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Abstract

Background: Although text messaging has the potential to be the core intervention modality, it is often used as an adjunct only.
To improve health and alleviate the distress related to insomnia, pain, and dysregulated eating of people living in urban areas,
text messaging–based mindfulness-based interventions were designed and evaluated in 3 randomized controlled trials.

Objective: This study investigated the effectiveness and mediating mechanisms of text messaging–based mindfulness-based
interventions for people with distress related to insomnia, pain, or dysregulated eating.

Methods: In these trials, 333, 235, and 351 participants were recruited online and randomized to intervention and wait-list
control conditions for insomnia, pain, and dysregulated eating, respectively. Participants experienced 21 days of intervention
through WhatsApp Messenger. Participants completed pre-, post-, 1-month follow-up, and 3-month follow-up self-report
questionnaires online. The retention rates at postmeasurements were 83.2% (139/167), 77.1% (91/118), and 72.9% (129/177) for
intervention groups of insomnia, pain, and dysregulated eating, respectively. Participants’ queries were answered by a study
technician. Primary outcomes included insomnia severity, presleep arousal, pain intensity, pain acceptance, and eating behaviors.
Secondary outcomes included mindfulness, depression, anxiety, mental well-being, and functional impairments. Mindfulness,
dysfunctional beliefs and attitudes about sleep, pain catastrophizing, and reactivity to food cues were hypothesized to mediate
the relationship between the intervention and outcomes.

Results: For all 3 studies, the intervention groups showed significant improvement on most outcomes at 1-month follow-up
compared to their respective wait-list control groups; some primary outcomes (eg, insomnia, pain, dysregulated eating indicators)
and secondary outcomes (eg, depression, anxiety symptoms) were sustained at 3-month follow-up. Medium-to-large effect sizes
were found at postassessments in most outcomes in all studies. In the intervention for insomnia, mediation analyses showed that
dysfunctional beliefs and attitudes about sleep mediated the effect of the intervention on all primary outcomes and most secondary
outcomes at both 1-month and 3-month follow-ups, whereas mindfulness mediated the intervention effect on presleep arousal at
1-month and 3-month follow-ups. In the intervention for pain, pain catastrophizing mediated the effect of intervention on pain
intensity and functioning at both 1-month and 3-month follow-ups, whereas mindfulness only mediated the effect of intervention
on anxiety and depressive symptoms. In the intervention for dysregulated eating, power of food mediated the effect of intervention
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on both uncontrolled and emotional eating at both 1-month and 3-month follow-ups and mindfulness was found to mediate the
effect on depressive symptoms at both 1-month and 3-month follow-ups.

Conclusions: These 3 studies converged and provided empirical evidence that mindfulness-based interventions delivered through
text messaging are effective in improving distress related to sleep, pain, and dysregulated eating. Text messaging has the potential
to be a core intervention modality to improve various common health outcomes for people living a fast-paced lifestyle.

Trial Registration: Clinical Research and Biostatistics Clinical Trials Registry CUHK_CCRB00559; https://tinyurl.com/24rkwarz

(J Med Internet Res 2022;24(5):e30073) doi: 10.2196/30073
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Introduction

Prevalence of Insomnia, Pain, and Dysregulated Eating
People living in urban areas have prevailing complaints of stress
and related health concerns. For instance, the general population
of Hong Kong has a stressful life, with an estimation of 13.3%
having common mental disorders [1]. Stress was found to be
correlated with multiple health issues, including insomnia,
chronic pain, and unhealthy eating behaviors [2-4]. In the United
Kingdom, the economic burden of low back pain, insomnia,
and eating-related conditions was estimated to be £2.79 billion,
£46.3 billion, and £8.5 billion, respectively (US $1=£0.77),
projected into 2018 costs [5-7]. In Hong Kong, insomnia and
chronic pain affect 35.2% and 39.4% of the general population,
respectively, and close to half (46.9%) of the general population
was found to have unhealthy eating habits [8-10].

Mindfulness-Based Interventions for Insomnia, Pain,
and Dysregulated Eating
To tackle these health concerns, mindfulness-based interventions
(MBIs) have been applied to alleviate stress and enhance
well-being. Mindfulness is defined as “paying attention in a
particular way on purpose in the present moment and
nonjudgmentally” [11]. In particular, MBIs were found to be
effective in improving insomnia [12,13], pain [14-16], binge
eating, and emotional eating [17,18]. MBIs have not only been
applied to clinical populations, but they have also been
demonstrated to be beneficial to the well-being of nonclinical
populations. Meta-analyses showed that MBIs have moderate
effect size in reducing stress, psychological distress, depression,
and anxiety among healthy individuals [19,20]. Internet-based
MBIs are gaining more evidence as well. According to another
review and meta-analysis, web-based MBIs are effective in
reducing depressive symptoms, anxiety symptoms, stress, and
improving well-being and mindfulness with small-to-medium
effect size [21]. The above evidence provides the foundation to
further develop internet-based MBIs for both clinical and healthy
individuals.

Mechanism of MBI
Regarding the mechanisms of MBIs in the promotion of
well-being and the reduction of distress, the cultivation of
mindfulness is found to mediate the relationship between MBIs
and various outcome variables. For instance, Nyklíček and
Kuijpers [22] found that changes in mindfulness partially

mediated the relationship between mindfulness-based stress
reduction intervention and its positive effects among people
with distress symptoms. In addition to changes in mindfulness,
according to Shapiro et al [23], the cultivation of mindfulness
may also facilitate “reperceiving,” which is a shift of perspective
that leads to an increased capacity for relating to one’s internal
or external experiences objectively. For insomnia, mindfulness
allows people to respond to stressors more skillfully by changing
the patterns of worry and rumination that improve sleep quality
[24]. For pain, preliminary evidence suggested that mindfulness
and pain catastrophizing mediated the relationship between
interventions and reduced perceived stress and improved quality
of life [22,25]. For dysfunctional eating, MBI regulates
appetitive and emotional processes by increasing both awareness
and sensitivity to the eating process such that people can
disengage themselves from the reactive eating habits [26]. To
further test these mechanisms in this study, we hypothesized
that text messaging–based MBIs would promote better
well-being and fewer symptoms of insomnia, pain, and
unhealthy eating through changes in both mindfulness and
reperceiving.

Text Messaging As the Core of Treatment Modality
Although internet-based MBIs were effective in reducing
distress and promoting well-being [21], users’ retention and
engagement remain challenging for digital health interventions
[27,28]. A median of 56% retention was found, and the attrition
rate can be as high as 75% for internet-based interventions
[29,30]. Text messaging, considered as one of the future trends
of internet-based interventions, may alleviate this problem,
given the temporal synchronization feature of instant messaging
that allows the intervention to catch people’s attention directly
[31,32]. A systematic review showed that text messaging
improves treatment adherence and reduces social isolation [33].
Up till now, to the best of our knowledge, text messaging is
mostly used as a reminder, self-monitoring tool, or as an adjunct
to face-to-face intervention instead of being utilized as the core
treatment modality, except in a few physical health intervention
studies [29,34-38]. Thus, the potential for text messaging to
offer mental health intervention that improves users’engagement
and retention is yet to be investigated.

Aim of This Study
The aim of this study was to test whether a text messaging–based
MBI is effective in reducing distress related to insomnia, pain,
and dysfunctional eating in 3 randomized controlled trials.
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WhatsApp [39] was chosen as the messaging tool because it is
the most popular in the world with 2000 million monthly active
users and is the most accessible option for the community [40].
Specifically, we aimed to investigate whether text
messaging–based MBI can result in improvement in primary
outcomes (ie, insomnia severity, pain severity, dysregulated
eating) and secondary outcomes (ie, depressive and anxiety
symptoms, mental well-being, and functional impairment). We
also aimed to examine mindfulness, dysfunctional beliefs (for
insomnia), pain catastrophizing (for chronic pain), and power
of food (for dysregulated eating) as possible mechanisms of
change that mediate the relationship between text
messaging–based MBI with both primary and secondary
outcomes.

Methods

Procedure
WhatsApp numbers for each trial were disseminated in the
recruitment materials, and interested participants enrolled in
the relevant trial via the instant messenger app, that is,
WhatsApp. The nature and procedure of the studies were then
explained to the participants through a WhatsApp message.
Participants then completed the self-assessment web-based
questionnaire together with a written consent page. Screening
for eligibility of the participants was done upon completion of
the preintervention questionnaire. Eligible participants were
grouped into monthly batches, and the second author handled
the enrollment, randomization, and intervention assignment of
the participants. The randomization was conducted with
Microsoft Office Excel 2010 [41] on an individual basis and
1:1 ratio between the intervention or wait-list control conditions
with stratification on age (cutoff at 45 years old) and prior
experience of mindfulness practice (no experience at all vs not
novice). Participants were informed about their allocation of
condition via WhatsApp by the same person who did the
randomization. No blinding was feasible given the use of
wait-list control in the design. A feasibility study on text
messaging–based MBI had been done prior to this study. The
intervention had a similar structure with this study. It was an
uncontrolled study aiming at examining the impact of a general
MBI, and the results revealed an improvement in the well-being
and mindfulness of the participants. Therefore, the research
team proceeded to these randomized controlled trial studies.
Preintervention, postintervention, 1-month, and 3-month
follow-up questionnaires were distributed via WhatsApp using
Qualtrics [42]. Pretesting of the questionnaire before launch
was done by the second author. The questionnaires were divided
into 4 pages, namely, the consent form, demographic and
screening items, primary outcomes, and secondary outcomes.

The questionnaire pages were limited to around 50 items per
page. Cookies were enabled, and participants could resume their
questionnaire on the same device. Participants were required to
input their research ID in the questionnaire, and duplicated data
with the same research ID were eliminated. The postintervention
questionnaires were sent to participants in both wait-list control
and intervention conditions on the 22nd day. To adopt an
intent-to-treat approach, all participants were invited to complete
the self-report questionnaires at every time point regardless of
whether they had completed the questionnaires at previous time
points. Wait-list control participants received the intervention
after completion of the 3-month follow-up questionnaire. Data
were exported and stored as a password-protected Excel file in
an encrypted flash drive.

Ethics Approval
These studies were conducted in accordance with the ethical
codes of the Declaration of Helsinki. Ethics approval was
obtained from the Joint Chinese University of Hong Kong-New
Territories East Cluster Clinical Research Ethics Committee
(2017.203-T). Findings in this paper are reported in accordance
with the recommendations of the Consolidated Standards of
Reporting Trials (CONSORT).

Participants
Participants were recruited from the general public via social
networking platforms, a health-related information website, a
local magazine, mass emails, and announcement postings at
local tertiary institutions, collaborating nongovernmental
organizations, and mutual-aid groups. Participants were
quasi-anonymous. Multiple registrations to different trials were
eliminated. Participants were only allowed to join one of the
trials. The recruitment and follow-up lasted from July 2017 to
October 2018; HKD 100 (US $12.87) was offered to 10
participants from each trial as an incentive via random draw.
Eligibility criteria for participation included (1) age of 18 years
or older, (2) ability to understand Cantonese and give consent,
and (3) adequate level of computer literacy to follow the
web-based instructions independently, together with daily access
to the internet. Participants who self-reported receiving
psychiatric services or active suicidality were excluded from
this study; hotline and related resources were provided to those
participants. No harm or other unintended effects were noticed
in both conditions across all 3 trials. In the 3 trials, 364, 264,
and 371 eligible participants were recruited for insomnia, pain,
and dysregulated eating trials, respectively. Some of the
participants withdrew from the studies or became out of reach
after the assignment of condition. See Figure 1, Figure 2, and
Figure 3 for the CONSORT diagrams of the 3 randomized
controlled trials.
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Figure 1. CONSORT diagram: enrollment and flowchart of study 1.

Figure 2. CONSORT diagram: enrollment and flowchart of study 2.
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Figure 3. CONSORT diagram: enrollment and flowchart of study 3.

Intervention
All MBIs were delivered in 3-week packages, with 21 days of
daily mindfulness exercises that consist of an audio clip and a
psychoeducational article delivered via WhatsApp. Participants
were grouped into monthly batches, and they received the same
messages on a fixed schedule. The intervention was
technician-assisted when participants had any specific questions.
One technician was involved, and the interaction was confined
to confirmation of enrollment, explanation of the study
procedures, general enquiry, and reminder for data collection
as well as monitoring adherence. Standardized materials were
delivered with broadcast function without other personalized
messages. To enhance adherence, brief mindfulness exercises
were used, which took around 10-15 minutes to complete.
Participants were invited to indicate their adherence by replying
on WhatsApp after finishing each exercise. Reminder messages
were sent to those participants who had not completed any
exercise within a week. See Multimedia Appendix 1 and
Multimedia Appendix 2 for the outlines of the interventions.
The delivery format referenced a WhatsApp-based intervention
of Acceptance and Commitment Therapy with daily passage
and audio clip [43]. Participants received text and audio from
the research team through WhatsApp. Notifications were pushed.
Progress could be tracked by checking if the participants had
seen the message and listened to the audio in WhatsApp. See
Multimedia Appendix 3 for the screenshots.

For insomnia and pain, the intervention content was designed
by clinical psychologists referencing the mindfulness-based
stress reduction program [44]. Initially, the intervention
cultivates participants’ focused observation and awareness on
bodily sensations, emotions, as well as thoughts. Practices
included mindful breathing, mindful stretching, and body scan.
Examples that are specific to insomnia and pain were included
to increase relevance. Participants were encouraged to stay with

aversive experiences with an open attitude. Lastly, suggestions
were introduced to participants for integrating mindfulness
practices in their daily life. For dysregulated eating, the MBI
for eating incorporated 2 components running in parallel: (1)
general mindfulness exercises and (2) specific eating-related
components drawn from the Mindfulness-based Eating
Awareness Training [26]. General mindfulness exercises started
with observation and awareness of bodily sensations, emotions,
and thoughts. Exercises on responding to unpleasant experiences
were introduced. Meanwhile, eating-specific exercises were
introduced to facilitate awareness of the eating experience.
Specific exercises covered physical sensations of hunger and
fullness, satisfaction of taste, changes in overall physical status,
emotional triggers of eating, as well as choosing food with
mindful awareness.

Measurements
Three sets of questionnaires were designed for each trial.
Primary outcomes were used only in specific trials that included
the severity of the targeted health concern itself and the attitude
toward the health concern. Secondary outcomes were used
across 3 trials that covered functional impairment, emotional
disturbance, and mental well-being, while mindfulness and
specific reperceiving variables were measured as potential
mediators. Participants were also invited to provide demographic
information such as age, gender, religious belief, education
level, employment status, personal income, and prior experience
in meditation. Usage of medication to cope with sleep
disturbance or pain was also measured. Use of mental health
services was also recorded.

Primary Outcomes of Study 1 on Insomnia

Insomnia Severity
Severity of insomnia was measured with the Insomnia Severity
Index [45]. The Insomnia Severity Index consists of 7 items on
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a 5-point Likert scale. It is widely used as a screening tool and
outcome measure [46-48]. The scale covers difficulties in falling
asleep or maintaining sleep, early wakening, satisfaction with
sleep quality, daytime functioning, and quality of life. The items
constitute a single overall score, with higher scores indicating
greater severity of the sleep problem. A locally validated
translated Chinese version was used in this study [49]. The
Chinese version of the Insomnia Severity Index demonstrated
satisfactory internal consistency (Cronbach α=.83), 2-week
test-retest reliability (r=0.79), and concurrent validity [50]. In
this study, the scale achieved good internal consistency
(Cronbach α=.80).

Presleep Arousal
The Presleep Arousal Scale [51] is a 16-item 5-point Likert
scale that consists of 2 subscales measuring somatic and
cognitive arousal when getting to sleep. Higher scores indicate
higher arousal while getting to sleep. In this study, the scale
was translated into Chinese with Brislin’s [52] forward and
backward translation method. The 2 subscales of the Presleep
Arousal Scale demonstrated satisfactory internal consistency
in both the original validation study (Cronbach α=.76 and .81)
[51] and this study (Cronbach α=.80 and .90).

Dysfunctional Beliefs and Attitude About Sleep
(Reperceiving Mediator)
The Dysfunctional Beliefs and Attitude about Sleep Scale [53]
is a 16-item scale measuring maladaptive beliefs and emotions
about sleep difficulties. An 11-point Likert scale (0 “strongly
disagree” to 10 “strongly agree”) is used, and higher scores
indicate more dysfunctional thoughts and emotions. A validated
16-item abbreviated Taiwanese Chinese version of the
Dysfunctional Beliefs and Attitude about Sleep [54] scale
demonstrated satisfactory internal consistency in both the
Taiwan validation study (Cronbach α=.87) and this study
(Cronbach α=.82).

Primary Outcomes of Study 2 on Pain

Pain Intensity
Subjective pain intensity was measured with a single-item Visual
Analogue Scale (VAS). Participants were asked to indicate their
overall pain intensity in the last week on a sliding scale from 0
to 100, with the anchor of “no pain,” “moderate pain,” and
“extreme pain” on 0, 50, and 100, respectively. VAS is the most
widely used tool for pain, and studies showed that VAS is valid
and reliable tool that is sensitive in detection [55-57].

Pain Acceptance
The Chronic Pain Acceptance Questionnaire [58] was used to
measure the willingness to accept pain and to maintain daily
engagement despite the pain. This scale consists of 20 items on
a 7-point Likert scale with 2 subscales: (1) activity engagement
and (2) pain willingness. The overall score is based on the sum
of the 2 subscale scores, with higher scores of Chronic Pain
Acceptance Questionnaire indicating better acceptance of pain.
The Chinese version of Chronic Pain Acceptance Questionnaire
has been validated with good test-retest reliability (r=0.79),
internal consistency (Cronbach α=.79), and concurrent validity

[59]. In this study, the scale demonstrated good overall internal
consistency (Cronbach α=.83).

Pain Catastrophizing (Reperceiving Mediator)
The Pain Catastrophizing Scale [60] was used to measure
catastrophic beliefs and appraisals about pain. It consists of 13
items on a 5-point Likert scale, with higher scores indicating
worse catastrophizing tendency toward pain. In this study, a
locally validated Chinese version of the scale was used [61].
The scale demonstrated good internal consistency in both the
validation study (Cronbach α=.93) and this study (Cronbach
α=.94).

Primary Outcomes of Study 3 on Dysregulated Eating

Eating Behaviors
Participants’ eating behaviors were measured by the 18-item
Three-Factor Eating Questionnaire-Revised (TFEQ-R18) [62].
It consists of 18 four-point Likert scale items. The TFEQ-R18
consists of 3 subscales: (1) uncontrolled eating that refers to
difficulties in regulating eating behaviors, (2) cognitive restraint
that refers to conscious effort to inhibit food intake, and (3)
emotional eating that refers to eating behaviors motivated by
dysphoric mood, loneliness, or anxiety. In this study, the
TFEQ-R18 has been translated into Chinese with Brislin’s [52]
translation and back translation method. The scales demonstrated
adequate-to-good internal consistency (Cronbach α=.76-.85)
in the original validation study [62]. In this study, the scale of
uncontrolled eating and emotional eating demonstrated good
internal consistency (Cronbach α=.83-.88). However, the scale
of cognitive restraint demonstrated acceptable internal
consistency (Cronbach α=.68).

Reactivity to Food Cue (Reperceiving Mediator)
The Power of Food Scale [63] was used to measure food craving
across contexts with different levels of proximity to food. It
consists of 15 items on a 5-point Likert scale. Research results
supported a single-factor model [64], and higher scores indicate
stronger reactivity to food cue. The literature revealed
satisfactory internal consistency of the scale (Cronbach
α=.81-.91). In this study, the scale has been translated into
Chinese using Brislin’s [52] forward and backward translation
procedures. The translated scale demonstrated good internal
consistency in this study (Cronbach α=.92).

Secondary Outcomes in All Studies

Mindfulness (Mediator)
The Mindful Attention Awareness Scale [65] is a 15-item scale
that measures trait mindfulness characterized by a
present-oriented attention and awareness. All items are rated
on a 6-point Likert scale, and higher scores indicate higher
mindful awareness. The scale has been validated for use with
healthy normal adults [65]. Research evidence supported a
single-factor solution, and the scale demonstrated good internal
consistency, test-retest reliability, discriminant, convergent
validity, and criterion validity. It could also differentiate
meditators from nonmeditators [65,66]. In this study, a
Taiwanese Chinese version of the scale [67] was used that
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demonstrates good reliability in the Taiwan study (Cronbach
α=.87) and this study (Cronbach α=.91).

Depression
The Patient Health Questionnaire [68] is a 9-item screening
instrument for depressive symptoms. All items are rated on a
4-point Likert scale, and higher scores indicate more severe
depressive symptoms. An officially translated Hong Kong
traditional Chinese version was used in this study. Literature
reported good internal consistency (Cronbach α=.86-.89) and
criterion validity with 88% sensitivity and 88% specificity. In
this study, the scale demonstrated good internal consistency
(Cronbach α=.85).

Anxiety
The Generalized Anxiety Disorder scale [69] is a 7-item
screening questionnaire for general anxiety symptoms. All items
are rated on a 4-point Likert scale, with higher scores indicating
more severe anxiety symptoms. An officially translated Hong
Kong traditional Chinese version was used in this study. The
scale demonstrated good internal consistency in both the original
validation study (Cronbach α=.92) and this study (Cronbach
α=.926). Literature reported good test-retest reliability (r=0.83)
and criterion validity with 88% sensitivity and 89% specificity
[69].

Mental Well-being
The World Health Organization Well-being Index [70] is a
5-item scale measuring mental well-being. All items are rated
on a 6-point Likert scale and constitute a sum score. Higher
scores indicate better mental well-being. An officially translated
Chinese version was used in this study. Literature reported good
internal consistency, concurrent validity, and sensitivity to
change of the scale [71-73]. In this study, the scale demonstrated
satisfactory internal consistency (Cronbach α=.91).

Functional Impairment
The Work and Social Adjustment Scale [74] measures functional
impact due to health-related issues. The scale was used in the
insomnia and pain studies. This scale consists of 5 items on
different domains of functioning such as work, social, home,
and leisure. All items were rated on a 9-point Likert scale, and
higher scores indicate more severe impairment. Research
evidence supported a single-factor solution of the scale and
reported good internal consistency (Cronbach α=.93) [75]. A
Chinese version of the scale was used in this study, which
demonstrated good internal consistency (Cronbach α=.88).

Analysis
Significance tests such as the independent 2-sided t tests and
chi-square test of independence were employed to explore any
baseline difference between completers and dropout participants.
Intent-to-treat analyses were used in this study. Data of all the
participants were included in the analysis regardless of their
treatment adherence or attrition. Missing data were treated using
multiple imputations, and 100 imputed data sets were generated.
van Ginkel and Kroonenberg’s [76] method of repeated
measures analysis of variance (ANOVA) using imputed data
was used in this study. Specifically, missing values were
estimated and 100 plausible complete versions of the data sets
were created. Results from these 100 data sets were then pooled
into 1 analysis by applying Rubin’s [77] pooling procedures.
The pooling procedure was carried out using an SPSS macro
by van Ginkel [78]. Treatment condition (intervention condition
vs wait-list control) and time were entered as the fixed
between-group and within-subject factors, respectively. To
examine the mediating effects of mindfulness and reperceiving
(ie, dysfunctional beliefs and attitudes about sleep, pain
catastrophizing, power of food) on the relationship between
condition and the primary and secondary outcomes, path
analyses were conducted using Mplus 7 [79]. In the path
analyses, condition was dummy coded (with the wait-list control
condition coded as the reference group) and was treated as the
independent variable. Mindfulness and condition-specific
reperceiving mediator at postintervention assessment were
treated as the mediators. Primary and secondary outcomes at
1-month and 3-month follow-up assessments were treated as
the dependent variables. Baseline scores of all variables included
in the model were controlled.

Results

Participant Characteristics
The demographic data and baseline characteristics of the
participants are summarized in Table 1. Overall, the dropout
rate was consistent between the intervention and wait-list control

conditions (insomnia: χ2
1 (N=333)=0.2; P=.62; pain: χ2

1

(N=235)=1.2; P=.27; dysregulated eating: χ2
1 (N=351)=0.1;

P=.80). Chi-square tests and independent t tests revealed no
significant association between the demographics variable and
the dropout rate. No significant baseline difference between
completers and dropout participants on any outcome measures
was found.
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Table 1. Demographic data and baseline characteristics of the participants.

Study 3: Dysregulated eating (N=351)Study 2: Pain (N=235)Study 1: Insomnia (N=333)Characteristics

Wait-list controlInterventionWait-list controlInterventionWait-list controlIntervention

35.69 (11.55)36.32 (11.64)41.51 (13.66)41.19 (15.45)42.59 (13.08)41.67 (13.57)Age (years), mean (SD)

Sex, n (%)

16 (9.2)20 (11.3)21 (18)17 (14.4)27 (16.2)40 (24)Male

158 (90.8)157 (88.7)96 (82.1)101 (85.6)139 (83.7)126 (75.5)Female

Religion, n (%)

5 (2.9)5 (2.8)7 (6)11 (9.3)16 (9.6)7 (4.2)Catholic

42 (24.1)32 (18.1)29 (24.8)29 (24.6)29 (17.5)41 (24.6)Christian

28 (16.1)29 (16.4)19 (16.2)18 (15.3)37 (22.3)25 (15)Buddhist

2 (1.2)1 (0.6)0 (0)0 (0)1 (0.6)1 (0.6)Others

97 (55.8)110 (62.2)62 (53)60 (50.9)83 (50)92 (55.1)None

Education, n (%)

0 (0)1 (0.6)4 (3.4)3 (2.5)2 (1.2)1 (0.6)Primary

0 (0)2 (1.1)8 (6.8)4 (3.4)6 (3.6)7 (4.2)Junior secondary

30 (17.2)37 (20.9)21 (18)30 (25.4)41 (24.7)36 (21.6)Senior secondary

91 (52.3)91 (51.4)44 (37.6)48 (40.7)72 (43.4)77 (46.1)College/university

53 (30.5)46 (26)40 (34.2)31 (26.3)43 (25.9)43 (25.8)Master or above

0 (0)1 (0.6)0 (0)2 (1.7)2 (1.2)2 (1.2)Others

Employment, n (%)

30 (17.2)31 (17.5)10 (8.6)7 (5.9)15 (9)18 (10.8)Student

111 (63.8)110 (62.2)63 (53.9)66 (55.9)94 (56.6)105 (62.9)Full-time

13 (7.5)13 (7.3)11 (9.4)10 (8.5)9 (5.4)8 (4.8)Part-time

4 (2.3)0 (0)3 (2.6)4 (3.4)1 (0.6)3 (1.8)Unemployed

7 (4)5 (2.8)14 (12)19 (16.1)25 (15.1)19 (11.4)Retired

7 (4)15 (8.5)12 (10.3)11 (9.3)16 (9.6)9 (5.4)Others

Previous experience in mindfulness practice, n (%)

43 (24.7)41 (23.2)32 (27.4)33 (28)42 (25.3)40 (24)Yes

131 (75.3)136 (76.8)85 (72.6)85 (72)124 (74.7)126 (75.5)No

Study 1 on Insomnia
Correlations among the variables are presented in Table 2.
Repeated measures ANOVA with the imputed data revealed
significant intervention by time interaction effect on insomnia
severity (F3,790.1259=7.434; P<.001), somatic presleep arousal
(F3,887.221=4.504; P=.004), cognitive presleep arousal
(F3,795.662=5.286; P=.001), dysfunctional beliefs and attitude
about sleep (F3,775.253=5.784; P<.001), mindfulness
(F3,749.436=3.590; P=.01), depression (F3,838.002=3.938; P=.008),

anxiety (F3,845.675=4.554; P=.004), and mental well-being
(F3,826.162=3.482; P=.02), whereas the intervention by time
interaction effect on functional adjustment was found to be
nonsignificant (F3,681.529=0.964; P=.41). Further analysis
revealed that the intervention condition showed a better outcome
on most of the outcome measures at postintervention, 1-month,
and 3-month follow-up, compared with its respective wait-list
control condition (see Table 3). Effect sizes are presented in
Table 4.
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Table 2. Correlations among variables of study 1 at baseline.

WHO-5iGAD-7hPHQ-9gMAASfWSASeDBASdPSAS-CcPSAS-SbISIa

Insomnia Severity Index

—jr

P value

Presleep Arousal-Somatic

—0.420r

<.001P value

Presleep Arousal-Cognitive

—0.6050.489r

<.001<.001P value

16-item Dysfunctional Beliefs and Attitudes about Sleep

—0.3870.3300.401r

<.001<.001<.001Pvalue

Work and Social Adjustment Scale

—0.4750.3110.3300.365r

<.001<.001<.001<.001P value

Mindful Attention Awareness Scale

—–0.335–0.353–0.405–0.300–0.237r

<.001<.001<.001<.001<.001P value

9-item Patient Health Questionnaire

—–0.5620.4610.4410.4790.4510.555r

<.001<.001<.001<.001<.001<.001P value

7-item Generalized Anxiety Disorder Scale

—0.725–0.4930.4360.4490.5900.4830.461r

<.001<.001<.001<.001<.001<.001<.001P value

5-item World Health Organization Well-being Index

—–0.407–0.5170.245–0.230–0.263–0.295–0.250–0.407r

<.001<.001<.001<.001<.001<.001<.001<.001P value

aISI: Insomnia Severity Index.
bPSAS-S: Presleep Arousal-Somatic.
cPSAS-C: Presleep Arousal-Cognitve.
dDBAS: Dysfunctional Beliefs and Attitudes about Sleep.
eWSAS: Work and Social Adjustment Scale.
fMAAS: Mindful Attention Awareness Scale.
gPHQ-9: 9-item Patient Health Questionnaire.
hGAD-7: 7-item Generalized Anxiety Disorder Scale.
iWHO-5: 5-item World Health Organization Well-being Index.
jNot applicable.
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Table 3. Repeated measures analysis of variance for study 1: intent-to-treat analysis (N=333).

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinter-
vention

Preinter-
vention

P valueF (df)P valueF (df)P valueF (df)MeanMeanMeanMean

<.00166.726 (3,
698.7932)

<.00116.864 (1,
307.0944)

<.0017.434 (3,
790.1259)

Insomnia Severity Index

10.3510.7510.3815.32Intervention

12.8212.9712.8815.40Wait-list

.023.351 (3,
845.665)

0.016.544 (1,
312.570)

.0044.504 (3,
887.221)

Presleep Arousal-Somatic

5.595.845.076.77Intervention

7.596.796.646.73Wait-list

<.00116.391 (3,
688.2804)

.025.227 (1,
313.295)

.0015.286 (3,
795.662)

Presleep Arousal-Cognitive

11.0711.9511.7615.08Intervention

13.7913.4013.8914.89Wait-list

<.0019.690 (3,
646.1311)

.0038.830 (1,
309.7971)

<.0015.784 (3,
775.253)

Dysfunctional Beliefs and Attitudes about Sleep

68.8669.2269.9576.58Intervention

75.7575.4475.4076.81Wait-list

.0093.866 (3,
696.4202)

.301.072 (1,
318.1953)

.013.590 (3,
749.436)

Mindful Attention Awareness Scale

4.294.314.254.06Intervention

4.134.184.114.15Wait-list

<.00111.400 (3,
785.1927)

.360.852 (1,
309.7324)

.0083.938 (3,
838.0021)

9-item Patient Health Questionnaire

7.607.357.579.56Intervention

8.447.978.498.84Wait-list

.0015.483 (3,
766.9396)

.152.132 (1,
316.0437)

.0044.554 (3,
845.6747)

7-item Generalized Anxiety Disorder Scale

6.996.826.788.61Intervention

7.987.738.108.06Wait-list

<.00110.346 (3,
735.2119)

.073.221 (1,
304.5821)

.023.482 (3,
826.1617)

5-item World Health Organization Well-being Index

42.1738.1438.4231.40Intervention

36.2934.8233.6932.84Wait-list

.082.306 (3,
534.3949)

.161.959 (1,
271.476)

.410.964 (3,
681.5286)

Work and Social Adjustment Scale

16.0215.1916.0717.83Intervention

17.6316.8117.1717.68Wait-list
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Table 4. Effect sizes of study 1.

3-month follow-up versus preintervention1-month follow-up versus preinterventionPostintervention versus preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Insomnia Severity Index

0.85 to
1.23

1.04<.00111.762
(1547.873)

0.78 to
1.16

0.97<.00110.392
(2254.874)

0.92 to
1.31

1.11<.00113.143
(5443.323)

Intervention

0.38 to
0.67

0.53<.0016.416
(1233.278)

0.34 to
0.65

0.50<.0015.606
(894.225)

0.78 to
1.34

1.06<.0017.038
(1622.922)

Wait-list

Presleep Arousal-Somatic

0.07 to
0.40

0.23.0082.637
(4766.154)

0.03 to
0.34

0.19.032.184
(6574.37)

0.19 to
0.49

0.34<.0014.451
(15081.001)

Intervention

–0.03 to
–0.01

–0.16.048–1.977
(2875.841)

–0.16 to
0.14

0.01.89–0.143
(3473.035)

–0.21 to
0.28

0.04.790.267
(2637.896)

Wait-list

Presleep Arousal-Cognitive

0.43 to
0.74

0.58<.0016.884
(1663.291)

0.30 to
0.61

0.45<.0015.234
(1371.045)

0.35 to
0.64

0.49<.0016.794
(8818.592)

Intervention

0.02 to
0.27

0.15.042.092
(2344.107)

0.08 to
0.33

0.21.0052.797
(1085.731)

0.05 to
0.50

0.28.042.086
(1186.225)

Wait-list

16-item Dysfunctional Beliefs and Attitudes about Sleep

0.31 to
0.59

0.45<.0015.662
(1459.862)

0.31 to
0.59

0.45<.0015.976
(1548.938)

0.30 to
0.56

0.43<.0016.397
(3434.157)

Intervention

–0.06 to
0.19

–0.07.390.863
(873.599)

–0.03 to
0.21

0.09.251.143
(564.757)

0.05 to
0.42

0.18.181.349
(1526.281)

Wait-list

Mindful Attention Awareness Scale

0.15 to
0.40

0.28<.001–3.830
(1361.077)

0.20 to
0.43

0.31<.001–4.724
(1464.818)

0.12 to
0.35

0.23<.001–3.659
(3932.992)

Intervention

–0.13 to
0.10

–0.01.840.207
(1054.694)

–0.15 to
0.05

–0.05.50–0.670
(975.659)

–0.27 to
0.13

–0.07.500.668
(1370.984)

Wait-list

9-item Patient Health Questionnaire

0.26 to
0.56

0.41<.0015.003
(2211.678)

0.33 to
0.64

0.48<.0015.864
(2734.949)

0.28 to
0.58

0.43<.0015.456
(5123.518)

Intervention

–0.05 to
0.22

0.08.291.049
(2210.411)

0.05 to
0.31

0.18.022.361
(1450.462)

–0.11 to
0.39

0.14.311.014
(2969.454)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.19 to
0.47

0.33<.0014.308
(2432.34)

0.23 to
0.52

0.37<.0014.685
(2436.844)

0.23 to
0.53

0.38<.0015.022
(8639.716)

Intervention

–0.11 to
0.15

0.02.820.225
(2365.867)

–0.07 to
0.20

0.07.410.832
(1421.884)

–0.26 to
0.23

–0.02.92–0.102
(2277.929)

Wait-list

5-item World Health Organization Well-being Index

0.39 to
0.71

0.55<.001–6.318
(1335.566)

0.21 to
0.49

0.35<.001–4.417
(2159.869)

0.21 to
0.51

0.36<.001–4.387
(2744.74)

Intervention

–0.34 to
–0.03

–0.19.04–2.088
(1592.958)

–0.24 to
0.03

–0.11.19–1.303
(1338.226)

–0.40 to
0.22

–0.09.60–0.523
(2592.251)

Wait-list

Work and Social Adjustment Scale

0.06 to
0.37

0.21.022.257
(778.492)

0.16 to
0.47

0.31.0013.233
(743.299)

0.05 to
0.37

0.21.042.107
(822.965)

Intervention

–0.15 to
0.16

0.950.063
(688.404)

–0.05 to
0.26

0.1.330.970
(394.396)

–0.20 to
0.45

0.12.550.601
(674.646)

Wait-list
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Mediation Model

One-Month Follow-up Results
The results showed that all 4 models had satisfactory model fit.
In addition, at 1-month follow-up assessment, the indirect effects
of condition on all primary and secondary outcomes through
dysfunctional beliefs and attitudes about sleep were significant,
except mental well-being. The indirect effects of condition
through mindfulness were significant on cognitive presleep
arousal.

Three-Month Follow-up Results
At 3-month follow-up assessment, all 4 models showed
satisfactory model fit. The indirect effects of condition on the
primary and secondary outcomes through dysfunctional beliefs
and attitudes about sleep were all significant. However, the
indirect effects of condition through mindfulness were only
significant on cognitive and somatic presleep arousal. Table 5
shows a summary of the model fit, standardized path
coefficients, standard errors, indirect effects, total effects, and
model fits of the 4 models. Figure 4 shows the mediation models
of study 1.
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Table 5. Standardized path coefficients, standard errors, indirect effects, total effects, and model fits of the mediation analyses in study 1.

Total
effect

Indirect effect
through Dysfunc-
tional Beliefs and
Attitude about

Sleep Scale (b*d)

Indirect ef-
fect
through
mindful-

ness (a*c)

e (Condition →
dependent vari-
able)

d (Dysfunction-
al Beliefs and
Attitude about
Sleep Scale →
dependent vari-
able)

c (Mindful-
ness → de-
pendent

variablec)

b (Condition →
Dysfunctional
Beliefs and Atti-
tude about
Sleep Scale)

a (Condition
→ Mindful-
ness)

Model, dependent vari-
ables

1a, Primary outcomes at 1-month follow-upa

–0.327
(0.049),
P<.001

–0.047 (0.015),
P=.002

–0.017
(0.010),
P=.08

–0.262 (0.051),
P<.001

0.212 (0.058),
P<.001

–0.109
(0.053),
P=.04

–0.224 (0.041),
P<.001

0.155
(0.042),
P<.001

Insomnia Severity
Index

 

–0.179
(0.050),
P<.001

–0.037 (0.014),
P=.008

–0.018
(0.010),
P=.05

–0.124 (0.051),
P=.02

0.164 (0.055),
P=.003

–0.119
(0.052),
P=.02

N/AN/AbPresleep Arousal-
Somatic

 

–0.186
(0.047),
P<.001

–0.043 (0.014),
P=.001

–0.026
(0.010),
P=.01

–0.116 (0.047),
P=.01

0.194 (0.051),
P<.001

–0.169
(0.048),
P<.001

N/AN/APresleep Arousal-
Cognitive

 

1b, Primary outcomes at 3-month follow-upc

–0.344
(0.047),
P<.001

–0.056 (0.016),
P<.001

–0.008
(0.008),
P=.35

–0.281 (0.048),
P<.001

0.249 (0.053),
P<.001

–0.050
(0.051),
P=.33

–0.224 (0.041),
P<.001

0.155
(0.042),
P<.001

Insomnia Severity
Index

 

–0.268
(0.046),
P<.001

–0.040 (0.014),
P=.004

–0.027
(0.011),
P=.01

–0.201 (0.048),
P<.001

0.180 (0.054)
P=.001

–0.175
(0.050),
P<.001

 N/A N/APresleep Arousal-
Somatic

 

–0.289
(0.043),
P<.001

–0.047 (0.014),
P=.001

–0.025
(0.010),
P=.01

–0.217 (0.044),
P<.001

0.210 (0.049),
P<.001

–0.164
(0.047),
P<.001

N/A  N/APresleep Arousal-
Cognitive

 

2a, Secondary outcomes at 1-month follow-upd

–0.277
(0.060),
P<.001

–0.059 (0.019),
P=.002

–0.014
(0.010),
P=.16

–0.203 (0.060),
P=.001

0.272 (0.066),
P<.001

–0.120
(0.066),
P=.07

–0.216 (0.048),
P<.001

0.119
(0.050),
P=.02

Work and Social
Adjustment Scale

 

–0.156
(0.061),
P=.01

–0.080 (0.022),
P<.001

–0.017
(0.010),
P=.09

–0.059 (0.059),
P=.32

0.370 (0.058),
P<.001

–0.0140
(0.058),
P=.02

 N/AN/A9-item Patient
Health Question-
naire

 

–0.174
(0.060),
P=.004

–0.049 (0.018),
P=.005

–0.019
(0.011),
P=.09

–0.106 (0.061),
P=.08

0.229 (0.065),
P<.001

–0.160
(0.064),
P=.01

 N/A N/A7-item Generalized
Anxiety Disorder
Scale

 

0.194
(0.059),
P=.001

0.024 (0.016),
P=.12

0.016
(0.010),
P=.12

0.154 (0.060),
P=.01

–0.113 (0.068),
P=.09

0.133
(0.063),
P=.03

 N/A N/A5-item World
Health Organiza-
tion Well-being In-
dex

 

2b, Secondary outcomes at 3-month follow-upe

–0.254
(0.060),
P<.001

–0.075 (0.021),
P<.001

–0.023
(0.012),
P=.06

–0.157 (0.059),
P=.008

0.346 (0.064),
P<.001

–0.191
(0.060),
P=.001

–0.216 (0.048),
P<.001

0.119
(0.050),
P=.02

Work and Social
Adjustment Scale

 

–0.182
(0.059),
P=.002

–0.071 (0.021),
P=.001

–0.023
(0.012),
P=.06

–0.088 (0.059),
P=.13

0.327 (0.061),
P<.001

–0.196
(0.061),
P=.001

 N/A N/A9-item Patient
Health Question-
naire

 

–0.171
(0.059),
P=.004

–0.043 (0.017),
P=.009

–0.018
(0.011),
P=.11

–0.110 (0.059),
P=.06

0.201 (0.064),
P=.002

–0.148
(0.064),
P=.02

 N/A N/A7-item Generalized
Anxiety Disorder
Scale

 

0.127
(0.061),
P=.04

0.034 (0.017),
P=.048

0.008
(0.009),
P=.37

0.084 (0.063),
P=.18

–0.158 (0.071),
P=.03

0.071
(0.071),
P=.32

 N/A N/A5-item World
Health Organiza-
tion Well-being In-
dex

 

aModel fit: χ2
20=31.3; P=.051; comparative fit index=0.988; Tucker–Lewis index=0.976; standardized root mean squared residual=0.029; root mean
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square error of approximation=0.041
bN/A: not applicable.
cModel fit: χ2

20=39.8; P=.005; comparative fit index=0.981; Tucker–Lewis index=0.961; standardized root mean squared residual=0.033; root mean
square error of approximation=0.055.
dModel fit: χ2

30=53.2; P=.006; comparative fit index=0.970; Tucker–Lewis index=0.942; standardized root mean squared residual=0.044; root mean
square error of approximation=0.057.
eModel fit: χ2

30=40.5; P=.09; comparative fit index=0.985; Tucker–Lewis index=0.971; standardized root mean squared residual=0.032; root mean
square error of approximation=0.038.

Figure 4. Path models of study 1. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. DBAS: Dysfunctional Beliefs and Attitudes about Sleep; ISI: Insomnia Severity Index; PSAS-C: Presleep
Arousal-Cognitive; PSAS-S: Presleep Arousal-Somatic; T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment;
WSAS: Work and Social Adjustment Scale. *P<.05, **P<.001.

Study 2 on Pain
Correlations among variables are presented in Table 6. Repeated
measures ANOVA results showed significant intervention
condition by time interaction effect on pain acceptance
(F3,535.514=4.186; P=.006), and pain catastrophizing
(F3,558.550=3.179; P=.02), mindfulness (F3,597.884=3.003; P=.03),
depression (F3,592.642=2.781; P=.04), and mental well-being
(F3,593.052=3.762; P=.01). Meanwhile, interaction effects were

found to be nonsignificant on subjective intensity of pain
(F3,591.397=0.464; P=.71), functional adjustment (F3,541.571=1.720;
P=.16), and anxiety (F3,569.171=2.230; P=.08). Further analysis
showed that the significant interaction effects were largely
maintained across postintervention, 1-month, and 3-month
follow-ups. Participants in the intervention condition reported
better outcomes on most of the measures (See Table 7). Effect
sizes are presented in Table 8.
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Table 6. Correlations among variables of study 2 at baseline.

WHO-5hGAD-7gPHQ-9fMAASeWSASdPCScCPAQbVASa

Visual Analogue Scale

        —ir 

       P value 

Chronic Pain Acceptance Questionnaire

      —–0.405r 

      <.001P value 

Pain Catastrophizing Scale

     —–0.6420.449r 

     <.001<.001P value 

Work and Social Adjustment Scale

    —0.635–0.6030.438r 

    <.001<.001<.001P value 

Mindful Attention Awareness Scale

   —–0.344–0.4180.276–0.117r 

   <.001<.001<.0010.07P value 

9-item Patient Health Questionnaire

  —–0.6270.3710.483–0.3250.214r 

  <.001<.001<.001<.001<.001P value 

7-item Generalized Anxiety Disorder Scale

 —0.751–0.5540.4340.470–0.3270.174r 

 <.001<.001<.001<.001<.0010.007P value 

5-item World Health Organization Well-being Index

—–0.598–0.6130.426–0.342–0.4660.391–0.218r 

<.001<.001<.001<.001<.001<.001<.001P value 

aVAS: Visual Analogue Scale.
bCPAQ: Chronic Pain Acceptance Questionnaire.
cPCS: Pain Catastrophizing Scale.
dWSAS: Work and Social Adjustment Scale.
eMAAS: Mindful Attention Awareness Scale.
fPHQ-9: 9-item Patient Health Questionnaire.
gGAD-7: 7-item Generalized Anxiety Disorder Scale.
hWHO-5: 5-item World Health Organization Well-being Index.
iNot applicable.
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Table 7. Repeated measures analysis of variance for study 2: intent-to-treat analysis.

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinterven-
tion

Preinterven-
tionn

P

valueF (df)

P

valueF (df)

P

valueF (df)MeanMeanMeanMean

<.0019.533 (3,
552.7345)

.016.525 (1,
210.2334)

.710.464 (3,
591.3966)

Visual Analogue Scale

40.9139.2840.0949.36Intervention

47.9246.0945.5652.74Wait-list

<.0016.591 (3,
508.6055)

.321.015 (1,
216.9613)

.0064.186 (3,
535.5144)

Chronic Pain Acceptance Questionnaire

63.8564.4964.4158.96Intervention

61.1860.5763.1660.88Wait-list

.0015.365 (3,
535.191)

.073.370 (1,
215.56)

.023.179 (3,
558.5502)

Pain Catastrophizing Scale

2.532.562.522.84Intervention

2.792.752.752.81Wait-list

.121.958 (3,
511.7978)

.035.068 (1,
220.251)

.033.003 (3,
597.8836)

Mindful Attention Awareness Scale

4.474.394.374.19Intervention

4.114.194.124.15Wait-list

.231.445 (3,
533.4394)

.800.062.042.781 (3,
592.6418)

9-item Patient Health Questionnaire

10.886.956.507.60Intervention

12.758.398.257.77Wait-list

.510.777 (3,
559.0639)

.016.244 (1,
218.5466)

.082.230 (3,
569.1707)

7-item Generalized Anxiety Disorder Scale

6.306.335.826.80Intervention

7.968.087.667.17Wait-list

.082.281 (3,
578.2624)

.171.886 (1,
216.6309)

.013.762 (3,
593.0518)

5-item World Health Organization Well-being Index

45.7946.5048.1139.93Intervention

43.9241.8339.5541.85Wait-list

.0034.790 (3,
437.0823)

.470.535 (1,
200.4921)

.161.720 3,
541.5711)

Work and Social Adjustment Scale

13.8815.3213.4217.79Intervention

15.4316.6414.8416.40Wait-list
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Table 8. Effect sizes of study 2.

3-month follow-up versus preintervention1-month follow-up versus preinterventionPostintervention versus preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Visual Analogue Scale

0.18 to
0.62

0.40.0013.230
(1716.028)

0.27 to
0.71

0.48<.0014.042
(2266.412)

0.26 to
0.67

0.47<.0014.236
(3020.777)

Intervention

0.03 to
0.42

0.23.042.04
(1866.139)

0.13 to
0.50

0.32.0032.929
(1427.677)

0.16 to
0.54

0.35.0013.351
(1895.399)

Wait-list

Chronic Pain Acceptance Questionnaire

0.57 to
0.57

0.38.001–3.467
(822.627)

0.28 to
0.62

0.45<.001–4.763
(1184.051)

0.30 to
0.61

0.45<.001–5.597
(3163.368)

Intervention

–0.12 to
0.17

0.02.79–0.260
(992.647)

–0.16 to
0.11

–0.03.770.297
(1075.033)

0.04 to
0.32

0.18.03–2.187
(1276.259)

Wait-list

Pain Catastrophizing Scale

0.20 to
0.57

0.38<.0013.616
(1387.779)

0.21 to
0.55

0.38<.0013.949
(1366.464)

0.26 to
0.59

0.42<.0014.801
(2844.541)

Intervention

–0.12 to
0.18

0.03.780.286
(1009.163)

–0.06 to
0.22

0.08.380.872
(1408.471)

–0.07 to
0.22

0.08.360.920
(1543.763)

Wait-list

Mindful Attention Awareness Scale

0.17 to
0.54

0.35.001–3.255
(1058.504)

0.09 to
0.45

0.27.006–2.726
(2285.433)

0.07 to
0.41

0.24.01–2.593
(4982.628)

Intervention

–0.18 to
0.09

–0.04.620.490
(1088.182)

–0.09 to
0.18

0.05.56–0.579
(1657.309)

–0.17 to
0.10

–0.04.690.391
(1549.393)

Wait-list

9-item Patient Health Questionnaire

–0.07 to
0.25

0.09.380.880
(799.257)

0.02 to
0.29

0.14.131.504
(1163.214)

0.09 to
0.42

0.25.0052.832
(3259.39)

Intervention

–0.38 to
–0.07

–0.23.009–2.615
(1727.604)

–0.26 to
0.03

–0.12.17–1.360
(1804.568)

–0.21 to
0.04

–0.09.21–1.261
(2701.169)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.06 to
0.29

0.11.261.118
(1134.925)

0.05 to
0.27

0.11.281.088
(717.43)

0.08 to
0.41

0.24.012.537
(1765.07)

Intervention

–0.29 to
0.01

–0.14.10–1.634
(2480.039)

–0.31 to
–0.03

–0.17.04–2.057
(1693.877)

–0.22 to
0.04

–0.09.21–1.267
(2817.28)

Wait-list

5-item World Health Organization Well-being Index

0.06 to
0.48

0.27.03–2.231
(1714.783)

0.15 to
0.46

0.31<.001–3.530
(1700.367)

0.21 to
0.56

0.38<.001–4.207
(4037.397)

Intervention

0.06 to
0.25

0.09.30–1.028
(1669.093)

–0.16 to
0.16

0.990.007
(1799.488)

–0.27 to
0.05

–0.11.241.169
(1678.009)

Wait-list

Work and Social Adjustment Scale

0.22 to
0.64

0.43.0013.377
(712.65)

0.08 to
0.45

0.27.032.241
(614.852)

0.30 to
0.68

0.49<.0014.328
(690.693)

Intervention

–0.07 to
0.29

0.11.350.935
(688.875)

–0.22 to
0.16

–0.03.83–0.213
(834.573)

0.00 to
0.34

0.17.121.569
(671.049)

Wait-list

Mediation Model

One-Month Follow-up Assessment
Results showed that condition had significant indirect effects
on pain intensity and functional adjustment through pain
catastrophizing, whereas condition showed significant indirect

effects on depression and anxiety through mindfulness. All
models showed satisfactory model fit.

Three-Month Follow-up Assessment
Similar to results at 1-month follow-up, the indirect effects of
condition through pain catastrophizing on pain intensity and
functional adjustment at 3-month follow-up were significant,
and the indirect effects of condition through mindfulness on
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depression and anxiety were also significant. A summary of the
model fit and standardized coefficients are shown in Table 9

and Figure 5.

Table 9. Standardized path coefficients, standard errors, indirect effects, total effects, and model fit of the mediation analyses in study 2.

Total effectIndirect ef-
fect through
Pain Catas-
trophizing
Scale (b*d)

Indirect ef-
fect through
mindfulness
(a*c)

e (Condition
→ depen-
dent vari-
able)

d (Pain
Catastrophiz-
ing Scale →
dependent
variable)

c (Mindful-
ness → de-
pendent vari-
able)

b (Condition
→ Pain
Catastrophiz-
ing Scale)

a (Condition
→ Mindful-
ness)

Dependent variables

Primary outcomes at 1-month follow-upa

–0.171
(0.064),
P=.007

–0.066
(0.025),
P=.007

–0.009
(0.011),
P=.42

–0.096
(0.063),
P=.13

0.350
(0.072),
P<.001

–0.061
(0.071),
P=.39

–0.188
(0.057),
P=.001

0.141
(0.056),
P=.01

Pain intensity

Primary outcomes at 3-month follow-upb

–0.231
(0.064),
P<.001

–0.053
(0.022),
P=.02

–0.014
(0.012),
P=.26

–0.164
(0.065),
P=.01

0.281
(0.077),
P<.001

–0.099
(0.076),
P=.19

–0.188
(0.057),
P=.001

0.141
(0.056),
P=.01

Pain intensity

Secondary outcomes at 1-month follow-upc

–0.189
(0.074),
P=.01

–0.074
(0.032),
P=.02

–0.008
(0.015),
P=.61

–0.107
(0.074),
P=.15

0.408
(0.083),
P<.001

–0.042
(0.078),
P=.59

–0.181
(0.065),
P=.005

0.178
(0.065),
P=.006

Work and Social Adjust-
ment Scale

–0.184
(0.065),
P=.005

–0.019
(0.016),
P=.23

–0.044
(0.021),
P=.04

–0.121
(0.065),
P=.06

0.103
(0.075),
P=.17

–0.244
(0.074),
P=.001

N/AN/Ad9-item Patient Health
Questionnaire

–0.219
(0.063),
P=.001

–0.018
(0.015),
P=.22

–0.041
(0.020),
P=.045

–0.161
(0.064),
P=.012

0.099
(0.070),
P=.16

–0.226
(0.071),
P=.002

N/AN/A7-item Generalized
Anxiety Disorder Scale

0.214
(0.068),
P=.002

–0.012
(0.016),
P=.45

0.041
(0.022),
P=.06

0.185
(0.070),
P=.008

0.068
(0.084),
P=.42

0.228
(0.084),
P=.007

N/AN/A5-item World Health
Organization Well-be-
ing Index

Secondary outcomes at 3-month follow-upe

–0.263
(0.073),
P<.001

–0.086
(0.035),
P=.02

–0.008
(0.015),
P=.61

–0.169
(0.074),
P=.02

0.472
(0.082),
P<.001

–0.042
(0.080),
P=.59

–0.181
(0.065),
P=.005

0.178
(0.065)
P=.006

Work and Social Adjust-
ment Scale

–0.306
(0.064),
P<.001

–0.027
(0.017),
P=.10

–0.047
(0.022),
P=.03

–0.232
(0.065),
P<.001

0.149
(0.071),
P=.04

–0.265
(0.073),
P<.001

N/AN/A9-item Patient Health
Questionnaire

–0.268
(0.066),
P<.001

–0.035
(0.019),
P=.06

–0.042
(0.021),
P=.04

–0.192
(0.066),
P=.004

0.192
(0.071),
P=.007

–0.232
(0.074),
P=.002

 N/AN/A7-item Generalized
Anxiety Disorder Scale

0.165
(0.074),
P=.03

–0.001
(0.016),
P=.93

0.027
(0.018),
P=.14

0.140
(0.076),
P=.07

0.007
(0.084),
P=.93

0.152
(0.085),
P=.07

 N/AN/A5-item World Health
Organization Well-be-
ing Index

aModel fit: χ2
6=5.5; P=.49; comparative fit index=1.00; Tucker–Lewis index=1.005; standardized root mean squared residual=0.034; root mean square

error of approximation<.001
bModel fit: χ2

6=6.2; P=.40; comparative fit index=0.999; Tucker–Lewis index=0.998; standardized root mean squared residual=0.34; root mean square
error of approximation=0.011.
cModel fit: χ2

30=29.2; P=.51; comparative fit index=1.00; Tucker–Lewis index=1.003; standardized root mean squared residual=0.04; root mean square
error of approximation<.001.
dN/A: not applicable.
eModel fit: χ2

30=25.9; P=.68; comparative fit index=1.00; Tucker–Lewis index=1.013; standardized root mean squared residual=0.040; root mean
square error of approximation<.001.
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Figure 5. Path models of study 2. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment; WSAS: Work
and Social Adjustment Scale. *P<.05, **P<.001.

Study 3 on Dysregulated Eating
Correlations among variables are presented in Table 10. Results
of repeated measures ANOVA showed significant intervention
condition by time interaction effect on uncontrolled eating
(F3,912.364=3.041; P=.03), emotional eating (F3,944.138=4.294;
P=.005), mindfulness (F3,854.310=2.670; P=.05), and mental

well-being (F3,882.777=4.457; P=.004). Meanwhile, analyses on
other measures showed nonsignificant results. For the outcome
with significant results, further analyses showed that significant
group difference was maintained and the intervention condition
reported better outcomes at postintervention, 1-month, and
3-month follow-up (See Table 11). Effect sizes are presented
in Table 12.
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Table 10. Correlations among variables of study 3 at baseline.

WHO-5hGAD-7gPHQ-9fMAASePFSdTFEQ-EEcTFEQ-CRbTFEQ-UEa

Three-Factor Eating Questionnaire-Uncontrolled Eating

       —ir 

       P value 

Three-Factor Eating Questionnaire-Cognitive Restraint

       —–0.038r 

       .48P value 

Three-Factor Eating Questionnaire-Emotional Eating

     —–0.0090.643r 

     .87<.001P value 

Power of Food Scale

    —0.538–0.0480.708r 

    <.001.37<.001P value 

Mindful Attention Awareness Scale

   —–0.358–0.4230.110–0.368r 

   <.001<.001.04<.001P value 

9-item Patient Health Questionnaire

  —–0.6260.2880.373–0.1160.251r 

  <.001<.001<.001.03<.001P value 

7-item Generalized Anxiety Disorder Scale

 —0.796–0.5640.2060.304–0.0270.200r 

 <.001<.001<.001<.001.62<.001P value 

5-item World Health Organization Well-being Index

—–0.578–0.5920.46–0.102–0.2430.107–0.086r 

<.001<.001<.001.06<.001.050.11P value 

aTFEQ-UE: Three-Factor Eating Questionnaire-Uncontrolled Eating.
bTFEQ-CR: Three-Factor Eating Questionnaire-Cognitive Restraint.
cTFEQ-EE: Three-Factor Eating Questionnaire-Emotional Eating.
dPFS: Power of Food Scale.
eMAAS: Mindful Attention Awareness Scale.
fPHQ-9: 9-item Patient Health Questionnaire.
gGAD-7: 7-item Generalized Anxiety Disorder Scale.
hWHO-5: 5-item World Health Organization Well-being Index.
iNot applicable.
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Table 11. Repeated measures analysis of variance for study 3: intent-to-treat analysis (N=351).

Time effectCondition effectInteraction effect3-month
follow-
up

1-month
follow-
up

Postinterven-
tion

Preinterven-
tion

P

valueF (df)

P

valueF (df)

P

valueF (df)MeanMeanMeanMean

<.00121.132 (3,
841.623)

.00210.275 (1,
325.2121)

.033.041 (3,
912.364)

Three-Factor Eating Questionnaire-Uncontrolled Eating

18.7018.9719.2120.95Intervention

20.3720.4021.0621.53Wait-list

.023.299 (3,
793.3058)

.770.086 (1,
303.5693)

.940.135 (3,
875.081)

Three-Factor Eating Questionnaire-Cognitive Restraint

9.509.599.519.21Intervention

9.359.529.529.12Wait-list

.0034.792 (3,
866.233)

.0067.781 (1,
324.9344)

.0054.294 (3,
944.138)

Three-Factor Eating Questionnaire-Emotional Eating

6.846.886.867.58Intervention

7.577.527.587.61Wait-list

<.00123.943 (3,
1030.6991)

<.00119.932 (1,
343.1272)

.510.771 (3,
1031.464)

Power of Food Scale

39.1640.3240.3843.64Intervention

43.9844.5645.8947.22Wait-list

<.0017.599 (3,
793.6769)

.025.346 (1,
310.4349)

.052.670 (3,
854.310)

Mindful Attention Awareness Scale

4.334.314.294.05Intervention

4.164.084.054.00Wait-list

.0064.236 (3,
826.3964)

.102.715 (1,
320.5567)

.291.241 (3,
914.466)

9-item Patient Health Questionnaire

6.376.276.727.61Intervention

7.196.997.757.74Wait-list

.112.048 (3,
825.7671)

.211.557 (1,
323.1843)

.161.75 (3,
900.082)

7-item Generalized Anxiety Disorder Scale

5.895.935.876.99Intervention

6.576.506.896.86Wait-list

.092.178 (3,
789.4446)

.171.890 (1,
320.3858)

.0044.457 (3,
882.777)

5-item World Health Organization Well-being Index

48.6848.3650.1242.97Intervention

44.7846.6743.9244.94Wait-list
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Table 12. Effect sizes of study 3.

3-month follow-up versus Preintervention1-month follow-up versus PreinterventionPostintervention versus Preintervention

CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)CI
Cohen
d

P

valuet (df)

Three-Factor Eating Questionnaire-Uncontrolled Eating

0.32 to
0.61

0.46<.0015.861
(2319.303)

0.31 to
0.59

0.45<.0016.105
(3639.106)

0.23 to
0.50

0.36<.0015.186
(3817.101)

Intervention

0.12 to
0.37

0.24.0023.170
(2504.465)

0.07 to
0.33

0.20.0042.893
(3664.02)

0.01 to
0.23

0.12.051.930
(4614.144)

Wait-list

Three-Factor Eating Questionnaire-Cognitive Restraint

–0.03 to
0.27

0.12.17–1.366
(1069.425)

0.01 to
0.31

0.16.07–1.801
(1687.066)

–0.01 to
0.28

0.13.005–1.643
(2879.543)

Intervention

–0.03 to
0.23

0.10.19–1.303
(2226.666)

0.03 to
0.30

0.17.04–2.106
(2073.137)

0.05 to
0.31

0.18.02–2.440
(3497.992)

Wait-list

Three-Factor Eating Questionnaire-Emotional Eating

0.20 to
0.49

0.35<.0014.431
(3790.093)

0.19 to
0.46

0.32<.0014.393
(2491.901)

0.20 to
0.45

0.33.0014.721
(1990.064)

Intervention

–0.11 to
0.15

0.02.750.320
(2534.89)

–0.13 to
0.14

0.00.910.111
(2995.514)

–0.11 to
0.14

0.01.840.197
(3848.245)

Wait-list

Power of Food Scale

0.32 to
0.61

0.46<.0014.769
(113062.726)

0.18 to
0.49

0.34<.0014.367
(121149.766)

0.16 to
0.43

0.30<.0014.381
(50588.352)

Intervention

0.22 to
0.48

0.35<.0015.298
(62137.205)

0.11 to
0.36

0.24<.0013.570
(27839.166)

0.05 to
0.30

0.17.0062.739
(112506.843)

Wait-list

Mindful Attention Awareness Scale

–0.03 to
0.27

0.12<.001–4.180
(1425.676)

0.17 to
0.41

0.29<.001–4.124
(1323.734)

0.14 to
0.39

0.27.001–3.686
(1565.495)

Intervention

–0.02 to
0.26

0.12.12–1.551
(2324.842)

–0.09 to
0.16

0.03.60–0.524
(2393.459)

–0.07 to
0.20

0.07.35–0.940
(5467.915)

Wait-list

9-item Patient Health Questionnaire

0.20 to
0.49

0.35.0042.868
(2623.881)

0.10 to
0.40

0.25.0032.948
(3308.172)

0.04 to
0.30

0.17.122.321
(3106.031)

Intervention

0.08 to
0.21

0.07.420.815
(2368.508)

–0.02 to
0.26

0.12.131.502
(2597.217)

–0.15 to
0.14

0.01.92–0.099
(6576.707)

Wait-list

7-item Generalized Anxiety Disorder Scale

0.23 to
0.55

0.39.0082.646
(2359.088)

0.05 to
0.32

0.18.022.373
(2117.166)

0.09 to
0.34

0.21.0473.096
(2600.162)

Intervention

–0.12 to
0.18

0.03.730.347
(2103.419)

–0.12 to
0.17

0.03.730.344
(4111.079)

–0.15 to
0.13

–0.01.86–0.171
(6545.757)

Wait-list

5-item World Health Organization Well-being Index

0.19 to
0.46

0.33.008–2.651
(1620.939)

0.09 to
0.36

0.22.004–2.920
(1302.715)

0.19 to
0.48

0.33.02–4.243
(3063.119)

Intervention

–0.21 to
0.10

0.06.530.628
(2220.244)

–0.10 to
0.17

0.04.63–0.487
(1512.967)

–0.21 to
0.07

–0.07.380.885
(4256.998)

Wait-list

Mediation Model

One-Month Follow-up Results
Results showed that at 1-month follow-up assessments,
condition showed significant indirect effects on uncontrolled
eating and emotional eating through power of food. Condition

also showed indirect effects on depression and anxiety through
mindfulness.

Three-Month Follow-up Results
At 3-month follow-up assessments, condition showed significant
indirect effects on uncontrolled eating and emotional eating
through power of food, whereas it showed significant indirect
effect on depression through mindfulness. A summary of the
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model fit, standardized coefficients, indirect effects, and total effects is shown in Table 13 and Figure 6.
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Table 13. Standardized path coefficients, indirect effects, total effects, and model fit of the mediation analyses in study 3.

Total
effect

Indirect effect
through Power of

Food Scale (b*d)

Indirect ef-
fect through
mindfulness

(a*c)

e (Condition →
dependent vari-
able)

d (Power of
Food Scale →
dependent vari-
able)

c (Mindful-
ness → de-
pendent
variable)

b (Condition
→ Power of
Food Scale)

a (Condition
→ Mindful-
ness)

Dependent variables

Primary outcomes at 1-month follow-upa

0.008
(0.051),
P=.87

–0.008 (0.006),
P=.21

0.010
(0.007),
P=.19

0.006 (0.053),
P=.90

0.083 (0.056),
P=.14

0.096
(0.055),
P=.08

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

Three-Factor Eat-
ing Questionnaire-
Cognitive Restraint

 

–0.101
(0.042),
P=.02

–0.042 (0.017),
P=.02

–0.012
(0.007),
P=.09

–0.048 (0.039),
P=.22

0.447 (0.048),
P<.001

–0.120
(0.042),
P=.005

N/AN/AbThree-Factor Eat-
ing Questionnaire-
Uncontrolled Eat-
ing

 

–0.134
(0.046),
P=.004

–0.026 (0.011),
P=.02

–0.005
(0.006),
P=.40

–0.103 (0.046),
P=.03

0.275 (0.054),
P<.001

–0.049
(0.051),
P=.33

N/AN/AThree-Factor Eat-
ing Questionnaire-
Emotional Eating

 

Primary outcomes at 3-month follow-upc

0.020
(0.049),
P=.69

–0.003 (0.006),
P=.57

–0.005
(0.006),
P=.39

0.029 (0.050),
P=.57

0.037 (0.060),
P=.54

–0.054
(0.055),
P=.33

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

Three-Factor Eat-
ing Questionnaire-
Cognitive Restraint

 

–0.121
(0.043),
P=.005

–0.032 (0.013),
P=.02

–0.017
(0.009),
P=.06

–0.071 (0.040),
P=.08

0.340 (0.053),
P<.001

–0.176
(0.044),
P<.001

N/AN/AThree-Factor Eat-
ing Questionnaire-
Uncontrolled Eat-
ing

 

–0.136
(0.043),
P=.001

–0.024 (0.011),
P=.02

–0.018
(0.009),
P=.06

–0.093 (0.041),
P=.02

0.261 (0.048),
P<.001

–0.180
(0.046),
P<.001

N/AN/AThree-Factor Eat-
ing Questionnaire-
Emotional Eating

 

Secondary outcomes at 1-month follow-upd

–0.052
(0.049),
P=.29

–0.011 (0.007),
P=.09

–0.035
(0.017),
P=.04

–0.006 (0.048),
P=.90

0.121 (0.054),
P=.03

–0.349
(0.053),
P<.001

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

9-item Patient
Health Question-
naire

 

–0.063
(0.048),
P=.19

–0.007 (0.006),
P=.19

–0.035
(0.017),
P=.04

–0.020 (0.046),
P=.66

0.080 (0.052),
P=.12

–0.351
(0.052),
P<.001

N/AN/A7-item Generalized
Anxiety Disorder
Scale

 

0.068
(0.047),
P=.15

–0.001 (0.005),
P=.87

0.021
(0.011),
P=.07

0.048 (0.048),
P=.31

0.009 (0.052),
P=.87

0.206
(0.054),
P<.001

N/AN/A5-item World
Health Organiza-
tion Well-being In-
dex

 

Secondary outcomes at 3-month follow-upe

–0.077
(0.049),
P=.12

–0.014 (0.008),
P=.06

–0.034
(0.016),
P=.04

–0.028 (0.047),
P=.545

0.155 (0.051),
P=.003

–0.337
(0.053),
P<.001

–0.093
(0.037), P=.01

0.100
(0.046),
P=.03

9-item Patient
Health Question-
naire

 

–0.067
(0.049),
P=.18

–0.015 (0.008),
P=.06

–0.021
(0.011),
P=.06

–0.031 (0.049),
P=.52

0.157 (0.054),
P=.004

–0.211
(0.055),
P<.001

N/AN/A7-item Generalized
Anxiety Disorder
Scale

 

0.114
(0.051),
P=.03

0.003 (0.006),
P=.56

0.014
(0.009),
P=.11

0.097 (0.052),
P=.06

–0.034 (0.056),
P=.54

0.141
(0.060),
P=.02

N/AN/A5-item World
Health Organiza-
tion Well-being In-
dex

 

aModel fit: χ2
20=37.8; P=.009; comparative fit index=0.981; Tucker–Lewis index=0.962; standardized root mean squared residual=0.029; root mean

square error of approximation=0.050.
bN/A: not applicable.
cModel fit: χ2

20=32.5; P=.04; comparative fit index=0.987; Tucker–Lewis index=0.973; standardized root mean squared residual=0.027; root mean
square error of approximation=0.042.
dModel fit: χ2

20=44.2; P=.002; comparative fit index=0.977; Tucker–Lewis index=0.954; standardized root mean squared residual=0.041; root mean
square error of approximation=0.06.
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eModel fit: χ2
20=28.6; P=.09; comparative fit index=0.991; Tucker–Lewis index=0.983; standardized root mean squared residual=0.035; root mean

square error of approximation=0.035.

Figure 6. Path models of study 3. Baseline variables were controlled. For the purpose of clarity, the controlled variables and the covariance of the
residuals between variables are not depicted. T2: postassessment; T3: 1-month follow-up assessment; T4: 3-month follow-up assessment. *P<.05,
**P<.001.

Discussion

Principal Results
This study hypothesized that text messaging–based MBI is
effective in reducing distress related to insomnia, pain, and
dysfunctional eating. It was encouraging that effectiveness was
demonstrated in all 3 randomized controlled trials. Most
outcomes had improved significantly at 1-month follow-up
compared to wait-list control condition and some effects were
able to sustain at 3-month follow-up, including both primary
outcomes (eg, insomnia, pain, dysregulated eating indicators)
and secondary outcomes (eg, depressive, anxiety symptoms).
Our findings showed that text messaging–based interventions
not only serve as an adjunct or supplementary tool for traditional
treatment programs but also can serve as the core treatment
modality. Not only the effectiveness is promising, the retention
rates are also high across 3 trials at postmeasurement for
intervention groups, ranging from 72.9% (129/177) up to 83.2%
(139/167), which demonstrated that text messaging–based
intervention is a feasible solution that can maintain a high
retention rate. This study contributed to the knowledge of how
we can utilize the text messaging application to a fuller extent
for intervention purposes so that people with a range of
health-related issues can consider evidence-based options
delivered via mobile messaging technology.

Study 1 on Insomnia
The results of the randomized controlled trials demonstrated
the effectiveness of the text messaging–based MBI on insomnia.
Primary outcomes, namely, insomnia intensity, dysfunctional
beliefs and attitudes about sleep, and presleep arousal were
found to be significantly reduced compared to those in the

wait-list control condition, and the effect was sustained at
3-month follow-up. Significant improvement of secondary
outcomes, including depressive symptoms, anxiety symptoms,
and mental well-being, were also found with sustained effect
at 3-month follow-up. The results were consistent with those
reported in previous studies on MBIs for insomnia that MBIs
are effective in improving insomnia, depression, and anxiety
and increasing mindfulness [12,13].

Dysfunctional beliefs and attitudes about sleep mediated the
effect of the intervention on all primary outcomes and most
secondary outcomes at both 1-month and 3-month follow-up.
Mindfulness was found to mediate the effect of the intervention
on presleep arousal (cognitive) at 1-month follow-up with
additional mediating effects on presleep arousal (somatic) at
3-month follow-up. The mediating effects of dysfunctional
beliefs and attitudes about sleep on the outcomes aligned with
the mechanism proposed that it was suggested that mindfulness
can improve sleep by changing the pattern of worry and
rumination [24]. In this study, the mediation model showed that
improved sleep might be made possible through reduced
dysfunctional beliefs about sleep. However, it was unclear why
mindfulness has a mediation effect only on the primary
outcomes but not on the secondary outcomes. This pattern might
be explained by the specificity of content that was targeted at
insomnia.

Study 2 on Pain
The results of repeated measures ANOVA showed that MBIs
are effective in enhancing chronic pain acceptance and reducing
pain catastrophizing at 3-month follow-up in the intervention
group compared to those in the wait-list control group.
Mindfulness, depressive symptoms, and mental well-being were

J Med Internet Res 2022 | vol. 24 | iss. 5 | e30073 | p. 25https://www.jmir.org/2022/5/e30073
(page number not for citation purposes)

Li et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


also found to improve significantly at 3-month follow-up.
However, no significant improvement was found in pain
intensity, which can be explained by the non–symptom-focused
approach of acceptance as it aims to improve pain adjustment
independent of pain intensity [58]. Other results were largely
consistent with previous research that MBI improved pain
acceptance, pain catastrophizing, mindfulness, depression, and
well-being [14-16]. However, anxiety was not reduced
significantly, which might be explained by the floor effect that
the baseline score was low. For the mediation model,
preliminary evidence suggested that pain catastrophizing
mediated the effect of MBI on pain intensity and functioning
at both 1 month and 3 months, whereas mindfulness was only
found to be mediating the effect of intervention on secondary
outcomes but not primary outcomes. Our findings were
consistent with a previous study conducted by Elvery et al [25]
that pain catastrophizing emerged as the most robust process
and it was the most predictive of pain intensity compared to
pain acceptance and mindfulness. However, other studies
showed a different process and mechanism wherein pain
catastrophizing did not mediate the outcome but pain acceptance
did, which might imply that the psychological process may be
more important than cognitive process [80]. Further research is
needed to verify the mechanism of how MBI leads to change
in various outcomes.

Study 3 on Dysregulated Eating
MBI was found to be effective in improving uncontrolled eating,
emotional eating, and well-being at 3-month follow-up
compared to the wait-list control condition. Nonsignificant
results were found in other primary and secondary outcomes.
However, for data without 3-month follow-up, a significant
interaction effect was found for mindfulness. Owing to the
complexity of eating issues, the materials used in this condition
may not be focused enough to induce significant and sustained
change. Preliminary moderation analysis showed that
participants with higher uncontrolled eating scores showed
greater reduction in uncontrolled eating at postintervention in
this study. This finding implies that the intervention may have
greater benefits for people who have more severe uncontrolled
eating problems. The results of the mediation analysis showed
that the power of food mediated the effect of intervention on
both uncontrolled and emotional eating at both 1-month and
3-month follow-ups. Mindfulness was also found to mediate
the effect on depressive symptoms at both 1-month and 3-month
follow-ups. The pattern of mediation is similar to that in the
pain condition that mindfulness only mediates secondary
outcomes but not primary outcomes. Given little research has
been conducted on the relationship between MBI and eating
concerns, further research is needed to confirm the model.

Implications
This study took a significant step in demonstrating the
effectiveness of using text messaging–based MBIs to alleviate
distress related to insomnia, pain, and dysregulated eating, which
were affecting at least a quarter of the general population. Such
interventions are potentially scalable to the population level and
can be widely disseminated with relatively low costs and human
resources. This novel way of delivering MBIs showed a high

retention rate ranging from 72.9% (129/177) to 83.2% (139/167)
for intervention groups at postintervention, which is higher than
the median retention rate of internet-based interventions [29].
Given the potency of the text messaging MBIs in alleviating
specific health concerns and general psychological distress, text
messaging–based intervention deserves more attention in the
future in delivering other forms of psychological interventions.
Not only as adjunct to traditional face-to-face psychological
interventions, text-messaging interventions can potentially
become a core intervention modality that has high user
engagement and positive treatment outcomes. This study also
shed light on the mediation models of MBIs, which have not
been thoroughly investigated. Across the 3 randomized
controlled trials, mindfulness was found to mediate the effect
of intervention on both primary and secondary outcomes.
Condition-specific mediators were also found, including
dysfunctional beliefs and attitudes about sleep for insomnia,
pain catastrophizing for pain, and power of food for dysregulated
eating. These findings supported that the cultivation of
mindfulness and the ability to reperceive the present experience
can alleviate health-related concerns and distress. Future designs
for MBIs can consider focusing on these mechanisms of change.
Nonetheless, replication is needed to confirm the mediation
processes and how different mechanisms are related to different
outcomes.

Limitations
This study had several limitations that warrant attention. First,
wait-list control was used instead of active control that can
account for demand characteristics. As this study focused on
investigating the effects of text messaging–based interventions
among urban dwellers, comparison with wait-list controls is
closer to the real-life situation where people generally do not
seek help for their health-related conditions. Even though the
placebo effect cannot be ruled out, as the active control group
was not included [81], these findings demonstrated effectiveness
in a wide range of psychological outcomes for 3 common health
concerns.

Second, this study solely adopted self-report measures that may
lack objectivity on the severity of health concerns such as sleep
habits, pain severity, and eating patterns. Given the interventions
were delivered over WhatsApp, the use of self-report measures
that are completed online is consistent with accessing the
intervention materials over mobile text messaging. Nevertheless,
future studies may consider including behavioral or
physiological measures to corroborate with self-report findings.

Third, the preponderance of the participants were women. The
results of this study may not be generalizable to other genders.
The skewness is consistent with gender difference in
help-seeking, where men are less likely to seek help than women
[82] and women are more interested in practicing mindfulness
[83]. A systematic review also found that among 117 studies
of randomized controlled trials of mindfulness-based cognitive
therapy or mindfulness-based stress reduction with 9820
participants, only 29% of the total participants were men [84].
Future studies on smartphone-based MBIs should sample more
men to examine whether these interventions may be more
acceptable to men and conducive to their well-being.
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Lastly, despite the high retention rates at postmeasurement, the
return rates of questionnaires were low at 3-month follow-up,
ranging from 61% (72/118) to 67.1% (112/167) for intervention
groups and 68.7% (114/166) to 70.1% (82/117) for wait-list
control groups. In future studies, strategies are needed to boost
the return rates of questionnaires so that the sustained
effectiveness can be captured more accurately. One of the
possible solutions may be increasing the incentive for
completing questionnaires at long follow-up periods.

Conclusions
To conclude, this study showed that text messaging–delivered
MBIs are effective in improving issues related to sleep, pain,

and eating. Text messaging has the potential to be a core
intervention modality to cater to the needs of people with a
fast-paced lifestyle or increase accessibility to MBIs. The
demonstrated mechanisms of change illuminate directions for
future design of materials and focus on MBIs. Given the
increasing health needs of the general population and low
availability of evidence-based face-to-face interventions, text
messaging–based interventions provide a viable alternative to
expand on the availability of effective interventions to the
public.
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