudy isto overcome some of the aforementioned
limitations by designing an app with input from clinical
researchers and empirically testing the app’s effectivenessin a
sample of young adults with CP, anxiety, and depression. To
cultivate mindful ness, a mobile-based Mindfulness Meditation
app (MMA) was developed based on Burg et a’s [22] mindful
breathing exercise that “assesses the participants ability to
mindfully stay in contact with the bodily sense of the breath
during an exercise aligned with breathing meditation” [22]. In

Figure 1. The Mindfulness Meditation App.

Azam et al

lieu of verbal meditation instructions amidst practice, the task
provides audio tones at random intervalsto which practitioners
respond by pressing keys to indicate breath (if they were
attending to their breathing at the sound of the tone) or other
(if they were attending to an experience other than the breath
at the sound of the tone). This simplified task may be more
suitable to beginner meditators and particularly those with
various psychiatric and pain symptoms that make meditation
practice more difficult [19]. In a previous pilot study of the
MMA (VV Latman, MA, unpublished data, June 2017),
participants with chronic pain and severe depression-anxiety
symptoms randomized to the 12-min MMA task exhibited
significant reductions in mood states of anxiety, anger, and
overall distress.

This study will evaluate the psychophysiological effects of a
smartphone-based MMA (12 min; Figure 1) for individualswith
clinically significant symptoms of major depression or anxiety
(DA) or chronic pain. Specifically, the study aims to examine
parasympathetic activity using HRV (primary outcome) in
groups of participants who self-report clinically significant
symptoms of DA and CP and condition-free (CF) participants
who do not meet our criteria for either. In addition, given the
linkages between HRV and the following psychological
processes within psychological and medical conditions, the
study will also assess mind wandering and present moment
awareness, mood symptoms, and breath focus before and after
the intervention. All study groups will be randomized to an
MMA (MMA+) condition or aMM condition without the app
(MMA-) after a brief stressinduction procedure.

Overall, 3 major hypotheses (1a, 1b, 2a, 2b, and 3) will betested.

. BREATH

OTHER
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Primary End Point

Hypothesis 1a

HRV change scores during MM will be significantly higher in
the CP and DA groups receiving MMA+ compared with
corresponding CP and DA groups receiving MMA-, and will
not differ between CF groups receiving MMA+ or MMA-.

Hypothesis 1b

HRV will significantly increase from the stress to MM phases
in CP and DA participants receiving MMA+ compared with
corresponding CP and DA groups receiving MMA-, and will
not differ between CF groups receiving MMA+ or MMA.

Secondary End Points

Hypothesis 2a

CP and DA participants randomized to MMA+ will report
significant pre-post increases in levels of present moment
awareness and state mindfulness compared with participants
randomized to MMA -, and present moment awareness and state
mindfulnesswill not differ between CF groupsreceiving MMA+
or MMA.

Hypothesis 2b

CP, DA, and CF participants receiving MMA+ will report
significantly lower mind wandering than corresponding
participants receiving MMA-, reflecting the potential for
MM A+ to make participants more able to recover their attention
from mind-wandering contents and processes during MM.

Azam et al

Hypothesis 3

CP and DA participants randomized to the MMA+ condition
will demonstrate significant reductionsin mood symptoms (state
depression and anxiety) after the MM task compared with CP
and DA participants randomized to the MMA- condition,
reflecting the potential for MMA+ to facilitate the emotion
regulation effects of MM for clinical populations.

Methods

Design

This RCT study was designed according to the 2010
Consolidated Standards of Reporting Trials statement
(Multimedia Appendix 1) [30], reviewed and approved by the
York University research ethics board (Human Participants
Review Committee protocol number €2017-303), and registered
with Clinical Trials.gov (NCT03296007) on September 22, 2017,
before the recruitment of the first participant. A total of 180
male and female participants will be recruited from the
Web-based York Undergraduate Research Participant Pool,
based on voluntary participation, and classified into 3 groups
of approximately 60 participants each (and randomized into
MMA+ or MMA-) based on their prescreening questionnaires:
CP(n=30 MMA+ and n=30 MMA-), depression-anxiety (n=30
MMA+ and n=30 MMA-), and CF participants (n=30 MMA+
and n=30 MMA-; Figure 2).

Figure 2. Consolidated Standards of Reporting Trials 2010 flow diagram showing anticipated participant flow for enrolment, group classification,
randomization to intervention, and analyses. MMA-: mindful breathing practice without using the Mindfulness Meditation app; MMA+: mindful
breathing practice using the Mindfulness Meditation app; TBD: to be determined.
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Sample Size Estimation

Sample size estimate for a repeated-measures linear
mixed-effects analysis of variance (ANOVA) with 3 groups
(CP, DA, and CF), 2 conditions(MMA+, MMA-), and 3 phases
(baseline, stress induction, and MM) indicates that a total of
141 participants are needed to detect small-to-medium effect
size (f=0.15) HRV changes with a type | error rate (alpha) of
.05, a power of 0.95, and a 0.50 correlation between repeated
measures (G* Power; Heinrich Heine University Disseldorf).
The small-to-medium effect size corresponds to previously
published studies of HRV increases during brief mindfulness
practice[13,14]. Recruitment of more than 180 participantswill
allow for an attrition rate of approximately 20% because of
withdrawals, dropouts, technical failures, and missing data. On
the basis of prescreening and recruitment numbers in our past
pilot study (VV Latman, MA, unpublished data, June 2017),
we found the percentage of participants reporting diagnosed
CP, severe depression, or anxiety symptoms to be 27%, 33%,
and 41%, respectively. Accordingly, the combined number of
students expected to be prescreened for eligibility to enroll 60
participants per group will be approximately N=550.

Inclusion and Exclusion Criteria

Participants will be eligible for the study if they are enrolled in
acourse a York University that provides course participation
credit viastudy enrolment through the Undergraduate Research
Participant Pool website. On the recruitment website aswell as
on the consent form, we have explained that the study may
require use of a smartphone-based task. Participants with
self-reported cardiac conditions (eg, cardiac arrhythmias,
coronary artery disease, and pacemaker) will be excluded as
they contravenetheinterpretation of vagal-mediated HRV [31].
Participants in this study will have no prior relationship with
the researchers, including participation in classes by faculty
members on the research team.

Procedures

Group Classification and Randomization

Upon signing up for the study, participants will be instructed
to arrive to the Human Pain Mechanisms Lab at York
University, where the study procedures will be explained, and

https://www.researchprotocols.org/2019/12/€14119
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informed consent will be obtained from all participants.
Participants will complete prescreening questionnaires for CP,
depression, or anxiety symptoms. A research assistant will score
the questionnaire once completed and check to see if the
participant meets severe criteriafor depression symptoms (=21
on the Centre for Epidemiological Studies Depression Scale)
[32] or anxiety symptoms (=36 on the Beck Anxiety Inventory)
[33]. If they meet such criteria, they will be classified into the
depression-anxiety group and randomized tothe MMA (MMA+)
or no app (MMA-) condition. If the participant reports having
a CP condition (>3 months of pain on the Brief Pain Inventory)
[34], they will be classified into the CP group and randomized
to MMA+ or MMA-. Participants who do not meet the criteria
for CP or severe depression-anxiety symptomswill be classified
into the CF group and randomized to MMA+ or MMA-.

A 3-block randomization schedul e (CP, depression-anxiety, and
condition free) with 2 treatment arm allocations (MMA+ and
MMA-) was created by the study coinvestigator (study author
MAA) using a randomization sequence generator [35]. The
randomization schedule uses a 1:1 ratio with blocks of 10.
Treatment allocation will be determined by study coordinators
and staff members after participants compl ete their prescreening
guestionnaires to determine their group classification (Figure
2). Study research assistants review prescreening questionnaires
and assign the grouped participants to their corresponding
trestment arm using arandomization schedule column concealed
in acomputer spreadsheet using the highlight (black) function.
Upon entering participants into the spreadsheet, research
assistants unhighlight the next available cell in the corresponding
column to reveal their treatment assignment.

Experimental Session

Participants will undergo a 3-phase (baseline, stress induction,
and MM) assessment during which electrocardiogram (ECG)
and respiration rate datawill be collected for later HRV analysis
(Figure 3). A mobile cardiogram system by MindWare
(MindWare Technologies, LTD) will be used, requiring
placement of 3 adhesive electrodes on theright clavicle and left
and right hipbones and a respiratory belt secured around the
participant’s waist.
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Figure3. Study procedures. Physiological assessmentsarein red boxes, and questionnaire assessmentsarein gray boxes. BAl: Beck Anxiety Inventory;
BPI: Brief Pain Inventory; CES-D: Center for Epidemiology Depression Scale; FFMS: Five-Factor Mindfulness Scale; HRV: heart rate variability;
MWI: Mind-Wandering Inventory; PARS: Present Moment Awareness Rating Scale; POMS: Profile of Mood States, SDRS-5: Social Desirability
Rating Scale-5; SUDS: Subjective Units of Distress Scale. TMS: Toronto Mindfulness Scale.
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Rest Phase

The first phase will comprise a 5-min baseline period during
which participants will rest quietly with their eyes closed and
not speak or make sudden movements.

Stress Induction Phase

Following the baseline phase, a 5-min stressinduction procedure
will be performed whereby the participant engages in a set of
mental arithmetic tasks, with theinstruction to work as quickly
as possible for maximal performance. Mental arithmetic was
chosen as a stressor task because of its superior propertiesin
eiciting sympathetic responses compared with other
laboratory-based stressors [36].

Post-Stress M editation Phase

After the stress induction phase, a post-stress MM phase will
involve either the MMA+ or MMA- task according to the
randomization schedule.

After completing the prestudy set of questionnaires, participants
will be randomized to either the smartphone-based MMA+ or
a mindful breathing practice without use of a mobile app
(MMA-). Mindful breathing instructions will involve paying
attention to breathing sensations while seated with eyes closed
for 12 min and reorienting attention back to breathing once
aware of mind wandering [2]. Research assistantsremain inthe
room during the intervention phase, for both intervention
conditions, to ensure there are no technical or practical issues
with the interventions. There are no adverse events expected
during the study, and participants are free to withdraw their
participation at any time during the study with no penalty to
their research credit or any other costs.

Intervention Arm: Mindfulness M editation With the
App

The MMA was devel oped using JavaScript and installed on an
iPhone 4s. Asthe app was designed with young adultsin mind,

https://www.researchprotocols.org/2019/12/€14119
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the leading thought was to keep the intervention brief and the
design simple and easy to use. Participants are asked to hover
their thumbs on 2 buttons, breath and other, presented on a
white screen for the duration of the task (Figure 1). The MMA
is a 12-min breath awareness task that involves a total of 24
silent phases comprising 6 different durations (5 seconds, 15
seconds, 25 seconds, 35 seconds, 45 seconds, and 55 seconds)
randomly presented 4 times each and followed by the
presentation of a 1-second tone. During the silent phases,
participants are to practice mindful breathing with their eyes
closed by paying attention to their breathing sensations and
reorienting their attention when noticing their mind wandering.
At the sound of the tone, participants press breath if, in that
moment, they were attending to their breath, or other if they
were attending to other experiences. Participants are instructed
to return their attention to mindful breathing after pressing 1 of
the 2 buttons on the screen. The app was designed to record
reaction time from tone onset to button press and the number
of times breath and other buttons were pressed. A prototype
was first tested internally, and feedback was gathered from the
research team and pilot participants to ensure a smooth user
experience without technical bugs. Feedback influenced
decisions regarding the number of tones and interval between
tones played, the size of the breath and other buttons, and the
addition of al-mintrial period before commencing the 12-min
meditation task.

Participants in the MMA+ condition will use the MMA to
practice mindful breathing with the following instructions: “ For
the duration of the task, pay attention to your breathing
sensations, including (1) the feeling of the air passing through
your nostrils, (2) the movement of your in-and-out breath at
your chest and torso, (3) the sound of the air as you breathe in
and out, (4) the temperature (coolness or warmth) of the
in-and-out breath, and (5) returning your attention to your breath
when you have noticed your attention has been elsewhere” In
addition, amidst mindful breathing practice, they will be asked
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to press abreath (I am paying attention to my breath) or other
(I am not paying attention to my breath) button on the phone
screen when hearing atoneintroduced at randomintervals. The
MMA task will involve atotal of 24 silent phases of 6 different
durations (5 seconds, 15 seconds, 25 seconds, 35 seconds, 45
seconds, and 55 seconds) randomly presented 4 times each and
followed by the presentation of the tone. Participants are
provided a 1-min practice session with the app before the
intervention  session.  Participants  will engage in
smartphone-based mindful breathing for 12 minin aseated and
eyes closed position.

Control Arm: Mindfulness M editation With No App

Participants in the MMA- condition will engage in mindful
breathing without use of the smartphone app for 12 minin a
seated and eyes closed position.

M easures

Heart Rate Variability

There are several metrics that quantify HRV, the majority of
which are either time based or frequency based. With the
beat-to-beat interval series (also referred to as the R-R series),
one can estimate the square root of the mean of sguared
successive differences between interbeat intervals (I1BI), which
has been found to be strongly correlated with respiration-based
heart rate (HR) changes) [37]. It isimportant to note that both
the IBI and the standard deviation of IBI's are subject to
increases with longer ECG recordings (influenced by slower,
long-range  fluctuations in  HR independent  of
respirati on-induced beat-to-beat changes). Thus, the Task Force
[38] has recommended 5 min as a standardized length of HRV
assessment in clinical and psychophysiological research. Using
the frequency domain measure, one can examine the extent to
which the HR varies within specific frequency ranges. The
Fourier transform method deconstructs the time domain
representation of the R-R series and computes a measure of
power in several frequency bands in units of milliseconds

squared (ms?). These bands include ultralow frequency (<0.04
Hz), low frequency (0.04-0.15 Hz), and high frequency (HF;
0.15-0.4 Hz). Typicaly, the frequency band of interest for the
purposes of HRV interpretation isthe HF band, asthisiswhere
therespiratory-linked beat-to-beat changes arereflected [37,39].
Although this is not intended to be an exhaustive account of
HRV metrics, the aforementioned measures are the most
commonly used in studies of vagal influence on cardiac
chronotropy. On the basis of the recommendations by the 2
international committees [38,40], this study focuses on the
frequency measure as the primary measure to interpret changes
in vagal-mediated HRV across different conditions.

ECG recordings will be collected using MindWare Impedance
Cardiograph acquisition system and used to analyze HF-HRV
as the primary HRV measure. The MindWare system utilizes
3 adhesive electrodes applied to the right collarbone (negative
lead) and the lower left and right ribs (positive lead and ground
lead) or aternatively the wrists (positive and negative leads)
and ankle (ground lead) if necessary. MindWare BioLab and
HRV software will be used to calculate time- and
frequency-based HRV metrics. Patientswill be measured during
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phases of (1) rest in a seated position with eyes closed (5 min),
(2) a stress induction task requiring rapid completion of
arithmetic problems (5 min), and (3) meditation conditions of
MMA+ or MMA-.

Respiration Rate

A MindWare respiratory belt (below the sternum) will be used
to monitor respiration rate during rest, stress induction, and
meditation. Respiration is a potential confounding variable for
HRV interpretation and will be used as a covariate in HRV
analyses if it is found to differ between assessment phases or
study groups[31].

Breath Focus and Reaction Time

Using data collected with the MMA+, breath focus will be
measured using the ratio of breath and other responses during
the MMA+ task. Reaction time measureswill also be collected
pertaining to mean (seconds) in pressing breath and other
buttons during the MM A+ task.

Prescreening Questionnaires

Thefollowing prescreening questionnaireswill be administered
to students to determine group classification by assessing for
clinical CP (The Brief Pain Inventory), depression (The Center
for Epidemiological Studies-Depression Scale), and anxiety
symptoms (Beck Anxiety Inventory).

Brief Pain I nventory—Short Form

The Brief Pain Inventory isa 16-item, self-report questionnaire
that measures pain intensity and pain interference. The test has
good internal consistency (apha=.85) and high test-retest
reliability [41].

Center for Epidemiological Studies Depression Scale

The Center for Epidemiological Studies Depression Scale
(CES-D) isascreening test for depressive symptoms with good
sensitivity and specificity and high internal consistency [32].
The CES-D has been found acceptable and reliable in adol escent
and young adult populations [42].

Beck Anxiety Inventory

The Beck Anxiety Inventory is a 21-question multiple-choice
self-report questionnaire that is used for measuring anxiety
severity. Internal consistency (Cronbach alpha) rangesfrom .92
to .94 for adults and test-retest (1-week interval) reliability is
0.75[33].

Secondary Outcomes and Trait Questionnaires

Participants will also be asked to complete the following
guestionnairesto assess mood (Profile of Mood States[POMS]),
present moment awareness (Present Moment Awareness Ratings
Scale[PMARS]), mind-wandering (Mind-Wandering Inventory
[MWI]), state mindfulness (Toronto Mindfulness Scale[TMS]),
trait mindfulness (Five Factor Mindfulness Scale), socia
desirability (Social Desirability Response Set 5-Item Survey),
and subjective stress (Subjective Units of Distress Scale
[SUDS)).

Profile of Mood States
The POM Sisa 37-item questionnaire designed to assess global
distress as well as 6 mood states: fatigue, vigor-activity,
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tension-anxiety, depression, anger-hostility, and
confusion-bewilderment. Participants are asked to indicate the
degree to which they have experienced different mood statesin
the past week. The scale has good internal consistency
(alpha=.91) and test-retest reliability (r=0.74). The POMS has
been validated for use in adolescents and adults [43]. Higher
total scores represent greater total mood disturbance [44].

Present M oment Awareness Ratings Scale

The PMARS is a 5-item questionnaire devel oped specifically
for usein thisstudy. Participantswill be asked to rate their level
of awareness of different aspectsof present moment experiences.
The PMARS was used in a previous pilot study (VV Latman,
MA, unpublished data, June 2017), and statistical analyses of
its psychometric properties is underway [45].

Mind-Wandering I nventory

The MWI isa5-point Likert-based questionnaire developed by
the authors with items retroactively ng the frequency of
different types of mind-wandering events the respondent
experienced during the mindful breathing task. The MWI was
used in a previous pilot study (VV Latman, MA, unpublished
data, June 2017), and statistical analyses of its psychometric
properties is underway [46].

Toronto Mindfulness Scale

The TMS is a state measure of mindfulness with 2 factors:
curiosity and decentering. The TMS defines curiosity as an
awareness of present moment experience with acurious attitude.
Decentering is defined as an awareness qualified by distance
and separation from current experience. The TMS has good
internal consistency of apha=.95. Current research demonstrates
that the TM Sisareliable and valid measure of mindfulnessthat
accurately measures curiosity and decentering [47].

Five-Factor Mindfulness Scale

The Five-Factor Mindfulness Scale (FFMS) is a 39-item
Likert-based scale that assesses 5 aspects of mindfulness:
nonreactivity to inner experience, acting with awareness,
describing, nonjudging of inner experience, and observing.
Research hasdemonstrated the FFM Sto be valid in community
and student sampleswith an internal consistency of a phagreater
than .90 [48].

Socially Desirable Response Set 5-1tem Survey

The Socially Desirable Response Set 5-Item Survey (SDRS-5)
is a self-report measure designed to assess the tendency for
individualsto provide socially desirable responsesto self-reports
of attitudes, behaviors, and feelings. Alphareliability estimates
for this instrument have been found to be between .66 and .68
[49].

Subjective Units of Distress Scale

The SUDS is ameans of rating the severity of current distress
(or anxiety), allowing for the monitoring of changes over time,
whereQisfeeling perfectly relaxed and 100 isthe worst anxiety
and stressimaginable [50]. Participantswill be asked to provide
0 to 100 SUDS ratings at baseline, post-stress induction, and
after the post-stress meditation phases. The SUDS ratings will
be used to do a manipulation check with respect to the mental
arithmetic stressor and to monitor changes in stress over time.

https://www.researchprotocols.org/2019/12/€14119

Azam et al

Statistical Analyses of Outcomes

This study has 2 coprimary hypotheses based on published
recommendations for HRV analyses [31,39]. Generadly,
within-subject designs and analyses are preferred considering
the high interindividual variations observed in HRV measures.
To analyze differences in HRV with respect to MMA+ and
MM A- between groups, change scores from stressto MM will
be computed by subtracting stresssHRV from MM-HRV and
used as the dependent variable in hypothesis 1a. In addition,
within-subject changesin HRV according to the MM conditions
and groups will be examined in hypothesis 1b. Results will be
interpreted using significance values, confidence intervals, and
effect sizes [51]. Intention-to-treat methodology will be the
guiding principle of analyses. A complete case analysis approach
will be used in anticipation of missing or unusable data.

Hypothesis 1a

To analyze HRV change in groups between the stress and MM
phases, alinear mixed model will be used with group (CP, DA,
and C) and condition (MMA+ and MMA-), with HRV change
scores from stress to MM phases as the dependent variable.
Planned comparisons will be computed comparing the MMA+
and MMA- conditions for each group (CP, DA, and C).

Hypothesis 1b

Toanalyze HRV differences between groups and across phases,
a 3-way linear mixed-effects ANOVA will be used with group
(CP, DA, and C), phase (baseline, stress, and MM), and
condition (MMA- and MMA+), with HRV as the dependent
variable. Significant interactionswill befollowed up with simple
effects analyses comparing the stress and MM phases for each
group (CP, DA, C) within the 2 conditions (MMA+ and
MMA-).

Hypotheses 2a and 2b

To analyze pre-post increases in levels of present moment
awareness, state mindfulness, and mind wandering, separate
3-way repeated-measures ANOVA with group (CP, DA, and
C), time (pre and post), and condition (MMA- and MMA+)
will be used with simple main effects to examine significant
interactions.

Hypothesis 3

To analyze pre-post changes in mood, a 3-way ANOVA with
group (CR, DA, and C), time (pre and post), and condition
(MMA-and MMA+) will be used with simple main effectsto
examine significant interactions.

Exploratory Analyses

Associations between HRV and psychometric measureswill be
explored with Pearson correl ations and linear regression models
using the following constructs. present moment awareness
(PMARS), mind wandering (MW]1), anxiety symptoms (Anxiety
Sensitivity Index), depressive symptoms (CES-D), state
mindfulness (TMS), and mindfulness skills (FFMS). Breath
focus and reaction time will be examined for group differences
(CP, DA, and C) using 1-way ANOVA. Given potential
response bhiases in self-reported outcomes, we will examine
group differences in socially desirable responding (SDRS-5)
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using 1-way ANOVA and use it as a control variable in
applicable outcome analyses.

Results

Recruitment for the study began in November 2017 and is
expected to be completed in winter of 2019-2020. Data
collection is currently underway. As of July 2019, we have
recruited 189 total participants (CP=41, DA=55, and CF=93).
Data analysis, manuscript writing, and additional publications
are expected to be completed in the fall and winter of 2019.

Discussion

Principal Findings

The main findings of the study are expected to reveal a positive
pattern of HRV responses acrossthe different study groups, CP,
DA, and C, such that they exhibit significantly increased HRV
(P<.05) inthe treatment condition, MM A+, in comparison with
the control condition, MMA-. Onthebasis of previousresearch
published by our team, HRV isexpected to increase during MM
when practiced after stressor tasks [13,14]. However, a pattern
of inflexible HRV responses has been noted in previous studies
involving participants with clinical characteristics. For instance,
a randomized experimental study of students high on
perfectionistic traits and nonperfectionist studentswas conducted
with measurement of HRV at baseline, stress, and during
subsequent audio-guided MM or arest condition with an audio
lecture. Only the nonperfectionist group exhibited significantly
increased HRV in the mindfulness condition, whereas the
perfectionists did not, reflecting an inflexible state of
sympathetic dominance[13]. A follow-up study was conducted
with headache and headache-free participants where both groups
showed increased HRV during post-stress mindfulness.
However, during post-stress rest, the headache group exhibited
significantly lower HRV compared with headache-free
participants, reflecting impaired ability for cardio-vagal recovery
[14]. This pattern of results is consistent with literature
indicating low and inflexible HRV patternsin individuals with
clinical characteristics of depression, anxiety, and chronic pain
[52-54].

The MMA isdesigned asasupportivetraining tool to aid clinical
populations with mindful breathing practice. Accordingly, our
primary hypothesisisthat HRV will increase from the stressto
MM phasesin DA and CP participants randomized to MMA+
compared with MM A-. Specifically, mindful bresthing practice
with the aid of the MMA is expected to yield additional
relaxation effects for participants, by way of respiratory sinus
arrhythmia, to be reflected in increased HRV measures.
Examination of secondary hypotheses will help to further
contextualize therole of key psychological processes, including
present moment awareness, state mindful ness, mind wandering,
and mood, as mediators and outcomes of mindfulness-based
treatments.
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Limitations

A potentia limitation of this study is the lack of blinding of
research assistants with respect to group screening and treatment
allocation procedures. Research assistantsare required to remain
in the room to address any technical or practical issueswith the
intervention, negating the possibility of blinding research
assistants to treatment. However, both MMA+ and MMA-
conditionsentail app- or self-guided mindful breathing practice
with no active involvement of research assistants; thus, risk of
bias in intervention delivery is low. Another limitation is that
the use of the MMA presents a demand characteristic requiring
participants to reliably report breath or other responses. Any
accidental responses by participants that do not correspond to
their attentional states (eg, pressing breath when the intention
was to press other) cannot be corrected during the MMA task,
and may momentarily distract participants during the task. In
addition, participants will only be provided 1 session of the
MMA task, whichisalimited duration of exposurethat prevents
examination of dose-response effects. In future longitudinal
studies, we hope to test repeated practice with the app and its
effects on HRV, pain, mood, and other outcomes. In terms of
study groups, classification criteriadid not exclude individuals
who reported mild-to-moderate levels of depressive-anxiety
symptoms or pain for less than 3 months, instead classifying
subcriteria participants as condition free. The presence of
symptoms in the CF group has the potential to impact results.
With regard to study outcomes, it must be noted that the MWI
and present moment awareness rating scales are awaiting
psychometric validation and will undergo factor analyses based
upon the data gathered in thisand other studies. One procedural
limitation is that the MMA- condition is not structurally
identical to the MMA+ condition as it foregoes the use of a
smartphone app during the practice of mindful breathing. To
preservetask similarity, it may be useful in future studies of the
MMA to provide participants with a control app that does not
provide random-interval tones as they practice mindful
breathing. Finally, the study is based on undergraduate student
populations, limiting generalizability until future studies are
conducted with community and clinical populations.

Conclusions

This RCT will contribute to the burgeoning health psychology
literature about the clinical relevance of HRV measures in the
assessment and treatment of psychiatric and health conditions.
The findings may also contribute to the growing use of HRV
as a biomarker and biofeedback tool within clinical and health
psychology. Furthermore, there is an evolving need for an
evidence basis related to supportive mindfulness training tools
for the self-management of symptoms related to depression,
anxiety, and chronic pain. The innovation of incorporating
mindful breathing practiceinto ascalable app providesvaluable
information to allow for future iterative devel opment of an app
involving novel techniques for teaching mindfulnessto clinical
populations.
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Abstract

Background: Low back pain (LBP) is prevalent across al social classes, in all age groups, and across industrialized and
devel oping countries. From aglobal perspective, LBPis considered theleading cause of disability and negatively impacts everyday
life and well-being. Self-management is arecommended first-line treatment, and mobile apps are a promising platform to support
self-management of conditions like LBP. In the selfBACK project, we have developed a digital decision support system made
available for the user via an app intended to support tailored self-management of nonspecific LBP.

Objective: Thetrial aims to evaluate the effectiveness of using the selfBACK app to support self-management in addition to
usua care (intervention group) versus usual care only (control group) in people with nonspecific LBP.

Methods: This is a single-blinded, randomized controlled trial (RCT) with two parallel arms. The selfBACK app provides
tailored self-management plans consisting of advice on physical activity, physical exercises, and educational content. Tailoring
of plansis achieved by using case-based reasoning (CBR) methodology, which is a branch of artificial intelligence. The core of
the CBR methodology is to use data about the current case (participant) along with knowledge about previous and similar cases
to tailor the self-management plan to the current case. This enables a person-centered intervention based on what has and has not
been successful in previous cases. Participants in the RCT are people with LBP who consulted a health care professional in
primary care within the preceding 8 weeks. Participants are randomized to using the selfBACK app in addition to usual care
versus usual care only. We aim to include a total of 350 participants (175 participants in each arm). Outcomes are collected at
baseline, 6 weeks, and 3, 6, and 9 months. The primary end point is difference in pain-related disability between the intervention
group and the control group assessed by the Roland-Morris Disability Questionnaire at 3 months.

Results. Thetria opened for recruitment in February 2019. Data collection is expected to be complete by fall 2020, and the
results for the primary outcome are expected to be published in fall 2020.
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Conclusions: This RCT will provide insights regarding the benefits of supporting tailored self-management of LBP through an
app available at times convenient for the user. If successful, the intervention has the potential to become amodel for the provision
of tailored self-management support to people with nonspecific LBP and inform future interventions for other painful

muscul oskeletal conditions.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(12):€14720) doi:10.2196/14720

Clinical Trial.gov NCT03798288; https://clinicaltrials.gov/ct2/show/NCT03798288
DERR1-10.2196/14720

KEYWORDS

low back pain; self-management; case-based reasoning; eHealth; mHealth; app; decision support system

Introduction

Low back pain (LBP) is a leading contributor to years lived
with disability [1,2]. The economic costs associated with health
care, sickness absence, lost ability to work, and treatment costs
of nonspecific LBP are amajor societal burden [3-5].

Clinical guidelines recommend education, exercise therapy,
multidisciplinary treatments, and combined physical and
psychological interventionsfor the management of LBP [6-10].
Self-management programs including elements of such
recommended components are suggested as options for
conditions like nonspecific LBP [11]. Self-management is
commonly defined as active engagement and carefor one’sown
health by managing symptoms, physica and psychological
problems, and their impact [11,12]. Although self-management
is a recommended LBP treatment, the effectiveness of
self-management for LBP has been reported in systematic
reviews to be moderate for pain and small to moderate for
pain-related disability [13,14]. These results may be explained
by the large variation in the content of self-management
programs [13] and the poor adherence commonly observed in
relation to such programs[14,15]. Adherence is influenced by
several factors such astailoring of the program to the individual
and support to persist with self-management [16].

Digital solutions such as mobile apps can be used as platforms
for supporting self-management [17,18] and may solve some
of the problems outlined above. First, some evidence indicates
that tailoring of self-management advice to people with LBP
may be more effective than nontailoring to improve pain and
function [19]. Second, tailored digital health solutions may help
to increase engagement and adherence[20]. During recent years,
avast number of appsthat target self-management of LBP have
been introduced to the commercia market. A systematic review
identified 61 available apps on Google Play and the App Store
and concluded that the apps were of poor quality and included

https://www.researchprotocols.org/2019/12/€14720

poor-quality information from questionable sources and none
of the apps had been tested for effectiveness[21]. A systematic
review that synthesized and critically appraised the published
evidence concerning the use of interactive digital interventions
to support self-management of LBP found the literature to be
heterogeneous and many studies to be poorly described [22].
Thus, the benefits and utility of digital interventions for
self-management of LBP for the population at large remains
unclear, presenting an important knowledge gap.

IntheselfBACK project, we have devel oped an evidence-based
and data-driven decision support system (DSS) delivered viaa
smartphone app to facilitate, improve, and reinforce
self-management of nonspecific LBP. The design and
implementation of the selfBACK DSS have been described
elsawhere [23]. The selfBACK triad is designed as an
international multicenter randomized controlled trial (RCT)
with two parallel armstesting the effectiveness of the self BACK
DSSin addition to usual care (intervention group) versus usual
careonly (control group) for participantswith nonspecific LBP.
We hypothesize that participants randomized to theintervention
group will have reduced pain-related disability at 3 months,
measured by the Roland-Morris Disability Questionnaire
(RMDQ), compared with participants randomized to the control

group.
Methods

Participants and Setting

Inclusion and exclusion criteria are outlined in Textbox 1. The
assessment of whether the criteria are considered to limit
participation is performed either by the referring health care
professional (HCP) or based on participant’s self-report. The
selfBACK intervention is tested on a general LBP population
rather than a specific subgroup to reflect that the intervention
targets care-seeking patients not limited to specific
characteristics such as symptom duration.

JMIR Res Protoc 2019 | vol. 8 | iss. 12 |€14720 | p.17
(page number not for citation purposes)


http://dx.doi.org/10.2196/14720
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Textbox 1. Selection criteria.
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Inclusion criteria:

«  Danish or Norwegian adults (aged 18 years and older)

«  Must own and regularly use a smartphone with internet access

Exclusion criteria

«  Cognitive impairments or learning disabilities limiting participation

- Inability to take part in exercise or physical activity
«  Fibromyalgia (diagnosed by a health care professional)
o  Pregnancy

«  Previous back surgery

«  History of low back pain of any duration in patients having sought carefor their low back pain within the preceding 8 weeksfrom primary practice
(genera practice, physiotherapy, or chiropractic serving asfirst point of contact) or a specialized outpatient hospital facility (Denmark)

e Must score mild to severe pain-related disability rated as 6 or above on the Roland-Morris Disability Questionnaire

«  Must have aworking email address and access to a computer with internet access

« Unableto speak, read, or understand the national language (Danish or Norwegian)

« Menta or physical illnesses or conditions limiting participation as assessed by the referring health care professional or the participant

«  Ongoing participation in other research trials for low back pain management

Recruitment and Screening

Recruitment is performed in Trondheim, Norway, and Odense,
Denmark. Therecruitment flow isdescribed in Figure 1. A total
of 350 participants are to be recruited to the RCT. Of these,
75% (262/350) will be recruited in Denmark and 25% (88/350)
in Norway. Recruitment is undertaken by physiotherapists,
chiropractors, and general practitioners. In Denmark, participants
are additionally recruited from the Spine Centre of Southern
Denmark, an outpatient hospital that provides care for people
with back pain referred from primary care, either family
physicians or chiropractors. The Spine Centre provides
diagnostic assessment and prescribes treatment plans. For all
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recruitment sites, people seeking care due to nonspecific LBP
may be referred to the trial by the consulting HCP based on a
short description of eligibility for the trial. Final eligibility is
assessed by the research team during a screening phone call.
The recruitment to the selfBACK trial will not affect any
planned routine diagnostic assessment or treatment (usual care).

Interested patients are screened via telephone by a member of
the research team. If eligible and willing to participate,
participants give their verbal consent to participate and are
invited to complete the baseline questionnaire. Theresfter
participants give their written consent to participate and are
randomized to one of two groups.
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Figure 1. Participant flow through the selfBACK trial. The dashed lines indicate who the participant interacts with during the screening process and
randomization. GP: general practitioner; PT: physiotherapist; C: chiropractor; HCP: health care professional; LBP: low back pain.
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Verbal consent e Unable to speak, read or understand the
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s+  DMental of physical illness or condition
limiting participation

+  Inability to take partin exercise/physical
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+  Fibromyalgia (diagnosed by a HCP)

*  Pregnancy

+  Previous back surgery

¢  Ongoing participation in other research
trials for LBP management

Baseline questionnaires Excluded:
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questionnaires, withdraws from sfudy)
Face-to-face visit
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App delivered tailored self-management plan
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Participant education
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Follow-up Follow-up
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Randomization and Blinding

Participants are randomized to either (1) selfBACK DSS in
addition to usual care or (2) usua care only. Randomization is
performed as a block randomization with permuted blocks of
random size and stratified by country and care provider (ie,
genera practitioner, physiotherapist, chiropractor, or Spine
Centre). The adlocation ratio between groups is 1:1.
Randomization is performed in a Web-based trial management
system (Web Case Report Form [WebCRF]) developed and
administered by the Unit of Applied Clinical Research, Faculty
of Medicine and Health Sciences, Norwegian University of
Science and Technology (NTNU), Trondheim, Norway. The
WebCRF system holds a minimal dataset on al screened
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participants (variables include trial indentification number,
participant initials, country, type of HCP recruiting participant,
age, and gender). The study is single-blinded; participants are
not blinded to group allocation. Analysis and interpretation of
the study results will be performed by researchers blinded to
group alocation.

Intervention

Thetria and intervention are described following the Standard
Protocol Items: Recommendationsfor Interventional Trials[24]
and Consolidated Standards of Reporting Trials of Electronic
and Mobile Heath Applications and Online Teleheath
(CONSORT-EHEALTH) [25] guidelines.
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Usual Care

Participants receive usua care as deemed appropriate by their
HCP. This includes any diagnostic procedure, treatment, or
referral the HCP finds relevant considering the case history,
clinica findings, and pragmatic, daily clinical practices.
Participants can seek care, treatment, or help elsewhere asthey
find relevant. After the completion of the trial at 9 months,
participantsin this group are offered awearable device like the
one given to the self BACK group.

Use of the selfBACK App in Addition to Usual Care

The selfBACK app presents participants with weekly tailored
self-management plans consisting of recommendations on
number of steps per day, educational material, and a program
for strength and flexibility exercises. The process of tailoring
the weekly self-management plan has been described el sewhere
[23]. In short, aweekly self-management plan is created based
on information from four different sources: (1) the baseline
guestionnaire; (2) a weekly question and answer session
(tailoring session) where the participant via the app provides
up-to-date information on their LBP, function, fear-avoidance,
deep, pain self-efficacy, perceived stress, symptoms of
depression, and barriers for self-management; (3) the
participant’s report on accomplishing the recommended program
for strength and flexibility exercisesin the preceding week; and
(4) number of stepsin the preceding week recorded by aphysical
activity—detecting wristband connected to the selfBACK app.
Tailoring of the self-management plans is achieved by using
case-based reasoning (CBR) methodology. CBR is a branch of
artificial intelligence that imitates human reasoning and triesto
solve new problems by reusing solutions that were applied to
past similar problems. Hence, in the selfBACK DSS, the CBR
system uses data about the current participant case (from the
sources described above) al ong with knowledge about previous
and similar participant casesto tailor the self-management plan
to the current individual with LBP. The intervention is not
intended to replace follow-up by an HCP but to supplement the
usua care, and the participant is informed accordingly. Using
the CBR methodol ogy to support self-management isrelatively
unexplored. A recent study showed that using the CBR
methodology has the potential to improve glycemic control in
type 1 diabetes [26,27]. However, we are not aware of any
studies that have used CBR to support self-management of
muscul oskeletal disorders.

https://www.researchprotocols.org/2019/12/€14720

Sandal et &

The content for the app was developed using an intervention
mapping process[28]. Full details of the processwill be reported
separately. During the intervention mapping, the content of the
app was reviewed and assessed by patients and clinicians and
the app was then tested in two separate feasibility and one pilot
study before the RCT version of the app was finalized. The
resultsfrom these studieswill be reported separately. Participant
experiences using the app and entering the studieswere captured
in interviews and informed the conduct of this RCT. Overall,
the app was very well received among the pilot users, and
feedback from participants gave us areas for improvement for
the RCT (eg, explanation text in the app and during
installations). The self-management plans are built from three
types of content: (1) abank of educational material, (2) abank
of strength and flexibility exercises, and (3) physical activity
level (ie, step count). An overview of the available content is
presented in Table 1. The educational material is structured
under 14 main categories. Short messages are about 140
characters long. Some messages may include links to longer,
more explanatory texts (maximum 500 characters) or tools that
can be used to help the self-management of LBP. Some short
messages are rewritten into quizzes, where the educational
content is rephrased into yes or no questions.

The bank of physical exercisesholds 56 strength and flexibility
exercises organized in 5 targets and 14 pain-relief exercises
(Table 1). Exercisesare presented as ashort video accompanied
by a written instruction. The default recommendation is to
perform exercises in 3 to 5 sessions per week of 15 minutes
duration (eg, 3 exerciseswith an estimated duration of 5 minutes
per exercise, Table 1). The number of exercises is adjusted by
the participant’s indication of time available. The participant
reports on completed number of setsand repetitions per exercise.
The progression and regression of exercise difficulty is based
on the reported completion level. If the participant reports a
flare-up of LBP in the weekly tailoring session, a set of
pain-relief exercises is recommended instead of strength and
flexibility exercises.

Physical activity is tracked using a wearable device (Mi Band
3, Xiaomi). The wristband shows the achieved step count per
day. Educational messages and notifications aimed to motivate
more physical activity are pushed to the participant through the
app based on the step count data.
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Table 1. Overview of the content of self-management plans.
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Data available Physical activity

Physical exercise

Education

Information from
preceding week

Achievement of preceding week's step
goal

Content available Physical activity registration:

«  Stepcount registration by wristband

o Individuaized feedback for daily,
weekly, and monthly step count

« Adviceto stay active

. Motivational messages to increase
physical activity

Completion of exercise sessions

Completion of educational messages and

quizzes
Exercise targets: Message themes:
«  Abdominals *  Information about LBP?
. Back extensors e Understanding mind-body connection
«  Core stahil |ty. «  Self-management for LBP
«  Glutea and hip muscles «  Thoughts, behavior, attitude, and feel-
o  Flexibility ings
o Panrelief «  Fitting in self-management in a busy
Default program: life

Three exercises (1 abdominal + 1 back
extensor OR 1 core stability exercise).
Remaining exercises chosen randomly

First aid when your back hurts
LBP and comorbidities
Goal-setting and action planning

from the other groups.

Pacing and progression
Problem-solving

Relaxation

Sleep and LBP

Social support

Overcoming barriersfor self-manage-
ment

Educational tools:
«  Sleep reminder and sleep hygiene
«  Mindfulness
o  Goa-setting

3_BP: low back pain.

Outcomes

The primary outcome is pain-related disability at 3-month
follow-up assessed using the RMDQ [29]. The questionnaire
includes 24 items asking participants to indicate if they
experience functional impairments by answering yes or no to
a series of descriptions of functional abilities. Higher scores
indicate higher level of disability [30]. For the selfBACK trial,
we aim to identify a 2-point difference in RMDQ between the
intervention and control group at 3-month follow-up. The
rationale for selecting this cutoff was based on several
considerations. First, self-management through selfBACK is
included as an add-on to usual carein this trial. Although the
magnitude of effect for this novel intervention is difficult to
predict, asmall beneficial effect above that of usual care could
be important for this group of patients. Second, the suggested
minimal clinically important difference in RMDQ may vary
according to the disability level in the population under study
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[31]. Even though a 5-point difference has been reported as
clinically important [32], others have suggested a 1- to 2-point
differenceto beclinically important if the disability level islow
[33].

Descriptive variables include age, gender, height, weight, and
report of any comorbidities (comorbiditieswereregistered using
an existing questionnaire (HUNT3) from the Norwegian HUNT
study [34]). Demographic variables including family relations,
ethnicity, educational status, employment, and work
characteristics if employed are collected at baseline (Table 2).

A range of secondary and exploratory outcomesisincluded in
thetrial, and participants randomized to use the selfBACK app
in addition to usual care are asked a set of tailoring questions
weekly to individualize their self-management plan (Table 2).
App use data such as number of visits, duration spent using the
app, achievement scores, and number of days with visits are
registered (Matomo software).
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Table 2. Overview of the information collected at baseline, during the weekly tailoring sessions, and at follow-ups at 6 weeks and 3, 6, and 9 months.

Characteristics Baseline Weekly tailoring  Follow-ups
Descriptive variables
Participant characteristics X
Sociodemographics X
Primary outcome
Roland-Morris Disability Questionnaire [29,32] X X
Secondary and exploratory outcomes
Average pain intensity past week X X X
Worst pain intensity past week X X
Duration of current episode with low back pain X X
Pain medication frequency past week X X
Fear-Avoidance Belief Questionnaire [35] X x2 X
Pain Self-Efficacy Questionnaire [36] X xP X
Activity limitation, work and leisure X X
Work ability index (single-item) [37] X X X
Saltin-Grimby Physical Activity Level [38] X X
Patient Specific Function Scale [39] X X
Sleep problems [40] X xP X
Perceived Stress Scale [41] X X2 X
Quiality of life: EuroQoL 5-Dimension [42] X X
Brief 1liness Perception Questionnaire [43] X X
Patient Health Questionnaire-8 [44] X x° X

Global Perceived Effect
Patient Acceptable Symptom State
Perceived barriers

Pain-related function

3Fear-avoi dance assessed with single-item Tampa scale [45].
bReduced number of items or s ngleitems.

CFunction assessed with single items from Chronic Pain Grade Scale [46].

Data Collection, Storage, and Protection

Outcome measures are collected at baseline, 6 weeks and 3, 6,
and 9 months. Data collection is Web-based, and all data are
entered directly into the selfBACK database by the participants.
To maximize response rate, reminder emails are sent after 3
days and again after 6 days if no response to the first email. If
still no answer, aresearcher will contact the participant and ask
if they are willing to answer the RMDQ questionnaire over the
phone at follow-ups.

All outcome and other data are stored on secure servers at
NTNU, the servers are firewall protected, and back-up is
performed daily. Data storage is consistent with national
(Denmark and Norway) and European regulations on data
protection. Also, al data transferring processes are protected
using https and Secure Sockets Layer as well as sending the
datain encrypted format.

https://www.researchprotocols.org/2019/12/€14720

Sample Size

The sampl e size cal cul ations have been performed in two ways.
First, we performed a cal cul ation assuming only one follow-up
measure and a standard deviation of the RMDQ score of 6
points. The expected standard deviation was informed by
previous high-quality studiesin Denmark and United Kingdom
investigating ssimilar LBP populations [47-50]. Based on this
calculation, we estimated that a sample size of 382 (191 in each
group) was necessary to detect a 2-point difference with 90%
power and a 2-sided alphalevel of .05.

Second, we performed a simulation using 1000 repetitions of a
mixed-model regression for repeated measures assuming (1) 3
data points per participant (ie, baseline, 6 weeks, and 3 months),
(2) a2-point difference between groupson RMDQ at 3 months,
(3) a standard deviation of 6 points, and (4) a correlation
between repeated measures of 0.4. The latter was based on
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information from previoustrial swith repeated measuresfor the
RMDQ in similar LBP populations [51,52]. Based on these
assumptions and an alphalevel of .05, sample size calculations
show that 250 participants (ie, 125 participants in each group)
resultin apower of 92% (95% Cl 90%-93%) to detect a 2-point
differencein RMDQ between theintervention group and control
group a 3 months. Furthermore, simulations assuming a 2-point
difference between groups observed at both follow-up time
points (6 weeks and 3 months) indicated that a sample size of
180 (90 in each group) will result in a power of 94% (95% ClI
92%-95%). These sample size calculationsindicate that asample
size of approximately 250 persons (125 in each group) is
adequate when using the repeated measure design. A recent
systematic review showed that attrition rates ranged between
4% to 94% for digital self-management interventions lasting
between 2 weeks and 12 months in LBP populations [22]. To
allow for a 30% dropout rate at 3-month follow-up, we aim to
include atotal of 350 participantsin thetrial (175 participants
in each arm).

Statistics

The primary analysiswill estimate mean group difference with
95% confidence interval of the RMDQ score over the first 3
months. Analyses will be conducted according to the
intention-to-treat principle using a linear mixed model for
repeated measures. This model includes all available data for
all participants at each time point (ie, baseline, 6 weeks, and 3
months). In the regression model, individual participants will
be specified as a random effect, accounting for the
within-subject covariance structure. The effect of group and
time will be specified as fixed effects using a joint variable of
intervention and time. The analysis will investigate the effect
of the intervention as constant over time, as well as an
interaction between time and group alocation. Here, baseline
levels are pooled over the two study groups assuming that any
baseline differences are due to chance [53]. All effects will be
estimated both crude and adjusted for the two variables used
for dratification in the randomization (ie, country and care
provider) [54]. Any missing values are inherently accounted
for in the mixed-model approach [55].

To increase transparency, a statistical analysis plan will be
agreed upon and made publicly available before ending the
collection of the primary outcome. To reduce therisk of biased
interpretation of results, the following procedure will be
undertaken: twointerpretationswill be drafted based on areview
of the primary outcome data with groups arbitrarily labeled A
and B [56]. Oneinterpretation assumesthat A istheintervention
group and B the control group, the other interpretation assumes
the reverse. After agreeing on both interpretations, the
randomization code is broken and the correct interpretation
chosen.

Process Evaluation

A process evaluation exploring how participants use the
intervention in daily lifewill be conducted as an integrated part
of the RCT. For this we will use a mixed-methods process
evaluation: gathering quantitative measures by questionnaires
for participantsincluding the Virtual Care Climate Questionnaire
[57] and 3 rating questions (overall rating of the app, ease of

https://www.researchprotocols.org/2019/12/€14720

Sandal et &

use, recommendable to others), measures of data analytics on
app use, and semistructured qualitative interviews.
Normalization process theory [58], an implementation theory
used extensively to identify barriers and facilitators to uptake
and use of new technologies [59], will provide the conceptual
underpinning to the process evaluation. The process evaluation
will be guided by the RE-AIM framework and investigate all
5 elements of the framework: reach, effectiveness, adoption,
implementation, and maintenance[60]. Thefull detailsondesign
and methods for the process evaluation will be published

separately.
Ethics and Dissemination

The trial was approved by the national ethical committees in
Denmark (S-20182000-24) and Norway (2017/923-6).
Correspondingly, national review boards or data protection
agencies have approved the trial. In Denmark, approval was
granted from the Danish Data Protection Agency through
application to the University of Southern Denmark’slegal office
(201-57-0008) and in Norway from the National Data Protection
Authority or the Centre for Research Data through the ethics
approval. The trial is registered with ClinicaTrials.gov
[NCT03798288].

The tria results will be reported in accordance with the
CONSORT 2010 reporting guideline and the 2013
CONSORT-EHEALTH checklist amendment for reporting
Web-based and mobile-based RCTs[25,61].

No serious adverse events are expected for this trial. Should a
participant contact the research team concerning any worsening
of symptoms, the participant will be advised to seek care from
their HCP as they normally would. All inquiries regarding
potential adverse events will be recorded and discussed in an
internal audit and reported with the study results. In addition,
the selfBACK DSS is designed to react to increased pain or
deterioration in symptoms, and it will adjust the
self-management plans based on this information. In addition,
participants are informed in the written information and during
the screening call and inclusion process that this intervention
is an add-on to usua care and should not replace contact with
their HCP and that they should always follow the advice of the
consulting HCP. Also, the app contains a Caution section
describing worsening in symptoms that should be acted upon
and advising participantsto seek care from their consulting HCP
if they experience any such symptoms.

Results

Recruitment to thetrial started in early 2019 and is expected to
run until the end of 2019. Data collection is expected to be
complete by September 2020, and dissemination of trial results
is planned thereafter. The results on the primary outcome is
expected to be ready during fall 2020.

Discussion

Thisprotocol describesthe design and methods of the selfBACK
trial assessing the effectiveness of the selfBACK app in addition
to usual care in helping people with nonspecific LBP manage
their condition. Digital solutions have been described as
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promising platformsfor supporting peoplein managing chronic
conditions [17,18], and a vast number of mobile apps for
managing L BP are already available on the commercial market
[21]. In a recent systematic review, 9 studies were identified
describing digital mHealth and eHealth self-management
interventionsfor the LBP population [22]. Few studiesreported
their theoretical underpinnings for the included content, and
consequently, the evidence base for digital self-management
interventionsfor LBP remains weak [22,62]. Two recent RCTs
showed improvements in participants’ symptom status after 12
weeks of using apps providing adigital program of noninvasive
treatment options for LBP [63,64]. Only the study by Shebib
and colleagues [63] reported greater improvements for the
intervention group than the control group. However, the choice
of comparatorsin the two trials were markedly different. In the
study by Shebib and colleagues [63], the control group was
given astatic program consisting of 3 digital educationa articles
whereas participants in the intervention arm had unlimited
accessto apersonal coach. Inthe other RCT, no personal contact
was present in the intervention arm, but the comparator was
individual lessons with a physiotherapist.

The content of the selfBACK intervention was devel oped using
an intervention mapping process and is therefore theoretically
underpinned and evidence-based [23]. Also, the DSS is a
data-driven system that uses CBR methodol ogy to structure and
reuse real participant information to give advice and guide the
self-management process in hew participant cases. Thus, over
timethe DSSlearns from experience which resultsin improved
self-management plans for future participant cases. In addition
to thelearning from participant cases, aset of carefully described
rules was developed to tailor the self-management plans to
different scenarios (eg, flare-up of LBP). We aso used
participant cases derived from existing patient cohortsto develop
a set of seed cases for the case base. Additionally, the app was
tested in a pilot study before the start of the RCT, and these
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participants cases were included in the case base. This ensures
clinically meaningful cases in the case base at the start of the
RCT.

It isimportant to recognize that the content of usual care will
differ for participants both within and across study centers
(countries) of this trial. This is a common problem in trials
where usua care is the comparator. However, it is also a
reflection of how LBP is managed in a real-life setting. Thus,
the results of the trial will have a high degree of externa
validity. In addition, the process evaluation for the trial will
address perceptions of usual care through interviews with
participants from the usual care group as well as with
participants using the selfBACK app.

Similarly, the content of the suggested self-management plans
will vary for participants using the selfBACK app. The app
presentstail ored sel f-management planswith three components:
exercise, physical activity, and educational material. However,
itisvery likely that some componentswill appeal moreto some
participants than others. Therefore, should the RCT show the
selfBACK app in addition to usual care to be more effective
than usual care only, thetrial design does not allow analyses of
which components of the intervention may be causal of such
an effect, although the process evaluation may provide some
useful insights regarding such issues.

The outcomesfrom thistrial will provide valuable new insights
into the potential of mHealth solutions to support effective
self-management in relation to LBP, while the parallel process
evaluation will aid understanding of barriers and facilitators to
uptake, use, and wider implementation of the intervention. The
effectiveness of the app will be evaluated on the primary
outcome; however, arange of secondary outcomes isincluded
to elucidate the variation in and complexity of symptoms in
people with LBP.
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Abstract

Background: Perioperative hypothermia during laparoscopy for bowel resection is a risk factor for postoperative medical
complications and surgical wound infections. Despite various warming methods used during surgery, a significant number of
patients experience perioperative hypothermia. Use of dry, unwarmed insufflation carbon dioxide (CO,) during laparoscopic
procedures may contribute to this problem. Evidence exists that the HumiGard device, which humidifies and heats CO, for
insufflation, can reduce the risk of perioperative hypothermia.

Objective: Theaimisto determineif insufflation with warmed, humidified CO, using the HumiGard device, alongside standard
perioperative warming techniques, can improve patient recovery, including pain, surgical site infections, complications, and the
use of analgesia compared with standard care alone.

Methods: The study is a multicenter, randomized, blinded (patient, surgeon, and assessor), sham device-controlled, parallel
group-controlled trial of 232 patients. The study aims to recruit patients undergoing elective laparoscopic, segmental, or total
colectomy. Patients will be randomized to receive HumiGard plus standard care or standard care alone (1:1 ratio). The primary
outcome is patient-reported quality of recovery, measured by the validated QoR-40 (quality of recovery) questionnaire, from
baseline to postoperative day 1. Secondary outcomes include postoperative pain, the incidence of hypothermia, and the rate of
postoperative complications.

Results:  The information gathered during a small-scale service evaluation at a single hospital was used to inform this study
protocol. Before applying for a grant for this full randomized controlled trial, the authors will conduct a feasibility study of 40
patients to ensure that the protocol is feasible and to inform our sample size calculation.

Conclusions: Therandomized controlled trial isdesigned to provide high-quality evidence on the effectiveness of the HumiGard
devicein potentially reducing the risk of perioperative hypothermiain patients scheduled for laparoscopic colectomy. The results
will be used to improve the maintenance of adequate patient body temperature during surgery.

International Registered Report Identifier (IRRID): PRR1-10.2196/14533

(JMIR Res Protoc 2019;8(12):€14533) doi:10.2196/14533
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Introduction

I ntraoper ative Hypothermia

Patients undergoing colectomy or intra-abdominal surgical
procedures are at risk of devel oping perioperative hypothermia,
defined as a core temperature less than 36°C [1]. General
anesthesiais one of the contributing factorsto the devel opment
of hypothermiadueto thedisruption of normal thermoregulatory
responses. Evidence exists that perioperative hypothermia is
associated with an increased risk of medical complications,
morbid cardiac events, surgical would infections, and extended
length of stay in hospital [2].

Current Standard Practice in the United Kingdom

In the United Kingdom, the National Institute for Health and
Care Excellence (NICE) recommends the following: (1)
monitoring of patients intraoperative temperature every 30
minutes; (2) delaying the induction of anesthesia until the
patient’s body temperature is greater than 36°C; (3) warming
of intravenous fluids and blood products to 37°C; and (4) for
procedures lasting longer than 30 mins, using a forced-air
warming device lain on top of patients for warming [3].

Active warming methods do not guarantee that a patient will
maintain an adequate body temperature. A recent study by Sun
et al [4], which evaluated the core temperature of more than
58,000 actively warmed adults undergoing surgery longer than
60 minutes, showed that nearly half the patients developed
hypothermia (body temperature <36°C) during thefirst hour of
the procedure. Based on Lavies et a [5], the use of active
warming methods reduced the perioperative incidence of
hypothermia, but 53% of patients were still hypothermic in the
postoperative phase.

During laparoscopic procedures, standard practiceisto usedry,
unwarmed CO, to inflate the peritoneum (insufflation). This

may contribute to the risk of hypothermia and cause tissue
desiccation. Insufflation with unwarmed and dry gas can result
in an additional drop in temperature by 1.3°C to 1.7°C [6] and
potentially contribute to the risk of perioperative hypothermia.

Intervention and Study Aims

HumiGard (Fisher & Paykel Hedlthcare, New Zedand) is a
CE-marked medical device that humidifies and heats CO, for

insufflation. A meta-analysis of studiesthat evaluated thistype
of insufflation demonstrated a significant difference in mean

http://www.researchprotocols.org/2019/12/€14533/
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coretemperature change, asmall beneficial effect onimmediate
postoperative pain (not at day 1 or 2), with potential impact on
the incidence of hypothermia. No difference was observed in
patients' length of stay, analgesic consumption, and procedure
duration [7,8]. In February 2017, NICE published guidance on
HumiGard for preventing inadvertent perioperative hypothermia
[9]. NICE found that the device showed promise, but that more
research was needed before adecision could be made on routine
adoption within the UK National Health Service (NHS).

Thisprotocol isdesigned to addressthe evidence gapsidentified
by NICE. We aim to determine whether HumiGard used with
other standard ways of warming patients results in better
outcomes for patients compared with standard care alone. In
addition, an economic evaluation will be carried out comparing
the cost-effectiveness of HumiGard plus standard care with
standard care alone.

Methods

Study Design and Population

The study isamulticenter, double-blinded (patient and assessor),
sham device-controlled, parallel group randomized controlled
trial (RCT). It @ms to evaluate if the HumiGard insufflation
device, along with standard care, can improve patient-reported
quality of recovery (QoR) following laparoscopic colorectal
surgery. The study will recruit patients undergoing elective
laparoscopic colorectal resection for any pathology. The study
is designed to be carried out in the colorectal departments of a
minimum of four NHS hospitals across England and Wales.

On receiving the funding to carry out the RCT, the authors will
seek afavourabl e opinion from Health and Care Research Wales
and UK Research Ethics Committee. Thetrial will beregistered
on Clinical Trials.gov. The protocol was prepared according to
the CONSORT 2010 checklist for reporting parallel group
RCTs.

Eligibility Criteria
The inclusion and exclusion criteria for patients are presented
in Textbox 1.

All emergency procedures will be excluded from the study
because the presence of sepsis or infection, which affects core
temperature, is an additional complication during emergency
procedures.
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Textbox 1. Patient inclusion and exclusion criteria.
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Inclusion criteria
o Adults 18 years or older
«  Scheduled for elective laparoscopic, segmental, or total colectomy

« Ableto giveinformed consent

Exclusion criteria

«  Patients unable to complete study documentation

« Patientsthat lack the capacity to give informed consent
«  Patients with a planned open laparoscopic procedure

«  Laparoscopic surgery that is converted to open surgery

« All emergency procedures

Interventions

During randomization, patients will be allocated to either the
treatment arm or control arm of the study at a1:1 ratio. Patients
in the treatment arm will receive humidified and heated CO,
insufflation gas into the peritoneal cavity using the HumiGard
device. These patients will also receive standard intraoperative
warming methods, including warmed fluids and blood products,
forced-air warming devices, and warmed blankets at the
clinician’s discretion.

Patients in the control arm will be treated with a sham device
plus standard intraoperative warming methods, including
warmed fluids and blood products, forced-air warming devices,
and warmed blankets at the clinician’s discretion. The sham
device used in the standard care arm will bethe same HumiGard
device asisin the intervention arm; however, the sham device
will be turned “off” so that the gas delivered to the peritoneal
cavity for insufflation is not heated or humidified. The sham
device will deliver CO, (as is the case for current standard
practice in the hospital) through the HumiGard tubing. The
sham device will look and sound the same as the active
intervention arm.

Randomization and Blinding

A member of the research team will telephone the randomization
service when a new participant has given signed informed
consent to take part in the study to allow randomization to occur.
This will occur on day 0 of the study (usually the morning of
surgery). Randomization will happen after the patient has
consented but before entry into the operating theater. This
member of the research team will become unblinded to the
alocation of that patient and will not be involved in data
collection for that particular patient from the point of
randomization onward. Randomization to one of two groups
(HumiGard or sham device) will be carried out using a
minimization program [10]. Minimization takes into account
additional patient information, such as American Society of
Anesthesiologists (ASA) grade, gender, and benign or malignant
procedure type, to ensure even distribution of patients between
treatment groups based on prognostic factors. The unblinded
member of the research team will set up the HumiGard device
or sham device ready for use according to the allocated group.

http://www.researchprotocols.org/2019/12/€14533/

Neither the patient nor the operating team will be aware of the
treatment allocation.

Clinical Outcomes

The primary outcome measure isthe changein patient-reported
QoR-40 (quality of recovery) scores from baseline to
postoperative day 1 (POD 1).

The QoR-40 is awidely used and validated questionnaire that
provides a patient-reported measure of recovery following
surgery and anesthesia[11]. The questionnaireincludes40items
separated across five dimensions. patient support, comfort,
emotions, physical independence, and pain. The QoR-40 is a
reliable and valid tool for assessment of the quality of recovery
in patients. It has very high acceptability among patientsand is
highly sensitive to any clinical changes[12].

The secondary outcomes for this study are:

1. Change in QoR-40 scores from baseline to POD 3.

2. Change in patient-recorded pain scores from baseline to
POD 1 and POD 3 using avisua analog scale (VAS). The
score will range from 0 to 100.

3. The incidence of hypothermia during the surgery (body
temperature drop to 36°C during the procedure as recorded
in the patient’s notes).

4. Duration and depth (overall minimum temperature) of
hypothermia.

5. The rate of postoperative complications recorded at POD
1, POD 3, at discharge, and at POD 30. The severity will
be assessed with the Clavien-Dindo scale, which iswidely
used for grading the severity of surgica complicationsin
patients[13]. The Comprehensive Complication | ndex will
be used later to create a composite score (0-100) for each
patient [14].

6. Theincidence of site surgical infectionswithin the first 30
days postsurgery.

7. Length of stay in hospital from procedure to discharge (or
until medically fit to discharge).

8. Resource use outcomes, including anagesia (type and dose),
use of strategies to maintain perioperative normothermia
(eg, warming blanket, fluid warmer), time to discharge,
length of procedure, length of recovery time, and
readmission to hospital.
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9. Cogt-effectiveness analysis of the HumiGard device
compared with standard care.

Sample Size Estimation

Assuming a normal distribution of the data, we calculated that
232 patients (116 in each arm) will be required for this study.
This number is based on detecting the minimum clinically
important difference for the QoR-40 questionnaire of 6.3 with
a standard deviation of 14.0 (Myles et a [15]). The standard
deviation is high compared with more recent studies, such as
Moro et al [16]. The study is powered at the 90% level with a
5% significance level. We allowed for 10% of patients lost to
follow-up (for QoR a 24 hours) despite the fact that

Ryczek et a

questionnaires will be issued while a patient will be still in
hospital. The final recruitment target of 258 will be split into
two cohorts of patients (two arms) of 129 patients each.

The Study Process and Data Collection
The flowchart of the study processis presented in Figure 1.

At baseline, patient history, including age, gender, body mass
index, smoking status, comorbidities, primary diagnosis, and
ASA grade, will be collected. The patient questionnaires and
VAS scale will be administered at baseline, POD 1, and POD
3 to patients with no knowledge of their treatment allocation.
On arrival at the anesthetic room and during the procedure, the
temperature will be measured using aurinary temperature probe.

Figure 1. The study process with recruitment, data collection, follow-up, and final analysis.

Initial appointment

Hospital admission

Follow-up

A

Identify & screen potentially eligible patients during (at preassessment
clinic). Patient provided with information sheet.

v

Opportunity to ask questions. Informed consent taken.

\

Baseline assessment (QoR-40 questionnaire, pain score, temperature,
demographics)

\2

Patient is randomized to receive either intervention or control

/\

Intervention group (n=20) receive Control group (n=20) receive
HumiGard plus standard care standard care

=

Surgical procedure (record adverse events, temperature, warming
methods)

\2

Patient to recovery (temperature recorded)

2

Patient to ward

\Z

1-day post-op (QoR-40, pain score, complications)

v

3-days post-op (QoR-40, pain score, complications)

\’

Patient discharged home as per standard care (complications recorded)

!

30-day post-op phone call to patient by nurse (patient-reported
complications and consequences, readmission to hospital)

!

Data analysis and reporting

Recruitment

Follow-up

Analysis

Data collection
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Patients' complications (including surgical site infections) will
be reported at POD 1, POD 3, upon discharge and at POD 30.
All resource use will be routinely recorded at each time point.

Data Analysis

The statistical analysisplanwill befollowed for al clinical and
economic analyses. Intention-to-treat analysis, the primary
analysis method, will take into account minimization factors
and sites. Whenever possible, standard errors, confidence
intervals, and P values will be reported for outcomes.

Assuming a normal distribution of the data, the change in
QoR-40 between groups will be analyzed with ANCOVA
(analysis of covariance) while controlling for the baseline. The
logistic regression for incidence rates will be used to compare
the incidence of hypothermia between groups. ANCOVA will
be used to compare the duration and depth of hypothermiaand
the Comprehensive Complication Index scores between groups.
The incidence of surgical site infections, length of stay and
procedure, and readmission rates will be summarized with
descriptive statistics.

Economic Evaluation

If the intervention is deemed clinically effective, we aim to
perform acost-consequence analysis. The analysiswill consider
the costs and resource consequences resulting from, or
associated with, the use of the HumiGard device plus standard
care compared with standard care alone. The model will be
produced in MS Excel.

To fully evaluate the impact of the HumiGard device on the
current health care system within the United Kingdom, we aim
to design the model from an NHS perspective and have a1-year
time horizon. We aim to perform awithin-trial analysis with a
decision tree that incorporates the rates of complications such
as surgical site infections. We will apply the standard discount
rate of 3.5%, and the costs of complications and admission rates
will be based on NHS reference costs. Differencesin staff and
bed costs, associated with factors such as length of stay will be
included. The cost of analgesia and resource use needed during
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surgery to maintain normothermiawill be incorporated into the
cost model.

We will carry out a scenario analysis to validate the model,
compare it with other published evidence, and test the impact
of changes within the model structure on the base case results.
The impact of other published and clinical data will be tested.
Deterministic and probabilistic sensitivity analysiswill also be
performed.

Results

Service Evaluation

The preparation of the study protocol was preceded by a
small-scale service evaluation carried out in the University
Hospital of Wales in Cardiff, United Kingdom. The team
investigated the ability and willingness of patients to complete
QoR questionnaires before and after laparoscopic colorectal
surgery, potential recruitment rates, and informed the design of
the data capture tools and database. The study was deemed as
nonresearch and approved by Cardiff & Vale University Health
Board.

During one month of data collection, seven eligible patients
were asked to fill in presurgery (on the day of surgery) and
postsurgery (POD 1) questionnaires. The baseine
characteristics, intraoperative data, and questionnaire-related
completion rates are presented in Table 1. All seven patients
filled in the QoR-40 questionnaires at both time points. All
patientsfully completed the preoperative QoR-40 questionnaire
and six of seven patients fully completed all the domains from
the postoperative questionnaire (one answer wasmissing in one
of the domains). Six of seven patients completed the
preoperative VAS pain question; all patients completed the
postoperative VAS pain question.

Statistical analysis of the data collected was not performed due
to the low number of patients.

The data obtained from the service evaluation provided “ proof
of principle” evidence that patientsin this setting are amenable
to completing the QoR-40.
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Table 1. Baseline characteristics and intra- and postoperative patient information (N=7).

Characteristic Participants
Basdline data
Age (years), mean (range) 50 (19-70)
Sex, n (%)
Female 5(71)
Male 2(29)
ASAZgrade, n (%)
1 114
2 4 (57)
3 2(29)
Typeof surgery, n (%)
L aparoscopic elective colectomy 7 (100)
Open surgery 0(0)
I ntraoper ative data
Temperatureat arrival to theater, n (%)
<36°C 2(29)
>36°C 3(43)
Unknown 2(29)
Temperature at the end of surgery, n (%)
<36°C 2(29)
>36°C 5(71)
No change during surgery 2(29)
Higher (range 0.3°C-1°C) than at arrival 3(43)
Complications (during hospital stay), n 0
Surgery time (hours), mean (range) 3.33(1.58-4.17)
Postsurgery admission
Postanesthesia care unit, n (%) 1(14)
Ward, n (%) 6 (86)
Hospital stay (days), mean (range) 8 (6-15)
Q0R-40b completion rates, n (%)
Fully completed preoperative QoR-40 questionnaires 7 (100)
Fully completed postoperative QoR-40 questionnaires 6 (86)
VASF pain score completion rates
Fully completed preoperative VAS pain score 6 (86)
Fully completed postoperative VAS pain score 7 (100)

8ASA: American Society of Anesthesiologists.
bQoR-40: quality of recovery questionnaire.
SVAS: visual analog scale.

Feasibility Study

Following the service evaluation and the preparation of this
manuscript, the team received an unrestricted grant for a small
feasibility study from Fisher & Paykel Healthcare, the
manufacturer of the HumiGard device. The study will use a
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similar protocol to that described in this publication; however,
only 40 patients will be randomized to study arms. The
feasibility study will be carried out in the University Hospital
of Wales in Cardiff, United Kingdom, and the results will
support the funding application for thefull-scale RCT described
previously.
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Discussion

Systematic reviews [7,8] identified significant weaknesses in
the current evidence base for whether using warmed and
humidified insufflation gas improves postoperative outcomes
for patients. This study is designed to provide information
relating to the use of the HumiGard device that is not presently
available in the published literature.

Most studies identified did not have the sufficient number of
patients required (>100 participants) to show any difference
between the comparators. To detect a change in the primary
outcome, our sample size will be appropriately powered, and
the number of patients will be at least double the size of the
cohorts in the published studies. Moreover, the study has a
robust, multicenter design with blinding of allocation (patient
and outcome assessor).

The control arm will adequately reflect current practice within
the United Kingdom and is comparabl e to the standard practice
in other countries. Patients undergoing colorectal surgery have
arelatively high risk of developing hypothermia and suffering
from postoperative complications due to the length and nature
of the procedure aswell as existing comorbidities. Theinclusion
of a control group will help to detect differences between the
two arms of the study, if they exist.

Moreimportantly, the study isfocused on patient-reported QoR,
which will provide an in-depth assessment of patients' physical
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recovery, level of emotional stress, and discomfort. It is likely
that the QoR-40 will be more sensitive to postsurgery changes
in patients' outcomesthan ageneric quality-of-lifetool because
it isfocused directly on the time following surgery. Moreover,
the “comfort”’ section includes questions regarding shivering
and “feeling too cold,” which are relevant to hypothermia. Based
on the short service evaluation conducted in University Hospital
of Wales in Cardiff, patients are willing to fill in the QoR-40
guestionnaires. Thus, QoR-40 is an appropriate tool to use
during the proposed RCT.

The clinical trial will provide high-quality evidence necessary
to support recommendations about whether HumiGard should
be routinely adopted in the hospital setting for patients
undergoing surgery. If HumiGard is shown to be effective,
patients will benefit from fewer complications and quicker
recovery on adoption of thistechnology. However, if the device
is no better than standard care, the health service can avoid
unnecessary investments.

One of the major limitations of this or any other medical device
study isthe short life span of the equipment involved. Medical
devices may be expected to provide along servicelife; however,
it is the manufacturer’s decision when a device is modified or
replaced by another model. Unfortunately, the datafrom clinical
trials and other studies are not always transferable, and new
evidence must be collected to assess the clinical and
cost-effectiveness of devicesin which significant modifications
have been made.
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Abstract

Background: Insomnia symptoms are a common form of sleep difficulty among people with type 2 diabetes (T2D) affecting
deep quality and health outcomes. Several interventional approaches have been used to improve sleep outcomes in people with
T2D. Nonpharmacological approaches, such as cognitive behavioral therapy for insomnia (CBT-I), show promising results
regarding safety and sustainability of improvements, although CBT-I has not been examined in people with T2D. Promoting
sleep for people with insomnia and T2D could improve insomnia severity and diabetes outcomes.

Objective: The objective of this study is to establish a protocol for a pilot randomized controlled trial (RCT) to examine the
effect of 6 sessions of CBT-I on insomnia severity (primary outcome), sleep variability, and other health-related outcomes in
individuals with T2D and insomnia symptoms.

Methods: This RCT will use random mixed block size randomization with stratification to assign 28 participants with T2D and
insomniasymptomsto either aCBT-I group or a health education group. Outcomesincluding insomnia severity; sleep variability;
diabetes self-care behavior (DSCB); glycemic control (A,.); glucose level; deep quality; daytime sleepiness; and symptoms of
depression, anxiety, and pain will be gathered before and after the 6-week intervention. Chi-square and independent t tests will
be used to test for between-group differences at baseline. Independent t tests will be used to examine the effect of the CBT-I
intervention on change score meansfor insomniaseverity, sleep variability, DSCB, A, fatigue, sleep quality, daytime sleepiness,
and severity of depression, anxiety, and pain. For al analyses, alphalevel will be set at .05.

Results: This study recruitment began in February 2019 and was completed in September 2019.

Conclusions: The intervention, including 6 sessions of CBT-I, will provide insight about its effect in improving insomnia
symptoms, sleep variability, fatigue, and diabetes-rel ated health outcomesin people with T2D and those with insomnia symptoms
when compared with control.

Trial Registration: Clinical Trials.gov NCT03713996; https://clinicaltrials.gov/ct2/show/NCT03713996

International Registered Report Identifier (IRRID): DERR1-10.2196/14647

(JMIR Res Protoc 2019;8(12):€14647) doi:10.2196/14647
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Introduction

Background

Type 2 diabetes (T2D) is the predominant form of diabetes
mellitus that results in multiple complications, including sleep
difficulties [1]. It is a global health issue primarily affecting
older adults [2]. It results from relative insulin deficiency and
periphera insulin resistance [3]. Consequently, T2D causes
abnormal amounts of glucosein the bloodstream [4]. Asaresult,
T2D has been linked to several complications including
hyperglycemia, which may aso affect multiple organs and
systems [5]. As a result, hyperglycemia may lead to sleep
disturbances because of associated symptoms, including
headache, increased thirst, and nocturia[6].

Sleep disturbances have been shown to increase activation of
the hypothalamic-pituitary-adrenal (HPA) axis[7], which may
further exacerbate the management of T2D [8]. During a night
of poor sleep, cortisol levelsincrease because of hyperactivation
of the stress system HPA, which then leads to an increased
glycation level inthe blood stream [9]. Asindividualswith T2D
are particularly susceptible to hyperglycemia, an increased
glycation level may be particularly problematic [10]. To
illustrate that, increasing the glucose level during a night of
sleep in people with T2D may increase the bathroom visitsand
the number of awakenings [11]. Increasing the number of
awakenings during anight of sleepisapart of poor deep quality
[12], which may further contribute in activation of the stress
system [13]. This might suggest a bidirectional relationship
between deep disturbances and hyperglycemia [14].
Compounding this issue even further, previous research has
shown that rates of several sleep disordersincluding obstructive
sleep apnea, insomnia, and restless leg syndrome (RLS) are
increased in peoplewith T2D [15-17]. After controlling for age
and gender, the preval ence of insomniadiagnosisis significantly
higher in people with T2D, compared with those without it
[15,17,18].

Insomniais one of the most common sleep disordersin people
with T2D, asmorethan half of their popul ation report insomnia
symptoms [17,18]. In astudy of people with T2D, 8% to 17%
reported difficulty falling aseep, 23% to 40% reported difficulty
staying asleep, and 26% to 43% reported difficulty in both
initiating and maintaining sleep [17]. In another study of 7239
individuals with T2D, 76.8% of that sample reported
experiencing insomnia symptoms regularly. For those 7239
individuals, the 3 most prevalent insomnia symptoms were
nocturia (43.8%), difficulty falling asleep (30.5%), and waking
after sleep onset (WA SO; 27.0%) [15,17].

For adults and older adults diagnosed with clinical insomnia,
there are severa negative effects of insomnia that are harmful
tolong term health, such asincreasesin daytime sleepiness, fall
risk, fatigue, and a decline in the quality of life [19,20].
Furthermore, studies have reported that insomniais associated
with hypertension, diabetes, and cardiovascular disease [20-22].

https://www.researchprotocols.org/2019/12/e14647

Consequently, insomniaincreasestherisk of all-cause mortality
3-fold over a 15-year follow-up period [23].

Although individuals with T2D or insomnia are at increased
risk of negative health outcomes, there are also unique risks to
those who have both T2D and insomnia. People with T2D who
experience poor sleep quality or excessive daytime sleepiness
show decreased adherenceto diabetes salf-care behavior (DSCB)
[24]. DCSB is essential in maintaining or attaining glycemic
control (A4.) in people with T2D [25]. Sleep quality and low
sleep variability are aso important for well-being and a healthy
life [26,27]. Indeed, poor health and quality of life are thought
to be associated with poor sleep quality in people with T2D
[28-30]. In addition to deficits in sleep quality, high sleep
variability is common in people with insomnia [31] and, may
be, even more prominent in peoplewith T2D [32]. Furthermore,
it has been found that variability of bedtime and wake time is
associated with a high level of the inflammatory biomarker
called tumor necrosis factor (TNF)-alpha in people with and
without insomnia [33]. TNF-alphais associated with vascular
diseases, such as atherosclerosis [34].

T2D and insomnia have a bidirectional relationship, which
might be because of shared risk factors [8]. Risk factors that
are commonly reported by people with both T2D and insomnia
include depression, anxiety, pain, and obesity [8,19,35,36].
These health issues may exacerbate the severity of insomnia
symptoms, and they may add complexity to A,. [37,38].
Although several studies have examined the complex
relationship between T2D and insomnia while controlling for
risk factors, the underlying mechanisms of thisrelationship are
still under investigation. Although this investigation is till in
itsinfancy, examining the effect of treating insomniasymptoms
may reveal important information for peoplewith T2D in future
studies.

Pharmacological approaches for treating insomnia have
potentially serious side effects on health. Several studies have
shown an association between sleeping pill prescriptions and
mortality in different populations [39-44]. Different sleep
medications were associated with increased risk of fall [45],
motor vehicle accidents [46], and suicidality [47]. Individuals
with insomniawho use benzodi azepines or nonbenzodiazepines
areat high risk of developing T2D because of potential changes
in insulin secretion and sensitivity [48,49]. It is awidely held
view that sleep apnea is a prevalent deep disorder in people
with T2D [50]. A possible explanation of increasing the severity
of sleep apneaisthat hypnotics are respiratory suppressantsthat
might contribute in vital health issues for this population [51].
The insulin sensitivity improved in people with severe sleep
apnea after receiving sleep hygiene, dietary counseling, and
continuous passive airway pressure (CPAP) support, which
suggests that the metabolic function in people with T2D might
be improved by a sleep promation program [52]. Thus, it is
important to identify safe and effective nonpharmacological
treatments for people with T2D and insomnia symptoms.
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The American Academy of Sleep Medicine recommends
cognitive behavioral therapy for insomnia (CBT-1) as the first
line of treatment for peoplewithinsomnia[53]. A meta-analysis
has shown CBT-l to produce clinically meaningful
improvements in sleep outcomes including sleep latency (SL),
sleep efficiency (SE), number of awakenings, and total sleep
time (TST) [54]. In addition, CBT-1 isdesigned to change sleep
habits as well as address misconceptions about sleep and
insomnia[55]. CBT-I is superior to sleep medications in terms
of cost and long-term benefits[55]. Although thereis currently
limited evidence about the effect of CBT-1 on peoplewith T2D,
CBT-l is a potentially effective intervention given insomnia's
rel ationship with glucose metabolism. We anticipate that CBT-I
components  will disrupt the associated physiological
mechanisms between insomniaand T2D. Sleep restriction and
stimulus control therapies are helpful in strengthening sleep
homeostasis [56], which is also associated with the glucose
regulation [57]. In adults with sleep restriction, increasing the
TST with a simple low-cost intervention was associated with
improvements in fasting insulin sensitivity [58]. Relaxation
techniques are designed to minimize stress [59], which has a
negativeimpact onthe HPA axisin peoplewith T2D [60]. These
techniques areimportant additionsin the treatment plan because
of the high prevalence of psychological disorders such as
depression and anxiety in people with T2D and insomnia[61].
The evidence has shown that sleep hygiene is not effective as
monotherapy [62]. However, several itemsin the sleep hygiene
could trigger DSCB, such physical activity, water consumption,
and food schedule[30]. For exampl e, avoiding excessive drinks
at anight might help people with T2D minimize the bathroom
visits after sleep onset [63]. The presence of nocturia is
commonly reported in people with T2D, which could be one of
the leading symptoms of insomnia[64]. CBT-I could compress
the fragmentation of sleep, which may eventualy help in
reducing nocturia[64].

Objectives and Hypotheses

The primary objective of thisstudy isto establish aprotocol for
apilot study to (1) investigate the effect of 6 sessions of CBT-I

Textbox 1. Inclusion criteria.

Alshehri et &

on insomnia severity in people with T2D and insomnia
symptoms and (2) explore the effect of 6 sessions of CBT-I on
sleep variability; fatigue; A,;; DSCB; sleep quality; daytime
sleepiness; and the severity of depression, anxiety, and painin
people with T2D and insomnia symptoms. We hypothesized
that people in the CBT-I group will have greater improvement
ininsomniaseverity, seep variability, fatigue, A,., DSCB, sleep
quality, daytime sleepiness, and severity of depression, anxiety,
and pain compared with people receiving only health education
(HE). We anticipate the improvement in insomnia severity will
positively impact peoplewith T2D and health outcomes because
of the relationship between insomnia symptoms and
diabetes-related health outcomes.

Methods

Trial Design

The study design will be a pilot randomized controlled trial
(RCT). This study will have an alocation ratio of 1.1, and this
pilot RCT will be using a superiority framework to test the
effectiveness of the experimental CBT-l intervention. This
protocol is in accord with the Standard Protocol Items:
Recommendationsfor Interventional Trials 2013 statement [65],
and the intervention will be described according to the
Consolidated Standards of Reporting Trials 2010 guideline[66].

Participants, I nterventions, and Outcomes

Study Setting

This study will be conducted at the University of Kansas
Medical Center (KUMC) in the United States. The study sites
are also listed on Clinical Trials.gov [67].

Eligibility Criteria

The inclusion and exclusion criteria are shown in Textboxes 1
and 2.

o Aged between 40 and 75 years.
« Haveatype 2 diabetes diagnosis.

« Have ascore of >10 on Insomnia Severity Index that indicates clinical insomnia—in addition, we will ask for reported symptoms of difficulty
falling asleep, maintaining sleep, or waking up too early at least three nights/week for the past 3 months.

« Areableto understand and follow verbal commands in English—the intervention and questionnaires are available in English only; therefore,

the participants must understand English language.

