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Purpose: Chronic Insomnia Disorder (CID) is prevalent, yet access to effective treatments is limited. Integrating mindfulness with
Cognitive Behavioral Therapy for Insomnia (CBT-I) in an accessible online format may fill this gap. This study evaluated the efficacy
of a therapist-guided, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia (iMBCT-I), which has been scarcely
investigated.

Patients and Methods: In this open-label, parallel-group randomized trial, 82 participants with CID were assigned to the 8-week of
iMBCT-I group (n = 41) or a control group receiving a single online session of sleep hygiene education (SHE, n = 41). The primary
outcomes were insomnia severity assessed with Insomnia Severity Index (ISI) and insomnia remission (ISI < 8) rate. Secondary
outcomes included sleep quality, sleep diary and actigraphy parameters, depressive and anxious symptoms, and quality of life. The
primary and the follow-up time-points were week 8 and week 20, respectively. Statistical analyses followed the intention-to-treat
principle.

Results: No serious adverse events were reported. At week 8, the ISI score in the iMBCT-I group showed a significant decrease
compared to the SHE group [mean difference, 95% confidence intervals (CI) = 4.00 (2.22, 5.78), p < 0.001, Cohen’s d, 95% CI = 0.99
(0.53, 1.45)]. More participants achieved insomnia remission in the iMBCT-I group [odds ratio, 95% CI = 6.21 (2.24, 17.23), p <
0.001]. The iMBCT-I was also superior on improving sleep quality, sleep onset latency, wakefulness after sleep onset, sleep efficiency,
rapid eye movement duration, depressive symptoms and both physical and mental quality of life (all p < 0.05). Linear mixed-effects
model showed the maintenance of these effects at the 20-week follow-up for most outcomes.

Conclusion: Therapist-guided iMBCT-I is effective in reducing insomnia severity in adults with CID with benefits sustained for
20 weeks.

Trial Registration: This study has been registered with the Chinese Clinical Trial Registry https://www.chictr.org.cn/ (Registration
Number: ChiCTR2400084300).
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Introduction

Chronic Insomnia Disorder (CID) is defined as having persistent difficulties in sleep initiation, maintenance, or early
awakening for at least 3 nights each week, lasting for at least 3 months, with daytime function impairment or distress.' It
affects 16% of adults at a global scale, with a higher prevalence in those with physical or mental health conditions.>™
According to the 2023 China Sleep Research Report, more than 300 million adults in China suffer from insomnia.” CID
disrupts individuals’ physiological, psychological, and social functioning and is also associated with considerable
economic burden because of increased healthcare utilization and productivity loss.®
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Cognitive Behavioral Therapy for Insomnia (CBT-I) is the most recommended first-line treatment for CID.” It
primarily improves sleep by restructuring maladaptive sleep-related cognitions and promoting healthier sleep habits.
However, CBT-I has limited efficacy in addressing emotional dysregulation and physiological hyperarousal, which are
key factors in chronic insomnia.'® Mindfulness-based interventions, centered on the non-judgmental awareness of
present-moment experiences, have been shown to address the cognitive and emotional issues associated with poor
sleep mainly by cultivating awareness, attention control, and acceptance.'""'? Unlike CBT-I, mindfulness-based inter-
ventions also focus on emotional regulation and metacognitive change, which help in managing stress and physiological
hyperarousal, contributing to better sleep outcomes. Thus, mindfulness can be incorporated into CBT-I to enhance
treatment outcomes, addressing the aspects that CBT-I alone may not fully resolve.'® Mindfulness-based Cognitive
Therapy for Insomnia (MBCT-I), which integrates mindfulness and CBT-I, has shown promising results. For instance,
a randomized controlled trial with 216 CID patients in China demonstrated that MBCT-I resulted in significantly greater
improvements in insomnia symptoms compared with a sleep psychoeducation and exercise control condition at two
months post-intervention.'*

Despite the efficacy of CBT-1 or MBCT-I, fewer than 1% of patients with CID gain access to them, largely due
to barriers such as the shortage of trained therapists, time constraints, geographical limitations, and high treatment
costs.'” To address these barriers, digital interventions, which are delivered via the internet or smartphone applica-
tions, have emerged and garnered increasing attention in recent years.'®!'” Several meta-analyses have shown that
both therapist-guided and self-guided digital interventions yield large effects in patients with CID.'®'® However, the
therapeutic gains of self-guided digital intervention for insomnia are often smaller than those from therapist-guided
formats, largely due to suboptimal adherence, especially because self-guided programs often lack engagement,
accountability, and treatment fidelity.'*+*°

Given that MBCT-I is a promising treatment for CID and that therapist-guided online delivery combines accessibility
with high adherence and effectiveness, it is imperative to develop and disseminate the therapist-guided internet-delivered
MBCT-I (iMBCT-]). To date, self-guided iMBCT-I applications are not yet available, and therapist guidance has been
shown to improve engagement and treatment outcomes. To our knowledge, no research has been conducted on therapist-
guided iIMBCT-I. Therefore, in this study, we conducted an open-label, single-center, randomized, parallel-group
controlled trial to evaluate the effectiveness and feasibility of iMBCT-I for patients with CID. Our primary hypothesis
was that patients would demonstrate significant improvements in insomnia symptoms upon completion of the interven-
tion and exhibit good attendance to the 8-week iMBCT-I program. Findings from this study may provide empirical
support for the clinical application of iMBCT-1, expand therapeutic options for insomnia, and contribute to the future
development of self-guided iMBCT-I programs.

Materials and Methods
This trial was approved by the Tongji Hospital of Tongji University Institutional Review Board (No. 2024-013) and has
been prospectively registered at the Chinese Clinical Trial Registry (https://www.chictr.org.cn), registration number:

ChiCTR2400084300. The study protocol was published previously, and the results are reported in accordance with the
Consolidated Standards of Reporting Trials (CONSORT) 2010 statement (Supplementary Table 1).2?? Deviations of
methods from the original protocol and reasons are provided in Supplementary Table 2.

Randomization, Blinding, and Assessment Points
About 191 individuals showed interest and received the Mini International Neuropsychiatric Interview (MINI) via video
call with two psychiatrists independently to determine eligibility. About 82 participants met the eligibility criteria and
completed baseline assessments. They were then randomly assigned to the iMBCT-I group (n = 41) or the sleep hygiene
education (SHE) group (n = 41) using computer-generated random numbers. Allocation sequences were prepared by an
independent statistician and concealed using sealed, opaque, identical envelopes to ensure allocation concealment. The
study coordinator assessed baseline information and was not involved in the recruitment or assessment delivery.

This was an open-label trial. Participants could not be blinded to group assignment due to the nature of the
interventions. To minimize expectancy bias, participants were informed that both interventions were evidence-based
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approaches for improving sleep, without indicating which was expected to be superior. Intervention providers in both
groups were blinded to the study hypotheses. Data managers and statisticians conducting the analyses were blinded to
treatment allocation. Assessments were conducted online at week 0 (baseline), week 8 (primary endpoint for effective-
ness evaluation) and week 20 (follow-up).

Inclusion and Exclusion Criteria

Eligible participants were (1) 18-65 years with normal speech and cognitive function, (2) meeting the diagnostic
criteria of chronic insomnia disorder defined by the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5), as well as an Insomnia Severity Index (ISI) score over 14, (3) being willing to attend the whole
intervention program, (4) either maintaining a stable dosage and frequency throughout the study or discontinuing usage
for at least 2 weeks (washout period) before enrollment for those who using sleep medication, (5) voluntarily signing
the informed consent form.

Exclusion criteria included (1) inability to use online meeting applications or complete any assessment (eg ques-
tionnaires, sleep diaries); (2) life-threatening conditions (eg, suicidal ideation, cancer); (3) experiencing circumstances
which may affect compliance (eg, pregnancy, dementia, substance abuse); (4) progressive medical illnesses associated
with insomnia; (5) previously diagnosed with or currently suspected of psychiatric disorders; (6) conditions that could be
aggravated by sleep restriction (eg, uncontrolled hypertension, seizure disorders); (7) having night shift work or other
tasks disrupting sleep rhythm; (8) prior or future access to CBT, MBCT, or other mindfulness-based interventions; and
(9) other self-reported or diagnosed sleep disorders (eg, sleep apnea, restless leg syndrome, rapid eye movement sleep
behavior disorder or hypersomnia).

Intervention

Participants in the iMBCT-I group received eight weekly 1.5-hour group sessions delivered via Tencent Meeting,
a widely used and highly stable online meeting platform in China. We ensured virtually face-to-face interaction
among all participants by organizing two intervention groups of 20 and 21 members, respectively, considering that
Tencent Meeting can display video feeds of up to 25 participants per page. The program was adapted from the original
MBCT protocol by Segal et al, which was then tailored for chronic insomnia disorder by Wong et al, incorporating
mindfulness practices (eg, body scan, meditation, mindful stretching) alongside cognitive behavioral elements such as
sleep hygiene, sleep restriction, and stimulus control.'** The iMBCT-I program includes 8 sessions with more details
displayed in Supplementary Table 3. Participants were asked to complete daily homework, primarily consisting of

mindfulness practices, lasting 20-30 minutes each day. The iMBCT-I programs in both groups were primarily delivered
by a clinical psychologist with over three years of formal training in MBCT. A psychiatrist with over 20 years of clinical
experience in mindfulness-based interventions and CBT-I supervised the intervention throughout the study, ensuring
treatment consistency and fidelity across groups.

Participants in the SHE group received a 1.5-hour online session of sleep hygiene education based on the Sleep
Health Management Handbook of the Chinese National Health Commission.?* They were provided with standardized
information on the symptoms, prevalence, and consequences of insomnia, as well as practical lifestyle and behavioral
recommendations to improve sleep quality. Participants were allowed to revisit the materials after the session. The
session was led by another psychiatrist with over three years of CBT-I training.

Measurements
We collected demographic and control measures at baseline, including age, sex, marital status, educational background,
occupation, related clinical data (eg, body mass index, BMI), and lifestyle practices (eg, alcohol drinking and smoking).
The primary outcome was insomnia severity assessed with the ISI and insomnia remission.””> A total score of the
ISI below 8 points is defined as remission.”® Key secondary outcomes comprised five pre-specified parameters in
sleep diary: sleep onset latency (SOL), wakefulness after sleep onset (WASO), total sleep time (TST), sleep
efficiency (SE), and the number of awakenings. Other secondary outcomes included sleep quality assessed with
the Pittsburgh Sleep Quality Index (PSQI),>” depressive and anxious symptoms assessed with the Patient Health
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Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder 7-item scale (GAD-7), respectively,®®°

and quality of
life assessed with the 12-item Short Form Health Survey (SF-12).>°' The SF-12 contains two sub-scales: physical
component summary (PCS) and mental component summary (MCS), both of which were evaluated separately
throughout analysis in this study. The actigraphy (Huawei Band 8) collected data on WASO, TST, number of
awakenings, and duration of deep sleep, light sleep, and rapid eye movement (REM) sleep. This actigraphy device
utilizes the HUAWEI TruSleep™ sleep monitoring algorithm, which employs cardiopulmonary coupling (CPC)
technology, combining heart rate variability (HRV) data from high-frequency photoplethysmography (PPG) sensors
and three-axis accelerometer data to minimize motion interference. Previous validation conducted at Beth Israel
Deaconess Medical Center, Harvard Medical School, demonstrated that sleep state classification derived from this
actigraphy achieved an accuracy ranging from 79% to 92%, using electrocardiogram-based cardiopulmonary
coupling (ECG-based CPC) as the reference standard.*

Satisfaction with iMBCT-I arrangement was measured by a questionnaire that consisted of five items including
satisfaction with activity time, group leader, group size, group atmosphere, and homework assignments, along with
a single question “Would you like to recommend iMBCT-I to others in need? (Yes/No)”. Adherence to iMBCT-1 was
assessed by the number of sessions they have attended. Safety was evaluated by monitoring serious adverse events
(SAEs), which were defined as untoward medical events resulting in life-threatening situations, such as self-injurious
behaviors, suicide attempts, or hospitalization.*® There were no SAEs reported in this trial.

Sample Size

Based on the results of a large randomized controlled trial that compared the online CBT-I with SHE among individuals
with CID, the expected reductions in ISI scores were 7.7 for the iMBCT-I group and 3.1 for the SHE group, with
a pooled standard deviation of 5.5.** With a significance level of 0.05 and a power level of 0.9, the minimum sample size
was 30 participants per arm. Considering an anticipated dropout rate of 20%, we planned to recruit 80 participants in
total. During the actual recruitment process, several eligible participants enrolled at the same time, and therefore a total of
82 participants were eventually included.

Statistical Analysis

Statistical analyses were performed according to the intention-to-treat (ITT) principle, with missing data handled with the
last observation carried forward (LOCF) method. Analyses proceeded in three steps. First, descriptive statistics were
computed for all baseline demographic and clinical characteristics. Continuous variables were presented as mean +
standard deviation (SD), and categorical variables were summarized as frequencies and percentages n (%). Baseline
differences in demographics and other assessments between the iMBCT-I group and the SHE group were examined using
independent #-tests or chi-square tests. Second, outcomes at the primary time point (week 8) were evaluated.
Independent-sample t-tests or Mann—Whitney U-tests were used to compare between-group comparisons of the change
scores in sleep variables, depression, anxiety, and quality of life. Effect sizes were quantified using Cohen’s d (d),
calculated as the mean difference in mean change scores divided by the pooled standard deviation of those change
scores.”> Third, mixed effect maximum likelihood regressions (without imputing missing data using LOCF) were
employed to assess changes in these outcomes from week 0 to week 20. The baseline scores of outcomes were adjusted
as covariates in their models. Additionally, we replicated the analyses using per-protocol (PP) dataset to evaluate the
robustness of the results. Participants who completed at least four iMBCT-I sessions or the SHE program were included
in the per-protocol dataset.***” A two-tailed p < 0.05 was considered statistically significant. To adjust for multiple
comparisons, the significance level is set at a = 0.025 based on the Bonferroni correction for the primary outcome (the
change in the ISI total score and remission rate at week 8). For the family of five key secondary outcomes (SOL, Number
of awakenings, WASO, TST and SE in sleep diary), the significance threshold was corrected at & = 0.01. For other
secondary outcomes, we did not apply further correction, but reported effect sizes and confidence intervals. All analyses

were conducted using SPSS 26.0.
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Results

Participants Characteristics

Of the screened 191 participants from June to August 2024, 109 were excluded because of ineligibility (n = 91), refusing
participation (n = 8) and other reasons (n = 10). Eligible participants (n = 82) completed baseline assessments and were then
randomly assigned to either the iIMBCT-I or SHE groups. At week 8, almost all participants completed questionnaire assessment
(only one participants in the SHE group lost contact). At week 20, most participants in the iIMBCT-I group (n = 36) and the SHE
group (n = 35) completed questionnaire assessments. The majority of participants in the iMBCT-I group completed sleep diary
and actigraphy assessments, while the adherence was slightly lower in the SHE group (Supplementary Table 4). Participant

flowchart is displayed in Figure 1.

Screened or assessed for eligibility
Enrollment @=191)
Excluded (n=109)

| No meeting criteria (n=91)
"| Declined (n=8)
Other reasons (n=10)

A 4

Baseline assessment (T0) (n=82)

A 4

Randomized (n=82)

|
: !

Allocated to IMBCT-I (n=41) Allocation Allocated to SHE (n=41)

A 4 A 4

. . Completed post-intervention
Completed post-intervention

assessment at week 8 (T1) (n=41)
Lost to follow-up (n=0)

assessment at week 8 (T1) (n=40)
Lost to follow-up (n=1)

« Not possible to obtain contact (n=1)

A 4 A 4

Analyzed (n=41) ITT sample Analysis Analyzed (n=41) ITT sample

A A 4

Completed follow-up assessment at Follow-up Completed follow-up assessment at

week 20 (T2) (n=36) week 20 (T2) (n=35)
Lost to follow-up (n=5) Lost to follow-up (n=6)
« Not possible to obtain contact (n=4) « Not possible to obtain contact (n=3)
« Did not want to attend follow-up (n=1) » Did not want to attend follow-up (n=3)

A 4 A 4

Analyzed (n=41) ITT sample I Analysts ] Analyzed (n=41) ITT sample

Figure | Participant Flowchart.

Note: The CONSORT figure was adapted from Schulz KF, Altman DG, Moher D et al. CONSORT 2010 statement: updated guidelines for reporting parallel group
randomized trials. Ann Intern Med. 2010;152(1 1):726-732.PMID: 20335313. doi: 10.7326/0003-4819-152-11-201006010-00232.%"

Abbreviations: iMBCT-|, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia; SHE, Sleep Hygiene Education; ITT, intention-to-treat.
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Table 1 presents the baseline characteristics of participants. The average age of all 82 participants was 36.50 + 12.44.
There were 24 males (29.26%) and 58 females (70.73%). About 34 (41.46%) participants were married. Over half of the
participants in each group held a bachelor’s degree or higher. In terms of BMI, the majority of participants in both groups

fell within the normal weight range (iMBCT-I group: 65.85%; SHE group: 68.29%). Most participants were employed,

followed by students, with few retirees or unemployed individuals. At baseline, there were no significant between-group

differences in any demographic variables or scale scores (all p > 0.05).

Table | Participants’ Demographic and Clinical Characteristics at Week 0

Variables iMBCT-I (n = 41) SHE (n = 41) 2t p
Age, (mean * SD) 36.39 £ 11.93 36.61 £ 13.06 0.079 0.937
Sex, n (%)
Male 12(29.27) 12(29.27) 0 |
Female 29(70.73) 29(70.73)
Marriage, n (%) 0.201 0.654
Unmarried 23(56.10) 25(60.98)
Married 18(43.90) 16(39.02)
Educational background, n (%) 0.762 0.830
High school and below 2(4.88) 4(9.76)
Bachelor degree 25(60.98) 23(56.10)
Master degree and above 14(34.15) 14(34.15)
Alcohol drinking, n (%) 0.345 0.557
No 33(80.49) 35(85.37)
Yes 8(19.51) 6(14.63)
Smoking, n (%) 0.513 0.474
No 41(100.00) 39(95.12)
Yes 0(0) 2(4.88)
BMI, n (%) 0.477 0.788
Underweight (BMI < 18.5) 6(14.63) 4(9.76)
Normal weight (18.5 < BMI < 24) 27(65.85) 28(68.29)
Overweight/Obesity (BMI = 24) 8(19.51) 9(21.95)
Occupation, n (%) 2.836 0.491
Student 13(31.70) 12(29.27)
Employed 25(60.98) 23(56.10)
Unemployed 0(0) 3(7.32)
Retirees 3(7.32) 3(7.32)
ISI, score (mean * SD) 16.93 + 2.04 17.59 + 2.39 1.342 0.183
PSQI, score (mean £ SD) 11.32 £ 2.31 11.56 £ 2.05 0.506 0.614
PHQ-9, score (mean * SD) 824 + 3.22 8.12 + 3.21 -0.172 0.864
GAD-7, score (mean * SD) 6.02 + 3.48 6.66 + 3.96 0.771 0.443
SF-12, (mean % SD)
PCS, score 46.19 £ 7.55 48.10 + 6.74 1.210 0.230
MCS, score 40.77 £ 7.77 43.06 £ 9.22 1.218 0.227
Sleep diary, (mean £ SD)
SOL, minute 61.41 + 48.40 5491 + 3843 —0.674 0.502
Number of awakenings 1.37 £ 0.63 1.40 + 0.82 0.191 0.849
WASO, minute 3331 £21.71 41.95 = 19.84 1.880 0.064
TST, minute 36791 + 45.44 347.68 + 47.46 —-1.972 0.052
SE 0.80 £ 0.08 0.78 £ 0.08 —0.988 0.326
(Continued)
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Table | (Continued).

Variables iMBCT-I (n = 41) SHE (n=41) | /it P

Actigraphy, (mean * SD)
TST, minute 359.11 + 38.77 363.76 £ 41.92 | 0.521 0.604
Number of awakenings 1.33 £ 0.69 1.39 £ 0.83 0.401 0.689
WASO, minute 36.87 £ 1474 39.05 £ 21.03 0.544 0.588
Deep sleep duration, minute 87.61 £ 17.03 83.72 + 16.69 —1.042 0.300
Light sleep duration, minute 207.00 + 20.92 215.29 + 20.57 1.810 0.074
REM sleep duration, minute 64.50 + 21.56 64.74 + 20.35 0.051 0.960

Note: Some total percentages do not add to 100% due to rounding effects.

Abbreviations: iMBCT-, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia; SHE: Sleep Hygiene Education;
SD, standard deviation; BMI, Body Mass Index; ISI, Insomnia Severity Index; PSQI, Pittsburgh Sleep Quality Index; PHQ-9, Patient
Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder 7-item scale; SF-12, 12-item Short Form Health Survey; PCS,
Physical Component Summary; MCS, Mental Component Summary; SOL, Sleep onset latency; WASO, Wake time after sleep
onset; TST, Total sleep time; SE, Sleep efficiency; REM, Rapid eye movement sleep.

Effectiveness of iMBCT-l on Insomnia Severity After Intervention

At week 8, participants in the iIMBCT-I group demonstrated a greater reduction in ISI scores (mean + SD, 8.95 + 3.79)
compared with the SHE group (4.95 + 4.30), and the between-group difference was statistically significant [MD, 95% CI
=4.00 (2.22, 5.78), t = 4.469, p < 0.001, Figure 2A and Table 2]. The effect size was large [d, 95% CI = 0.99 (0.53,
1.45)].%> Insomnia remission (ISI < 8) rates also differed significantly between groups, with 56.10% (23/41) of
participants in the iMBCT-I group achieving remission, compared with 17.07% (7/41) in the SHE group (y° = —3.963,

p < 0.001), corresponding to an odds ratio of 6.21 (2.24, 17.23) (Table 2).

Effectiveness of iMBCT-I on Sleep Quality and Sleep Parameters After Intervention
From week 0 to week 8, participants in the iIMBCT-I group demonstrated a greater reduction in PSQI scores (mean =+ SD,
3.22 £ 2.65) compared with the SHE group (1.24 + 2.15), and the between-group difference was statistically significant
[MD, 95% CI = 1.98 (0.91, 3.04), t = 3.704, p < 0.001, Figure 2B]. The effect size was large (d = 0.82).

Results provided by the sleep diaries (Table 3) showed that compared with the SHE group, participants in the iMBCT-
I group had significantly greater decrease in SOL and WASO [MD, 95% CI = 27.07 (—43.67, —10.46), t = —3.244, p =
0.002, d =0.72; MD, 95% CI =—19.99 (-28.44, —11.53), t = —4.704, p < 0.001, d = 1.04, respectively]. And the IMBCT-I
group demonstrated a significant greater increase in SE than the SHE group [MD, 95% CI = 0.08 (0.05, 0.12), ¢ = 4.989,

ok
A 15— B i ok C 4- —— D 8- *
. T -3.22 T 2.44 6 —|_ 5.55
T al . 71 [L : | [
& 107 -8.95 2 &0 z
_1_-o. = = 4
= —r— I~ = <
= = = =
"5 Q0 -2 o 0 ;
— 5 wn o 2— ——
Z 54 495 £ HEREIR T {7 = 0.81
-1 T -2 i e o 1
0 T T 0 1 T =4 T T S — T
iMBCT-I SHE iMBCT-I SHE iMBCT-1 SHE iMBCT-I SHE

Figure 2 Comparison of the Mean Change Scores of ISI, PSQI, PCS, and MCS between the iMBCT-I Group and SHE Group from Week 0 to Week 8 (ITT analysis).
Note: (A) Changes in Insomnia Severity Index (ISI). (B) Changes in Pittsburgh Sleep Quality Index (PSQI). (C) Changes in physical component summary (PCS) of 12-item
short form health survey (SF-12). (D) Changes in mental component summary (MCS) of |2-item short form health survey (SF-12). Error bars represent standard errors;

*p < 0.05, ¥*p < 0.01, *p < 0.001.
Abbreviations: iMBCT-|, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia; SHE: Sleep Hygiene Education; ITT, intention-to-treat.
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Table 2 Effect Sizes for Primary Outcomes from Week 0 to Week 8 (ITT Analysis)

Outcome iMBCT-I SHE Between-Group Difference Effect Size P
(95% CI) (95% CI)

ISI change Mean * SD 895 % 3.79 | 495+ 4.30 4.00 (2.22, 5.78) d, 95% ClI = 0.99 (0.53, 1.45) < 0.001

Remission rate (ISI<8) n (%) | 23 (56.10) 7 (17.07) / OR, 95% CI = 6.21 (2.24, 17.23) | < 0.001

Note: Missing data were imputed using Last Observation Carried Forward (LOCF).
Abbreviations: ISI, Insomnia Severity Index; iMBCT-I, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia; SHE, Sleep Hygiene Education; ITT,
intention-to-treat; SD, standard deviation; 95% Cl, 95% Confidence Interval.

Table 3 Comparison of the Mean Change Scores of Sleep Diary and Actigraphy Parameters from Week 0 to
Week 8 (ITT Analysis)

Outcome iMBCT-I (n = 41) | SHE (n = 41) Between-Group t p
Mean (SD) Mean (SD) Difference (95% CI)

Sleep diary

SOL, minute —23.84(46.14) 3.23(26.92) —27.07(-43,67, —10.46) | —3.244 0.002

Number of awakenings | —0.16(0.61) 0.02(0.85) —0.18(—0.50, 0.15) -1.097 0.276

WASO, minute —18.81(22.62) 1.18(15.11) —19.99(—28.44, —11.53) | —4.704 <0.001
TST, minute 14.54(67.60) 2.06(42.28) 12.48(—12.30, 37.26) 1.003 0.319

SE 0.08(0.09) —0.01(0.07) 0.08(0.05, 0.12) 4.989 <0.001
Actigraphy

Number of awakenings | —0.22(0.52) —0.06(0.82) —0.16(—0.46, 0.15) —-1.032 0.305

WASO, minute —6.69(16.12) 4.63(19.66) —11.31(-19.22, -3.41) —2.850 0.006

TST, minute 36.03(33.13) 11.89(29.22) 24.14(10.41,37.87) 3.499 0.001

Note: Missing data were imputed using Last Observation Carried Forward (LOCF).

Abbreviations: iMBCT-, internet-delivered Mindfulness-Based Cognitive Therapy for Insomnia; SHE, Sleep Hygiene Education; ITT,
intention-to-treat; SD, standard deviation; SOL, Sleep onset latency; WASO, Wake time after sleep onset; TST, Total sleep time; SE, Sleep
efficiency; 95% Cl: 95% Confidence Interval.

p <0.001, d = 1.12]. However, no significant between-group differences were observed in the number of awakenings or
TST (p > 0.01).

Results collected from actigraphy (Table 3) showed that participants in the iMBCT-I group had significantly greater
decrease in WASO than those in the SHE group [MD, 95% CI =—11.31 (—19.22, =3.41), t = —2.850, p = 0.006, d = 0.63].
Besides, the iMBCT-I group exhibited a significantly longer TST compared to the SHE group [MD, 95% CI = 24.14
(10.41, 37.87), t = 3.499, p = 0.001, d = 0.77]. However, there were no significant between-group differences for the
number of awakenings [MD, 95% CI = —0.16 (-0.46, 0.15), t = —1.032, p = 0.305].

Regarding sleep architecture (Supplementary Table 5), actigraphy data indicated a significant increase in light and
REM sleep duration (minutes) in the iMBCT-I group (14.36 £ 26.04; 22.03 £ 17.68) compared to the SHE group (1.79 £
23.60, 6.98 £ 12.65), with a statistically significant between-group difference [MD, 95% CI = 12.56 (1.64, 23.49), ¢t =
2.289, p = 0.025, d = 0.51; 15.05 (8.30, 21.81), t = 4.434, p < 0.001, d = 0.98], respectively. However, no significant
differences in deep sleep duration were observed between the two groups [MD, 95% CI = —=3.47 (-9.46, 2.51), t =
—1.154, p = 0.252].

Effectiveness of iIMBCT-l on Quality of Life After Intervention

Compared with the SHE group, participants in the iMBCT-I group demonstrated greater improvement in both PCS [MD,
95% CI=4.01 (1.07, 6.95), t = 2.715, p = 0.008] and MCS [MD, 95% CI =4.74 (1.12, 8.36), t = 2.606, p = 0.011] scores
(Figure 2C and D). The values of Cohen’s d for PCS and MCS were 0.60 and 0.58, respectively, both indicating

a moderate effect.
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Effectiveness of iMBCT-1 on Depressive and Anxiety Symptoms After Intervention
After the intervention, the iMBCT-1 group showed a greater improvement in depressive symptoms (PHQ-9)
compared to the SHE group [MD, 95% CI = —1.98 (-3.69, —0.26), p = 0.024, d = 0.51]. However, the between-
group difference in anxiety symptoms (GAD-7) was not statistically significant (p = 0.839). Details were displayed
in Supplementary Figure 1.

Maintenance of the Effectiveness of iMBCT-I at Week 20 Follow-Up

Insomnia remission rates differed significantly between groups, with 48.78% (20/41) of participants in the iMBCT-I
group achieving remission, compared with 17.07% (7/41) in the SHE group (x° = 9.332, p = 0.002) from week 0 to week
20. To further evaluate whether the therapeutic effectiveness persisted over time, linear mixed-effects models including
data from week 0, week 8, and week 20 were performed (Supplementary Table 6). For the primary outcome, iMBCT-I

produced a significantly greater reduction in ISI scores compared to SHE across the 20-week follow-up (p < 0.025).
Superiority of iMBCT-I was also confirmed on all key secondary outcomes (SOL, number of awakenings, WASO, TST,
and SE in sleep diary; all p <0.01). As for other secondary outcomes, a significant group effect for PSQI (p < 0.001) was
observed, with large effect sizes at both Week 8 (d = —1.38) and Week 20 (d = —1.32). Besides, iMBCT-I group showed
significantly greater improvement on quality of life both physically (PCS: week 8, d = 0.83; week 20: d = 0.34) and
mentally (MCS: week 8, d = 0.61; week 20, d = 0.77). However, no significant group main effects were found for GAD-7
(p = 0.218) or PHQ-9 (p = 0.079). Actigraphy analyses indicated that the iMBCT-I group showed fewer number of
awakenings (p = 0.003, d = —0.65), shorter WASO (p < 0.001, d =—1.14), and longer REM sleep duration (p <0.001, d =
2.53) across the study period. However, the group x time interaction effect was not significant in all outcomes but TST
and light sleep duration in actigraphy, indicating that while the iMBCT-I group sustained its superior outcomes, the
trajectories of change over time were comparable between the two groups. The trend of changes between the two groups
from week 0 to week 20 is shown in the Supplementary Figures 2—4.

Attendance and Satisfaction with the iMBCT-I Program

In the iMBCT-I group, 16 (39.02%) participants completed all sessions, 31 (75.61%) attended at least six sessions. Five
participants attended fewer than four sessions primarily due to scheduling conflicts (n = 4) or difficulty with data
recording (n = 1). As shown in Table 4, more than three-quarters of participants reported satisfaction with the session
schedule, group size, group atmosphere, and homework assignments. Nearly all iMBCT-I participants (97.56%) were
satisfied with the group leader. Additionally, 90.24% indicated they would recommend this intervention to others in need.

Sensitive Analysis

We repeated the analyses above using the per-protocol dataset as sensitivity analyses. Except the “change in light sleep
duration” (a significant between-group difference was observed in the PP analysis), all results were consistent with those
from the ITT analysis, suggesting the robustness of the findings (Supplementary Table 7 and 8).

Table 4 Participants’ Satisfaction with Program Arrangement in the iMBCT-l Group (n = 41)

Arrangement Extremely Satisfied Neutral Unsatisfied Extremely
Satisfied n (%) n (%) n (%) n (%) Unsatisfied n (%)
Activity time 14 (34.15) 21 (51.22) 6 (14.63) 0 (0) 0 (0)
Group leader 20 (48.78) 20 (48.78) | (2.44) 0 (0) 0 (0)
Group size 21 (51.22) 17 (41.46) 3(7.32) 0(0) 0 (0)
Group atmosphere 21 (51.22) 17 (41.46) 3(7.32) 0 (0) 0 (0)
Homework assignments 18 (43.90) 14 (34.15) 9 (21.95) 0 (0) 0 (0)
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Discussion

To the best of our knowledge, this is the first randomized controlled trial to investigate the efficacy and feasibility of
a therapist-guided iMBCT-I in improving sleep-related parameters among people with CID when compared with sleep
hygiene education as a control group. At week 8, IMBCT-I showed a greater beneficial effect on insomnia severity than SHE,
with a significantly higher remission rate. And there were also significant improvements in sleep quality measured by PSQ], as
well as SOL, WASO, SE, REM duration, and quality of life in both physical and mental aspects. And these effects were
maintained throughout the 20-week follow-up. Besides, the iMBCT-I might have a tendency to decrease depressive and
anxiety symptoms during the 20-week period. With per protocol analyses, the results remained unchanged.

There are many theoretical models proposed to explain the pathophysiology of chronic insomnia, such as the
hyperarousal model and the cognitive model.>**° Among them, the integrative metacognitive model is particularly
relevant to our study, as it emphasizes a vicious cycle of cognitive and behavioral processes in initiating and maintaining
insomnia.'**° First, individuals excessively ruminate about sleep, which results in primary arousal (negative anticipatory
thoughts about potential daytime consequences of insomnia).*' This primary arousal could trigger negative emotions and
physiological activation, followed by secondary arousal (negative metacognitive evaluation or judgment of primary
arousal, which causes persistent distress and physiological hyperactivation).'**? Individuals may then engage in
excessive sleep monitoring and selective attention to cues related to falling asleep and gradually develop
a pathological demand for controlling or forcing sleep.** Finally, the negative and distorted cognition about insomnia,
such as overestimating the sleep impairment, can reinforce the maintenance of chronic insomnia.** Our iMBCT-I
program systematically provides mindfulness training to cultivate attitudes of present-moment awareness, non-
judgement, and acceptance, which enhance relaxation, resilience and emotional regulation. Meantime, CBT-I techniques
are incorporated to handle maladaptive sleep beliefs and promote scientific sleep behaviors. Therefore, it may break the
cycle of insomnia from multiple dimensions. First, mindfulness practices such as mindful breathing and body scanning
may reduce rumination by fostering experiential awareness. This may help individuals notice pre-sleep thoughts and
physiological arousal and prevents triggering the primary arousal.*>*® Second, iMBCT-I may influence the primary and
secondary arousal by cultivating attention control. The non-judgmental attitude toward sleep difficulties, combined with
cognitive restructuring techniques in CBT-1, may reduce catastrophic thoughts about sleep loss, such as worries about
poor performance the next day.*” Besides, the CBT-I components, including sleep hygiene education, sleep restriction
and stimulus control, may support healthier sleep habits and more adaptive cognitive—behavioral responses to poor
sleep.*® These may enhance individuals’ perceived control and confidence in sleep. Meanwhile, the acceptance compo-
nent of mindfulness practices may reduce the tendency to excessively monitor or force sleep.'® Although we attempt to
elaborate the potential mechanism of iMBCT-I through the integrative metacognitive model, this study cannot decide
which components worked for the short-term improvement versus maintenance of effects. Also, it should be noted that
the proposed mechanisms are theoretical rather than empirically tested in this study. Moreover, non-specific factors such
as therapist attention, group support, and expectancy effects cannot be ruled out.*’

A recent meta-analysis involving 13 trials comparing the effects of CBT-I, sleep medications and their combination
on CID reported a long-term remission rate of 41% for CBT-I, which was the highest among the three approaches.>
Another large-scale study in Finland involving 2,464 physician-referred patients with CID found that the remission rate
among completers of therapist-supported iCBT-I was 34%.”' By comparison, our study showed relatively higher
remission rates, with 56.10% at week 8 and 48.78% at week 20. This suggests iMBCT-I program should be
a promising intervention for CID with strong clinical efficacy. However, we should also be cautious about making direct
comparisons, as the study populations, intervention protocol, and follow-up time differ across studies.

This study indicates that iMBCT-I significantly reduced the perceived SOL and increased sleep efficiency. However,
the actigraphy in our study only initiated recording after sleep onset, which was unable to capture the pre-sleep time in
bed. Thereafter, the observed changes mainly reflected subjective reports. Besides, iIMBCT-I was found to reduce WASO
and increase the TST, with consistent results across sleep diary and actigraphy. Additionally, actigraphy results suggested
that iMBCT-I may influence sleep architecture by increasing REM sleep duration. Findings on sleep architecture should
be interpreted carefully, and polysomnography is needed for confirmation.>
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These results align with those of Wong et al, who found that eight weeks of face-to-face MBCT-I significantly
improved SOL, WASO, TST, and sleep efficiency in CID patients as assessed by sleep diaries.'* Similar results were also
reported in a randomized controlled trial of MBCT-I on breast cancer survivors with insomnia, where the sleep
parameters were recorded by actigraphy.” Besides, improvements of SOL and WASO were also observed in patients
with recurrent depression, as they were measured by the Bergen Insomnia Scale.>* Furthermore, a meta-analysis of 20
CBT-I studies showed sustained improvements in SOL, WASO, TST, and sleep efficiency compared with inactive
controls.” However, a meta-analysis of 330 insomniacs in 6 RCTs showed mindfulness meditation alone had no
significant effects on SOL, TST, WASO or sleep efficiency.’® A potential explanation for this discrepancy could be
the absence of core CBT-I components such as sleep restriction and stimulus control, which are critical for improving
sleep duration and consolidation.’’

Our results of follow-up at week 20 suggest that participants who received iMBCT-I continued to experience
improved sleep condition and quality of life after intervention. It indicates that iMBCT-I can also maintain these
improvements in the short term. The sustainability of treatment effects may suggest that iMBCT-I facilitates stable
behavioral and cognitive changes that support longer sleep health.’® However, due to the lack of follow-up data on
participants’ adherence to mindfulness or CBT-I practices after the intervention, it remains unclear whether the sustained
effects were attributable to the continued engagement in these practices or to the residual benefits of the 8-week program.

In this study, a significant reduction in depressive symptoms was observed in the iIMBCT-I group at week 8, whereas
the improvement in anxiety symptoms was not statistically significant. The trend appeared to reverse at the 20-week
follow-up, with only anxiety symptoms showing a tendency to alleviation. Given the mild baseline symptoms and
exclusion of more severe cases, the study is not powered to evaluate iMBCT-I as a treatment for depression or anxiety;
rather, it supports no worsening and some signal of improvement in these domains. Considering the high comorbidity and
bidirectional relationship between insomnia and mood symptoms, we adopted strict criteria to exclude participants with
significant depressive or anxiety symptoms, aiming to have a more precise examination of iMBCT-I’s efficacy for
insomnia.>® Previous studies indicate that many individuals with mood disorders present with insomnia as a primary
symptom.®® However, in our study, we did not observe deterioration in mood symptoms in either the iMBCT-I or SHE
groups, suggesting that timely intervention for insomnia, even through a simple approach as sleep education, can be
beneficial in preventing the exacerbation of mood symptoms.®® Additionally, our results revealed obvious improvements
in quality of life in the iMBCT-I group both post-intervention and at follow-up. This may stem from the mindfulness
components or could be secondary to improvements in sleep quality.®'*¢>

This trial has several strengths. First, it is one of the earliest to systematically develop and validate an internet-
delivered, therapist-guided mindfulness-based cognitive therapy for insomnia, which integrates CBT-I and mindfulness
training. This approach provides a novel solution to address the limitations of CBT-I efficacy. Additionally, the internet-
based, therapist-guided format may balance the accessibility, efficacy, and adherence. Second, the combination of multi-
dimensional objective and subjective assessments provides a comprehensive reflection of participants’ sleep conditions,
which can enhance the robustness of the findings.

However, there are also some limitations. First, participants were inevitably aware of their group assignments, which
may introduce bias in the self-reported-based outcomes. There was an implicit assumption that the treatment would result
in improvement, which could lead to an overestimation of effectiveness. Therefore, the expectancy effects cannot be
ruled out and should be considered when interpreting the findings. Future trials should incorporate explicit measures of
expectancy and credibility to better disentangle specific and non-specific treatment effects. Second, the duration of the
single-session SHE and the 8-week iMBCT-I intervention were not time-matched. This discrepancy suggested that some
of the observed effects of iMBCT-I could also be attributable to non-specific factors, such as increased attention by
therapists and support by group members, rather than the content of the intervention itself. Third, we did not collect the
frequency that participants practice their homework in the follow-up period, so it is hard to draw a conclusion on whether
the maintenance of effectiveness was attributed to the persistence of homework practices or the eight-week intervention.
Fourth, detailed information on medication class and dosage was not collected sufficiently for adjusted analyses.
Although medication use was either washed out prior to enrollment or required to remain stable throughout the
intervention period, unrecorded changes in medication use in response to symptom fluctuations during the trial may
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contribute to residual confounders for the outcomes. Fifth, the follow-up period was relatively short, so it remains unclear
how long the efficacy of iMBCT-I maintains. Sixth, small sample size relative to insomnia prevalence, characteristics of
participants and the requirement for high digital literacy in this trial may limit the generalizability of the findings.
Specifically, the relatively high educational level, high-functioning status with few comorbidities, exclusion of psychia-
tric conditions and urban (Shanghai) background of the participants may be associated with greater digital literacy,
technology acceptance, and adherence, which could have amplified engagement and treatment response in this digital
intervention. Seventh, the use of LOCF to handle missing data might introduce bias, as it can overestimate or under-
estimate treatment effects depending on dropout patterns and the missing data mechanism.®®> Additionally, LOCF can
underestimate the standard error and p values, increasing the risk of Type I error.®> These limitations should be
considered when interpreting the results.

Future research could consider expanding the sample size with a multi-center design to investigate the feasibility and
effectiveness of iMBCT-I across diverse demographic groups with a longer follow-up period. It is also worthwhile to
design a randomized controlled trial to test whether iMBCT-I is superior to iCBT-1.

Conclusion

The eight-week therapist-guided iMBCT-1 shows promising effects in reducing insomnia severity, improving sleep
quality and quality of life in adults with chronic insomnia. Patients showed high satisfaction and strong attendance,
and these benefits were maintained for at least 20 weeks. However, given the open-label design and the attention-
mismatched comparator, improvements in self-reported outcomes may reflect both specific treatment effects and non-
specific factors. Limitations such as treatment dose imbalance, sample characteristics and follow-up duration suggest
further large-scale and well-controlled trials with long-term follow-up before recommending widespread clinical
adoption.
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