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Background: Chronic pain (CP) often co-occurs with depression, but promising scalable interventions have been under-investigated.
We assessed the effectiveness of the virtually-delivered Sahaj Samadhi Meditation (SSM) program in reducing depressive symptoms
in people with CP and moderate depressive symptoms.

Methods: We conducted a randomized controlled trial comparing SSM to the Health Enhancement Program (HEP), an active control.
Participants were recruited from multiple sites in the Greater Toronto Area and virtually. Both 12-week programs were delivered
virtually in groups by appropriately trained facilitators. Depressive symptoms were assessed using the Patient Health Questionnaire
(PHQ-9) at baseline, 12 weeks, and 24 weeks. ClinicalTrials.gov registration number: NCT04039568.

Results: Of 108 participants enrolled, 89 were randomized to SSM (n=43) or HEP (n=46). Between-group differences for the PHQ-9
were not significant. Within-group mean differences for SSM were significant and greater than the minimal clinically important
difference at both 12 weeks and 24 weeks (—3.97 (95% CI —6.69 to —1.24) and —4.96 (—8.36 to —1.56), respectively), while within-
group mean differences were not significant for HEP.

Conclusion: This study suggests potential benefits of SSM for individuals with comorbid CP and depression. Future trials should
include larger sample sizes in non-pandemic conditions to better evaluate the effectiveness of SSM. Further research should also
explore pragmatic trial designs and the integration of mind-body interventions in clinical settings.
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Introduction

Chronic pain (CP) is a common and disabling condition affecting about 20% of North American adults.' CP, including
conditions such as fibromyalgia, arthritis, and chronic low back pain, is associated with a number of psychological
comorbidities such as major depression.* While the prevalence of major depression in the general population is estimated
at 8-10%,° people living with CP are disproportionately affected, with comorbid prevalence rates ranging from 23% in
primary care to 85% in other specialty settings.” ° The two conditions can also exacerbate one another, with evidence of

poorer well-being and functionality in those with both conditions compared to CP alone,'®"!

12,13

and CP increasing the
frequency and duration of depressive episodes.

Conventional interventions that are effective in treating each condition alone may be less effective in the presence of
both; for example, a recent study identified fewer functional benefits from antidepressant use in people with both
depression and CP, compared to those with depression alone.'”> A recent trial identified that virtually-delivery of
Acceptance and Commitment Therapy and Behavioral Activation Therapy for Depression for chronic low back pain
and comorbid depressive symptoms was effective in improving pain interference and pain catastrophizing, but did not
show improvements for depressive symptoms compared to treatment as usual.'* Furthermore, when examining the
broader evidence base, CP clinical trials that report depressive symptom outcomes often include people with CP that do
not meet criteria for major depression,'> which may substantially limit the real-world applicability of this evidence.
Likewise, few clinical practice guidelines for CP make recommendations for the management of comorbid depression
and, when such recommendations are made, they tend to draw from a very limited evidence base.'®

Mind-body interventions such as yoga, tai chi and meditation have been increasingly investigated as treatments for
both CP and major depression, though separately. A recent guideline for CP management in primary care recommended
yoga and tai chi for the management of chronic low back pain and osteoarthritis, citing multiple meta-analyses.'’
Meditation practices have shown positive effects for depression,'® yoga has been recommended as adjunctive treatment
for depression management in a national clinical guideline,'® and a recent network meta-analysis demonstrated yoga as
having clinically important effects in improving depression, superior to that of SSRIs.?® Despite evidence and guidelines
recommending mind-body interventions for CP and depression separately, when considering comorbid depression in
people with CP, current evidence is limited and suggests small to moderate effects on depression symptoms.?' Thus, there
is a need for further research into effective interventions, including psychological, behavioral, and mind-body interven-
tions, that purposefully include those with comorbid CP and depression.

Virtually-delivered mind-body interventions have shown positive effects for improving CP,** as well as depression in
older adults.”® Virtual delivery allows for safe provision within the context of physical distancing and other pandemic
response measures, and may also address accessibility issues and provide opportunities for scale-up outside of such
contexts. However, digital access and digital literacy may present new barriers.”**> The implementation of programs
such as meditation, which can leverage expert instructors who are not part of the formal healthcare system, may also help
alleviate the existing strains on healthcare services. Specifically, the Sahaj Samadhi Meditation program was selected for
this trial because this program is already widely delivered globally by a single organization, following consistent
protocols across jurisdictions and delivered by expert certified instructors required to maintain teaching competency.
Thus, this program provides a unique opportunity, should it demonstrate effectiveness in this context, for scale and
spread.

The purpose of this study was to investigate the effectiveness of a virtually-delivered meditation program for people
living with CP and moderate depressive symptoms. We hypothesized that the 12-week group-based virtually-delivered
Sahaj Samadhi Meditation program would be more effective in reducing depressive symptoms compared to an education-
based active control.

Methods

Study Design

A parallel randomized controlled trial (RCT) with 1:1 allocation ratio was conducted to evaluate the effectiveness of
virtually-delivered Sahaj Samadhi Meditation, compared to the Health Enhancement Program as an active control, for
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improving depressive symptoms in people with chronic pain and significant depressive symptoms. All study participants
were blinded to study hypotheses to prevent expectancy bias. Given the nature of the interventions, participants could not
be blinded to intervention allocation. The study biostatistician was blinded to participant allocation. All data collection
after study screening was completed by participants through online surveys without involvement of study staff. Author
KF was a patient advisor for this study and was involved in the study’s conceptualization, design, and validation. The
study was conducted in accordance with the Declaration of Helsinki, registered at ClinicalTrials.gov (NCT04039568),
approved by the Mount Sinai Hospital research ethics board (MSH REB), Toronto, Canada, and follows the Consolidated
Standards of Reporting Trials (CONSORT) statement to report study findings.

Modifications to Original Trial Protocol

Modifications were made to the original study protocol?® in December 2019 to accommodate the rapidly decreasing
frequency of opioid prescribing for chronic pain in the communities in which the trial was being conducted. Specifically,
the inclusion criterion of being prescribed an opioid was removed, and the minimum age was reduced from 45 to 18
years. Additional major modifications were also made after March 2020 in response to the COVID-19 pandemic. The
original trial was planned for in-person delivery for both arms and so activities were paused due to the pandemic and
related local public health restrictions. In December 2020, all study activities and programs were revised for the
interventions to be delivered virtually through video calls and support additional communication through email. While
there was not an opportunity to formally conduct feasibility testing of virtual-delivery, the Sahaj Samadhi Meditation
program was being widely delivered in the community virtually during the pandemic, and continued to be delivered in
this way to promote accessibility after public health restrictions were lifted. Eligibility criteria were revised to include
access to the internet and ability to participate in video calls, and additional sites were also added to support recruitment
which was made feasible by virtual delivery. All trial participants participated in the same, modified protocol.
Modifications were approved by MSH REB, and captured in the protocol registration and the CONSERVE-
CONSORT extension guideline (Supplemental file, Part 1).

Study Participants

Study recruitment took place from April 2021 to November 2022 using the following inclusion criteria: 1) 18 years of
age or older; 2) CP defined as self-reported pain in any body region for at least 3 months with no specification for
severity;®’ 3) moderate depressive symptoms (Patient Health Questionnaire-9 (PHQ-9) score > 10, <20); 4) ability to sit
for 20-25 minutes without significant discomfort; 5) understanding of English language; 6) regular access to internet and
video calling.

Individuals were excluded for: 1) major mental health condition including history of psychosis or bipolar disorder,
current severe depression (PHQ-9 > 20), risk of imminent suicide, or active substance use disorder using the Mini
International Neuropsychiatric Interview (MINI); 2) current participation in another mind-body intervention; and 3)
inability to provide informed consent. Individuals with current severe depression were excluded so as to not expose them
to potentially ineffective interventions in a context where well-established treatments for the management of depression
are available.

Study Procedures and Randomization

Participant recruitment was supported by three community pain clinics; three academic primary care teams; and three
chiropractic college sites all in the Greater Toronto Area, Ontario, Canada. Frontline administrative, nursing and medical
staff within patients’ circle of care referred potential participants to the study at three of the sites. At all sites, study
promotional materials (through websites and emails for virtual visits and the posters and brochures for in person visits)
were made available to potential participants. These physical promotional materials were also distributed to over 30
independent community sites that provide care for people with chronic pain such as pharmacies, health centers, and
rehabilitation clinics. A website with study information was also created and shared in virtual spaces, including online
peer-support groups for people with chronic pain in Canada. All study materials emphasized that both study arms might
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be useful for improving mood in order to blind participants to trial hypotheses. Research ethics board approvals were
obtained from all applicable institutions for respective recruitment methods.

Potential participants were screened for eligibility by study staff via video call, and then given at least 24 hours to
review study documents before consenting to participate in the trial. Participants were randomized to the intervention or
active control group by simple 1:1 random allocation. A randomization sequence was generated with Microsoft Excel
and was managed and controlled by study staff that were not involved in other procedures of the trial. These study staff
assigned a specified unique code to each participant to enable tracking. When a participant was successfully enrolled into
the study, the next allocation in the sequence was revealed to the study coordinator to allow for scheduling. The study
coordinator provided as needed logistical and technical support for delivery of the cohorts, but did not have any direct
role during outcome assessment or other data acquisition.

Interventions

Participants were asked to attend a 12-week meditation or education program. There was no interaction between
participants from different arms as part of the trial, reducing the possibility of intervention diffusion. As described
below, the Health Enhancement Program (HEP) has been developed as an active control in research settings for mind-
body interventions, so both programs included a training week with 4 sessions in the first week (2 hours/day), then
weekly reinforcement sessions for 11 weeks (75 minutes/week) as well as expected daily practice of the meditation
technique or other activities for the control arm. Thus, total contact time for both arms was 8 hours for week one and
13 hours and 45 minutes through the follow-up periods. Home practice without facilitator contact was encouraged for
both groups, suggesting up to a total of 40 minutes per day through the study period. Both program sessions were
conducted virtually through video calls in small groups with 1-2 program facilitators (2 facilitators if there were more
than 5 participants in a program cohort). No equipment or materials were required to participate beyond access to video
calling from a secure and private location. Participants were reminded of program sessions and home practice by email,
text message, or phone call by the study coordinator. Program facilitators reported any modifications made to program
delivery.

Intervention: Virtually-Delivered Sahaj Samadhi Meditation (SSM)

Participants attended the standardized Sahaj Samadhi Meditation program for depressive populations. This protocol
includes a longer version of the program taught in the community, in order to accommodate the comparably greater
illness burden in the study population.”® SSM is a form of meditation that requires neither concentration nor vigilant
attention, but involves relaxed attention to a particular sound (mantra). The program was delivered by certified
meditation teachers from the non-profit Art of Living Foundation. On day one, participants learned about the nature of
meditation and then learned meditation through individual guidance from the instructor. Training on days two to four
included understanding the nature of the mind and the thoughts arising from it, meditation guided by the teacher, and
discussions of what is correct and incorrect meditation practice. Participants learned how to respond to experiences that
arise in meditation and discussed what enhances or detracts from effective meditation. Instructions for an independent
home practice of meditation were also provided and reviewed. Participants were encouraged to practice Sahaj Samadhi
Meditation for twenty minutes twice daily at home. In addition, weekly 75-minute reinforcement sessions included
20 minutes of meditation practice guided by the instructor, and then focused on participants’ experiences with
independent home practice of meditation during the week, additional observations, and a review of relevant knowledge
to support their practice at home.

Control: Virtually-Delivered Health Enhancement Program (HEP)

The HEP has been designed and used as a manualized active control in other meditation-based intervention trials.**?
The program was delivered by regulated healthcare providers with formal training by an experienced HEP facilitator.
HEP is an education program that aims to control for several non-specific factors found in meditation programs,
including: group support and morale, behavioral activation, reduction of stigma, facilitator attention, treatment duration,

and time spent on at-home practice (adapted from a published manual®® to match the schedule of SSM). HEP was
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tailored to be structurally equivalent to SSM with similar-sized groups, meeting schedule, total contact hours, amount of
home practice and encouragement to keep practice logs. Instructions for home practice were provided weekly and
included a variety of activities such as keeping a hydration log, journaling, and poetry writing. Participants were taught
about health promotion, healthy diet, music, and exercise, but did not learn meditation. In HEP, participants received the
support of a group and facilitator, and talked through and attempted to implement positive health-enhancing life changes.

Measures

Demographics

Participants were asked to provide demographic information at baseline, which included age, gender, ethnic background,
employment status, housing type, highest level of education achieved, smoking status, caffeine intake, drug and alcohol
use, duration of pain, and pain diagnosis. Participants were also asked about psychiatric history including age of first
contact with mental health services for mental disorder (and which disorder) if any, history of hospital admissions, and
the number of previous episodes of depression.

Outcomes

Outcome measures were completed at baseline, 12 weeks (primary endpoint), and 24 weeks (secondary exploratory
endpoint). At each timepoint, participants completed self-reported questionnaires that measured depressive symptoms,
pain severity, health-related quality of life, and a medication log.

Primary Outcome

The primary outcome was change in depressive symptoms from baseline to 12 weeks. Depressive symptoms were
measured at each time point using the PHQ-9.>'*? The PHQ-9 is a well-validated and widely used self-report scale in
depression and chronic pain clinical care and research, with studies using both continuous and percent changes as
outcome measures.”> > A self-report scale was more feasible than an assessor-rated scale, given the virtual nature of the
study and multiple research sites. PHQ-9 scores range from 0 to 27, and scores from 0—4 suggest no depression, 5-9 mild
depression, 10-19 moderate depression, and 20-27 severe depression.’> We used estimates for minimum clinically
important difference (MCID) for the PHQ-9 of 2 units®® or 20%>’ change from baseline score.

Secondary outcomes
Pain severity and interference with function was measured using the Brief Pain Inventory (BPI) at each time point, with
12 weeks as the primary endpoint. The BPI is a validated self-report scale used in pain trials and clinical pain practice
and is a core outcome measure per the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) recommendations.>® The BPI ranges from 010, with higher scores indicating worse pain, and an MCID of
1 unit or 15-20% improvement from baseline.*

Health-related quality of life was measured at each time point using the 36-Item Short Form Survey Instrument (SF-

36), which has been validated as a measure for quality of life for people with chronic pain'%*%*!

and is recommended by
IMMPACT.*® This measure includes 36 items that evaluate 8 health domains which are scored on a range of 0 to 100,
with a higher score indicating a more favorable health state. Domain scores are calculated from averaging relevant item
scores.*> These eight domains are often grouped into two health dimension summary scores: the physical composite
score (role limitations due to physical problems, physical function, bodily pain, and general health perception) and the
mental composite score (role limitation due to emotional problems, social functioning, energy/fatigue, and emotional
well-being). Composite scores were calculated using a validated simple unweighted method which has been correlated
with other methods that use US norm means.*> The MCID of 10 points was used for the individual domains (ie, role
functioning and social functioning), and of 5 points for the composite scores (ie, physical functioning and emotional
functioning).**

Participants were also asked to complete a medication log at each timepoint to record any changes in medication use
and any participant-reported adverse events were monitored using a participant log, reporting directly to study staff, or to
study staff via reporting by the participants to the interventionists.

Journal of Pain Research 2025:18 hetps: 2929



Cheng et al

Implementation Evaluation

To inform future implementation of SSM in various contexts, participants were asked to report the days that they
completed their daily home SSM practice between weekly program sessions (ie as a measure of “dose”), their
perspectives on accessing virtual programs (at 12 weeks), and their practice at home by the time of last data collection
(24 weeks). Focus groups were also completed with the meditation teachers before and after the study to understand
(anticipated) barriers and enablers of the SSM program. This parallel implementation evaluation will be analyzed and
reported in further depth in a companion manuscript to this current evaluation of intervention effectiveness.

Sample Size Calculation and Statistical Analysis

The target sample size was calculated based on the primary outcome of change in depressive symptoms. The standard
deviation of the PHQ-9 is 5 units and we anticipated a 2.5-unit difference at 12 weeks between the intervention and
control groups based on available pilot data.® With a two-arm RCT, a two-sample #-test was used to calculate the sample
size to have at least 80% power to detect differences in PHQ-9 scores of 2.5 or larger at 5% type 1 error (alpha = 0.05).
The resulting estimated sample size was 64 participants in each arm. We increased the sample size by 25% to account for
dropouts, which is reasonable given an attrition rate of 13% seen in pilot data. Therefore, the target sample size for

recruitment and randomization was 160 participants, with 80 participants in each arm.

Data Analysis
Descriptive statistics were used for demographic characteristics and outcome measures. The distributions of primary and
secondary outcomes were also examined for normality. A longitudinal data analysis approach was used to assess
between-group changes (difference between two groups at each time point) and within-group changes (change over
time within each arm), while these comparisons were adjusted for the correlation among the repeated measures and
potential confounders (such as age, gender, ethnicity, and employment status). We used a Random Effect linear
regression model (random intercept) with unstructured covariance structure to account for the repeated measures within
participants.*> Time was coded as class/categorical variable in the model. For the primary analysis, time has only two
values baseline and 12 weeks. A post-hoc responder analysis was conducted to examine the clinical significance of
changes in PHQ-9 scores and Fisher’s exact test was used to examine associations between PHQ-9 responders and non-
responders and participant demographic characteristics.

We conducted both intention-to-treat (ITT) and per protocol analyses. Since results did not differ across analyses, we
report the ITT analysis below and include the per-protocol analyses results tables in Supplemental file, Part 2. There were

no pre-specified subgroup analyses.

Results

Participants

From April 2021 to November 2022, 510 potential participants were referred to the study, of which 147 were consented
and screened for eligibility. A total of 108 participants met criteria and were enrolled in the study. Because of significant
trial changes due to the COVID-19 pandemic, and resulting trial resource limitation, recruitment was stopped before
reaching the target sample size. Of the 108 participants, 52 were randomly allocated to SSM, and 56 to HEP (Figure 1).
Nineteen participants (9 in SSM and 10 in HEP) did not begin the trial programs, so in total, 43 and 46 participants
participated in SSM and HEP, respectively. Cohorts for both arms were run between June 2021 and February 2023, with
final data collection completed in May 2023.

At baseline, the mean participant age was 50.8 years (SD=13.3), with the majority of study participants being women
(84%). Mean duration with chronic pain was 11.9 years (SD=11.6). The most common primary chronic pain conditions
were general chronic pain (23.2%), axial pain such as chronic low back pain (17.6%), and arthritis (14.8%) (Table 1).
The follow-up rate for outcomes were 90.9% and 86.8% at 12 weeks, and 66.7% and 55.3% at 24 weeks, for SSM and
HEP groups, respectively.
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Figure | Participant flow diagram.
Abbreviations: HEP, Health Enhancement Program; n, sample size; PHQ-9, patient health questionnaire; SSM, Sahaj Samadhi Meditation.

Program Modifications

In total, 27 program cohorts were carried out (14 SSM, 13 hEP), with 16 that completed programs within the standard 12-
week duration. Seven cohorts were extended by 1 week and 4 cohorts were extended by 2 weeks in order to
accommodate holidays and absences due to illness. Two cohorts experienced participant dropout to the point where
one participant remained; these cohorts continued so as to not create undue burden for the remaining participant to restart
in another cohort.
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Table | Demographic and Baseline Characteristics of Study Participants (n = 89)

Characteristic Total SSM (n=43) HEP (n=46)
Demographics, n (%) unless specified otherwise
Age (mean years * SD) 50.80 + 13.26 513 %1224 50.34 + 14.28
Gender
Women 75 (84.27) 35 (81.40) 40 (86.96)
Men I (12.36) 6 (13.95) 5 (10.87)
Other 3(337) 2 (4.65) | (2.17)
Ethnic Origin
African 3(3.37) 2 (4.65) I (2.17)
Asian 14 (15.73) 7 (16.28) 7 (15.22)
Caribbean 3 (3.37) I (2.33) 2 (4.35)
European 51 (57.30) 25 (58.14) 26 (56.52)
Latin, C., S. American 5 (5.62) 3 (6.98) 2 (4.35)
Middle Eastern 3(3.37) 2 (4.65) 1 (2.17)
Mixed 3(337) 1 (2.33) 2 (4.35)
N. American Aboriginal 2 (2.25) 1 (2.33) 1 (2.17)
Oceania 1 (1.12) 0 (0.00) 1 (2.17)
Other N. American 4 (4.49) 1 (2.33) 3 (6.52)
Employment Status
Working 48 (53.93) 24 (55.81) 24 (52.17)
Not working 28 (31.46) 14 (32.56) 14 (17.39)
Retired 13 (14.61) 5(11.63) 8 (30.43)
Private Insurance
Yes 56 (62.92) 23 (53.49) 33 (71.74)
No 32 (35.96) 19 (44.19) 13 (28.26)
Not Sure I (1.12) I (2.33) 0 (0.00)
Living situation
Alone 22 (24.72) Il (25.58) 11 (23.91)
With family 59 (66.29) 29 (67.44) 30 (65.22)
Other 8 (8.99) 3 (6.98) 5(10.87)
Monthly household finances
Some money left over 28 (32.18) 10 (23.81) 18 (40.00)
Just enough to make ends meet 31 (35.63) 18 (42.86) 13 (28.89)
Not enough to make ends meet 15 (17.24) 6 (14.29) 9 (20.00)
(Continued)
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Table | (Continued).

Characteristic Total SSM (n=43) HEP (n=46)

Pass question 13 (14.94) 8 (19.05) S5
Highest level of education completed

Less than secondary 2 (2.25) 2 (4.65) 0 (0.00)

Completed secondary 10 (11.24) 4 (9.30) 6 (13.04)

Some college courses 7 (7.87) 3 (6.98) 4 (8.70)

Completed college 22 (24.72) 15 (34.88) 7 (15.22)

Some university courses 6 (6.74) 4 (9.30) 2 (4.35)

Completed university (bachelor) 27 (30.24) 12 (27.91) 15 (32.61)

Post-graduate programs 15 (16.85) 3 (6.98) 12 (26.09)
Current smoker (yes) 8 (8.99) 3 (6.98) 5 (10.87)
Recreational drug use in the past year

No 62 (69.66) 34 (79.07) 28 (60.87)

Less than once a week 12 (13.48) 4 (9.30) 8 (17.39)

Yes 15 (16.85) 5(11.63) 10 (21.74)
Alcohol use (yes) 44 (50.00) 19 (44.19) 25 (55.56)
Reported psychiatric conditions

Depression only 56 (62.92) 28 (65.12) 28 (60.87)

Depression and other psychiatric condition(s) 33 (37.08) 15 (34.88) 18 (39.13)
Duration with chronic pain (mean years + SD) 11.86 £ 11.56 10.75 + 12.06 1290 £ 11.10
Number of Pain Conditions

One 48 (53.93) 21 (48.84) 27 (58.70)

More than one 41 (46.07) 22 (51.16) 19 (41.30)
Primary chronic pain condition*

Arthritis 21 (14.79) 9 (12.50) 12 (17.14)

Axial 25 (17.61) 17 (23.61) 8 (11.43)

Chronic Pain 33 (23.24) 18 (25.0) 15 (21.43)

Fibromyalgia 18 (12.68) 6 (8.33) 12 (17.14)

Headache/Migraine Il (7.75) 6 (8.33) 5(7.14)

Musculoskeletal 20 (14.08) 9 (12.50) Il (15.71)

Neuropathic 12 (9.86) 7 (9.72) 7 (10.00)
Clinical characteristics (mean * SD)

PHQ-9 (range 0-27) 15.23 + 4.48 15.67 + 4.60 14.83 + 4.4

BPI Severity (range 0-10) 592+ 1.78 6.31 = 1.85 5.57 = |.67

(Continued)
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Table | (Continued).

Characteristic Total SSM (n=43) HEP (n=46)
BPI Interference (range 0—10) 6.43 + 1.94 6.65 + 1.76 6.21 £ 2.11
SF-36 Physical Composite** (range 0—100) 25.46 + 13.66 25.85 11.85 25.09 + 15.28
SF-36 Mental Composite™* (range 0—100) 2324 £ 1191 2244 £+ 11.94 23.99 + 11.97

Notes: *Counts are not cumulative as multiple answers could be selected. **Composite scores are computed as simple unweighted averages as described by
Andersen:*? Physical = physical role functioning, physical functioning, pain, general health; Mental = emotional role functioning, social functioning, energy/fatigue,
emotional well-being.

Abbreviations: PHQ-9, Patient Health Questionnaire; BPI, Brief pain inventory; SF-36, 36-Item Short Form Survey Instrument.

Primary Outcome: Depressive Symptoms

PHQ-9 scores improved for participants in both arms and there were no significant between-group differences at either
12 weeks (mean difference (MD) adjusted for repeated measures of —0.70, 95% Confidence Interval (CI) —4.53 to 3.13)
or 24 weeks (MD adjusted for repeated measures of —2.28, 95% CI —6.81 to 2.25) for the PHQ-9 (Table 2, Figure 2).
There were no important changes in outcomes with adjustment for potential confounders. Reliability of the PHQ-9 was
acceptable for both arms at all study points (Supplemental file, Part 3).

For SSM, mean PHQ-9 scores decreased from 15.67 at baseline to 11.76 at 12 weeks, a significant adjusted within-
group mean difference of —3.92 (95% CI —6.65 to —1.20), and was also significantly reduced at 24 weeks with an
adjusted within-group mean difference from baseline of —4.75 (95% CI —8.15 to —1.30) (Table 3). For HEP, PHQ-9
scores decreased from 14.83 to 12.40 from baseline to 12 weeks, a non-significant within-group mean difference of —2.38
(95% CI —5.21 to 0.46) and subsequently increased at 24 weeks to 13.04, a non-significant mean difference from baseline
of =1.63 (95% CI —4.76 to 1.51).

Post-Hoc PHQ-9 Responder Analysis

While the between-group mean difference from baseline to 24 weeks was greater than the MCID of 2 in favor of the
SSM group, when examining changes in PHQ-9 score of 2 points or greater from baseline to 24 weeks, differences in
proportion between SSM and HEP was not significant (p=0.263) (Figure 3). Twelve of 19 (63.2%) SSM participants
reported a reduction of 2 points or greater compared to 9 (39.1%) of HEP participants. Only 3 of 19 (15.8%) SSM
participants showed an increase in symptoms by 2 points or greater compared to 8 (34.8%) HEP participants. Four
(21.0%) SSM participants and 6 (26.1%) HEP participants showed less than a 2-point change from baseline.

Likewise, analyzing for a change of 20% or greater at 24 weeks, differences between SSM and HEP were marginally
significant (p=0.076). Ten (52.6%) SSM participants reported at least a 20% decrease in symptoms, compared to 8
(34.8%) HEP participants. Only 1 (5.3%) SSM participant reported a greater than 20% increase in PHQ-9 scores
compared to 8 (34.78%) HEP participants.

At 24 weeks, HEP responders were more likely to be employed than non-responders (p=0.008, response >2-points;
p=0.003, response >20%), and we did not identify any differences between responders and non-responders in the SSM
group. At 12 weeks, we did not identify any differences between responders and non-responders in the HEP group. In the
SSM group, responders were more likely to be employed (p=0.034, response >20%) and not use recreational drugs
(p=0.016, response >2-points) (Supplemental file, Part 3).

Secondary Outcomes

At both outcome timeframes, for pain severity there were minimal changes all below MCID in both groups and no
significant between-group differences (Table 2). Effects for pain interference were slightly larger for both groups, with
some within-group effects approaching the MCID for both groups (Table 3).
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Table 2 Results for Primary and Secondary Outcomes with Adjusted Between-Group Mean Differences (n = 89)

SSM HEP Mean Difference (95% CI)
Outcome (Score n Mean * SD n Mean = SD Adjusted for Repeated Measures P Adjusted for Repeated Measures and P
Range) and Only* Confounders*
Timeframe
PHQ-9 (0-27) Depressive symptoms, higher score indicates greater severity; negative mean difference favour SSM; MCID 2 units [3] or 20% [18]
Baseline 43 | 15.67 £ 456 46 | 14.83 £ 4.40 0.85 (—2.50, 4.20) 0.977 | 0.67 (—2.63, 3.96) 0.992
12 weeks 34 | 11.76 £ 6.21 30 | 1240 + 6.20 —0.70 (—4.53, 3.13) 0.995 | —0.73 (—4.50, 3.04) 0.993
24 weeks 19 | 11.00  6.18 23 | 13.04£7.17 —2.28 (—6.81, 2.25) 0.690 | —2.53 (-7.00, 1.94) 0.571
BPI (0-10)Pain severity, higher score indicates worse pain; negative mean difference favours SSM; MCID | unit or 15-20% [9]
Baseline 43 | 631 £ 1.85 46 | 557 = 1.67 0.74 (-0.40, 1.89) 0416 | 0.84 (—0.26, 1.94) 0.241
12 weeks 32 | 625212 30 | 525+ 1.78 0.88 (—0.39, 2.15) 0.341 | 091 (-0.32, 2.14) 0.266
24 weeks 21 | 6.23 £2.09 22 | 4.86 £ .66 0.92 (-0.49, 2.33) 0.406 | 0.93 (—0.43, 2.30) 0.360
BPI (0-10) Pain interference, higher score indicates greater interference; negative mean difference favours SSM; MCID | unit or 15-20% [9]
Baseline 43 | 6.65 % 1.76 45 | 6.21 £ 2.11 0.41 (-0.98, 1.81) 0.955 | 0.32 (—0.99, 1.63) 0.980
12 weeks 31 | 6.08 24| 30 | 5.16 £2.09 0.94 (-0.64, 2.51) 0.519 | 0.92 (-0.58, 2.41) 0.480
24 weeks 21 | 597 £3.20 21 | 551 £2.72 0.19 (-1.59, 1.98) 1.000 | 0.08 (—1.62, 1.78) 1.000

SF-36 (0-100)**Health-re

lated quality of life, higher score indicates higher quality of life; positive mean difference favours

SSM; MCID 5 units for composite scores, and 10 for individual domains [50]

Physical Composite

Baseline 43 | 2585+ 11.85 | 46 | 25.09 + 1528 | 0.76 (—9.35, 10.88) 1.000 | 1.0l (-8.17, 10.19) 1.000
12 weeks 30 | 32.85 + 18.83 30 | 3411 £ 1734 | —0.22 (—11.90, 11.45) 1.000 | 0.54 (—10.26, 11.34) 1.000
24 weeks 16 | 31.05 + 23.81 18 | 3521 £21.35 | 0.79 (—13.61, 15.20) 1.000 | 2.28 (—11.28, 15.85) 0.996
Physical role limitations
Baseline 43 | 291 £9.77 46 | 8.15 £ 22.39 —5.25 (—20.59, 10.09) 0918 | —4.65 (—19.50, 10.20) 0.942
12 weeks 30 | 15.00 £29.80 | 30 | 21.94 £ 30.68 | —6.58 (—25.14, 11.97) 0.905 | —5.02 (—23.19, 13.16) 0.966
24 weeks 16 | 21.88 + 31.46 17 | 16.18 £ 34.17 | 6.78 (—17.98, 31.54) 0.967 | 10.55 (—13.78, 34.87) 0.804
(Continued)
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Table 2 (Continued).

SSM HEP Mean Difference (95% CI)
Outcome (Score n Mean * SD n Mean = SD Adjusted for Repeated Measures P Adjusted for Repeated Measures and p
Range) and Only* Confounders*
Timeframe
Physical functioning
Baseline 43 | 42.02 £ 2444 | 46 | 34.16 £ 23.78 | 7.86 (-7.36, 23.08) 0.663 | 7.07 (-5.73, 19.86) 0.595
12 weeks 30 | 47.63 £26.75 | 30 | 42.00 + 23.36 | 8.26 (—8.06, 24.58) 0.681 | 823 (-5.79, 22.26) 0.529
24 weeks 16 | 38.75 £ 30.69 17 | 47.06 £ 26.44 .16 (—=17.21, 19.53) 1.000 | 1.73 (—14.57, 18.02) 1.000
Pain
Baseline 43 | 23.14 £ 1323 | 45 | 2856 + 16.88 | —5.42 (—16.06, 5.23) 0.676 | —5.90 (—16.13, 4.32) 0.547
12 weeks 30 | 2.09 £ 19.92 28 | 37.50 £ 17.32 | —5.20 (—17.94, 7.55) 0.841 | —5.09 (—17.41, 7.23) 0.833
24 weeks I5 | 27.83 £ 23.73 17 | 3824 £ 20.11 —6.12 (—22.61, 10.38) 0.888 | —4.72 (—20.74, 11.31) 0.955
General health
Baseline 43 | 3535£2039 |46 | 30.11 +£17.23 5.24 (-6.69, 17.17) 0.796 | 5.88 (—5.49, 17.25) 0.661
12 weeks 30 | 3.20 + 22.38 30 | 37.50 £ 19.15 | 0.84 (—12.10, 13.77) 1.000 | 1.27 (-11.12, 13.67) 1.000
24 weeks 17 | 36.76 £ 22.08 I8 | 45.00 £ 20.29 | -0.71 (—15.29, 13.88) 1.000 | —0.18 (—14.27, 13.90) 1.000
Mental Composite
Baseline 43 | 2244 £ 1194 | 46 | 2399 £ 1197 | —1.56 (-11.72, 8.61) 0.998 | —0.88 (—10.72, 8.97) 1.000
12 weeks 30 | 32.85 +20.23 30 | 3274+ 1925 | 0.37 (—11.63, 12.36) 1.000 | —0.17 (—11.89, 11.54) 1.000
24 weeks 16 | 34.46 + 23.78 17 | 3572 £20.79 | —-0.70 (-16.12, 14.72) 1.000 | —0.32 (—15.45, 14.81) 1.000
Emotional role limitations
Baseline 43 | 1085 +£22.68 | 46 | 8.70 + 16.38 2.16 (—14.82, 19.14) 0.999 | 2.67 (—13.98, 19.32) 0.997
12 weeks 30 | 23.33 £34.07 | 30 | 1889 £ 33.54 | 4.74 (—15.87, 25.35) 0.985 | 4.03 (—16.40, 24.45) 0.992
24 weeks 16 | 29.17 + 38.25 17 | 17.65 £ 31.44 10.83 (—16.84, 38.49) 0.863 | 12.55 (—14.89, 39.99) 0.766
Social functioning
Baseline 43 | 2849 £ 1876 | 46 | 30.71 £ 19.67 | —2.22 (—15.62, 11.19) 0.997 | —0.78 (—13.59, 12.04) 1.000
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12 weeks 30 | 22.08 + 23.43 30 | 39.58 £ 24.14 | —1.08 (—16.53, 14.37) 1.000 | —0.39 (—15.30, 14.53) 1.000
24 weeks 16 | 35.16 + 28.22 17 | 41.91 £23.36 | —2.20 (-21.45, 17.05) 0.999 | —0.98 (—19.73, 17.76) 1.000
Energy/fatigue

Baseline 43 | 17.13 £ 1266 | 45 | 18.63 = 14.17 | —1.50 (—11.88, 8.88) 0.998 | —1.88 (—12.02, 8.26) 0.994
12 weeks 30 | 2433 £ 1823 29 | 2741 £20.64 | —2.91 (-15.09, 9.27) 0.982 | —4.13 (—16.04, 7.79) 0914
24 weeks 16 | 27.50 + 22.36 17 | 31.57 £21.58 | —1.03 (—16.41, 14.36) 1.000 | —1.80 (—16.96, 13.36) 0.999
Emotional well-being

Baseline 42 | 3407 £ 1693 | 45 | 3920 + I5.17 | —4.84 (-15.94, 6.26) 0.800 | —5.04 (—15.66, 5.58) 0.737
12 weeks 30 | 23.73 £20.06 | 29 | 30.71 £ 19.67 | —2.10 (—14.85, 10.65) 0.997 | —3.39 (—15.61, 8.83) 0.965
24 weeks 16 | 46.00 + 20.8I 17 | 2856 + 16.88 | —9.37 (-25.11, 6.38) 0.513 | —10.2 (—25.42, 5.03) 0.379

Notes: *Adjustment for repeated measures used a random intercept model. ** Composite scores are computed as simple unweighted averages as described by Andersen:*? Physical = physical role limitations, physical functioning, pain,

general health; Mental = emotional role limitations, social functioning, energy/fatigue, emotional well-being.

Abbreviations: BPI, brief pain inventory; Cl, confidence interval; HEP, Health Enhancement Program; MCID, Minimal clinically important difference; n, sample size; p, p-value; PHQ-9, patient health questionnaire; SF-36, 36-Item Short

Form Survey Instrument; SD, standard deviation; SSM, Sahaj Samadhi Meditation.
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PHQ-9 adjusted mean change scores and 95% Cl —8—SSM —X- HEP

> 20 = severe depression

PHQ-9 Score

< 9 = mild or no depression

Baseline 12 weeks 24 weeks
Timepoint

Figure 2 PHQ-9 adjusted mean change scores and 95% CI. Means are adjusted for repeated measures using a random intercept model.
Abbreviations: Cl, confidence interval; HEP, Health Enhancement Program; SSM, Sahaj Samadhi Meditation

For quality of life, there were no significant between-group differences for the physical or mental composite scores
(Table 2). Both groups showed significant within-group improvements for the mental composite scores at both time
points, approximating the MCID of 10. Within-group physical composite score changes were not as large.

Medication data were incompletely reported across the trial. Complete medication log data was available at baseline
and 12 weeks for 60 participants, and 44 (73.3%) did not report changes in medications, 21 (70.0%) from SSM and 23
(76.7%) from HEP.

No adverse events were reported for either SSM or HEP groups.

Discussion

Summary and Interpretation of Findings
This RCT is one of the first to examine the effect of a virtually-delivered mind-body intervention on depressive
symptoms as a primary outcome among people living with chronic pain and significant depressive symptoms. Both
arms demonstrated improvement for depressive symptoms, and this trial did not demonstrate effectiveness of SSM over
HEP. The primary outcome at 12 weeks showed a mean difference of —0.70 (95% CI —4.53 to 3.13). This change in
depressive symptoms was also reflected in improvements for both arms in the composite mental quality of life scores.
HEDP, as an active control, includes elements such as journaling, nutrition education, and group interaction that may all
improve depression and pain symptomatology. HEP has previously shown evidence of improving depressive symptoms
and psychological distress in patients with CP.*® The attenuated between-group findings from our study are similar to
other trials of mind-body interventions in this population which have used active controls.*® The non-significant
differences between groups are likely further explained by the trial’s small sample size. Due primarily to major
adjustments and disruptions to the trial due to the COVID-19 pandemic, we were unable to reach our recruitment target
of 160 participants. Finally, SSM was not designed for virtual delivery and was adapted for this purpose mid-trial. The
impact of this adaptation on the effectiveness of SSM is not yet known. Specifically, participants in the SSM arm may
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Table 3 Within-Group Mean Difference From Baseline (n=64)

Adjusted for Repeated Measures*

Adjusted for Repeated Measures* and Confounders

SSM HEP SSM HEP

Outcome (Score Range) and n Mean Difference P n Mean Difference P n Mean Difference P n Mean Difference P
Timeframe Compared to Compared to Compared to Compared to

Baseline (95% CI) Baseline (95% CI) Baseline (95% CI) Baseline (95% CI)
PHQ-9 (0-27) Depressive symptoms, negative mean difference indicates improvement; MCID 2 units [3] or 20% [18]
12 weeks 34 | —3.92 (—6.65, —1.20) | <0.001 | 30 | —2.38 (—5.21, 0.46) 0.155 | 34 | —3.97 (-6.69. —1.24) | <0.001 | 30 | —2.57 (-5.41, 0.27) 0.100
24 weeks 19 | —4.75 (-8.15, —1.30) | 0.001 23 | —1.63 (—4.76, 1.51) 0.661 19 | —4.96 (-8.36, —1.56) | <0.001 | 23 | —1.76 (—4.90,1.38) 0.580
BPI (0-10)Pain severity, negative mean difference indicates improvement; MCID | unit or 15-20% [9]
12 weeks 32 | —0.23 (—0.98, 0.52) 0.948 30 | —0.37 (—1.13, 0.40) 0.731 | 32 | —0.27 (—1.01, 0.48) 0.906 30 | —0.34 (—1.10, 0.43) 0.790
24 weeks 21 | —0.54 (—1.42, 0.34) 0.479 22 | —0.72 (—1.59, 0.14) 0.156 | 21 | —0.61 (—1.49, 0.27) 0.347 22 | —0.70 (—1.56, 0.16) 0.178
BPI (0-10) Pain interference, negative mean difference indicates improvement; MCID | unit or 15-20% [9]
12 weeks 31 | —0.58 (—1.59, 0.44) 0.572 30 | —1.10 (-2.13, -0.06) | 0.031 | 31 | —0.62 (—1.63, 0.40) 0.487 30 | —1.21 (-2.25,-0.18) | 0.012
24 weeks 21 | —1.07 (-2.25, O.11) 0.097 21 | —0.86 (—2.04, 0.32) 0.291 | 21 | —1.15(-2.33, 0.03) 0.060 21 | 091 (-2.08, 0.27) 0.226
SF-36 (0-100)**Health-related quality of life, positive mean difference indicates improvement; MCID 5 units for composite scores, and 10 for individual domains [50]
Physical Composite
12 weeks 30 | 7.06 (—0.88, 15.01) 0.111 30 | 8.05 (—0.15,15.95) 0.043 | 30 | 7.59 (-0.31, 15.49) 0.067 30 | 8.06 (0.21, 15.90) 0.041
24 weeks 16 | 8.15(—2.03, 18.33) 0.192 18 | 8.12 (—1.53, 17.78) 0.150 | 16 | 9.64 (-0.47, 19.75) 0.070 18 | 837 (—1.17, 17.91) 0.120
Physical role limitations
12 weeks 30 | 12.03 (—3.71,27.76) | 0.236 30 | 13.36 (—2.21,28.93) | 0.135 | 30 | 12.42 (-3.33,28.16) | 0.206 30 | 12.78 (—2.81,28.36) | 0.172
24 weeks 16 | 19.92 (0.15, 39.70) 0.047 17 | 790 (—11.28,27.07) | 0.836 | l6 | 22.13 (2.31, 41.95) 0.020 17 | 6.93 (—12.12,25.98) | 0.896
Physical functioning
12 weeks 30 | 6.65 (—0.94, 14.24) 0.120 30 | 6.25 (—1.32, 13.82) 0.166 | 30 | 7.33 (-0.20, 14.85) 0.061 30 | 6.16 (—1.35, 13.66) 0.171
24 weeks 16 | 3.10 (—6.68, 12.89) 0.939 17 | 9.81 (0.29, 19.32) 0.040 | 16 | 4.47 (-5.23, 14.16) 0.761 17 | 9.80 (0.39, 19.22) 0.036
Pain
12 weeks 30 | 8.13 (—1.42, 17.67) 0.141 28 | 7.91 (—1.84, 17.65) 0.181 | 30 | 879 (-0.80, 18.38) 0.092 28 | 7.98 (—1.78, 17.75) 0.174

(Continued)
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Table 3 (Continued).

Adjusted for Repeated Measures*

Adjusted for Repeated Measures* and Confounders

SSM HEP SSM HEP

Outcome (Score Range) and n Mean Difference p n Mean Difference P n Mean Difference P n Mean Difference P
Timeframe Compared to Compared to Compared to Compared to

Baseline (95% CI) Baseline (95% CI) Baseline (95% CI) Baseline (95% CI)
24 weeks 15 ] 7.35 (-5.13, 19.84) 0.524 17 | 8.05 (-3.77, 19.88) 0360 | I5 | 9.31 (-3.18,21.79) 0.261 17 | 8.12 (—3.65, 19.89) 0.345
General health
12 weeks 30 | 2.14 (—4.34, 8.62) 0.929 30 | 6.55 (0.07, 13.02) 0.046 | 30 | 2.07 (—4.40, 8.54) 0.937 30 | 6.68 (0.21, 13.15) 0.039
24 weeks 17 | 4.16 (-3.99, 12.30) 0.675 18 | 10.10 (2.16, 18.05) 0.005 | 17 | 4.10 (—4.04, 12.25) 0.686 18 | 10.17 (2.24, 18.09) 0.004
Mental Composite
12 weeks 30 | 10.98 (2.02, 19.93) 0.007 30 | 9.06 (0.17, 17.94) 0.043 | 30 | 10.59 (1.66, 19.53) 0.011 30 | 9.89 (1.02, 18.75) 0.020
24 weeks 16 | 12.79 (1.37, 24.2) 0.019 17 | 11.93 (0.85, 23.01) 0.027 | 16 | 12.69 (1.29, 24.1) 0.020 17 | 12,13 (1.12, 23.14) 0.022
Emotional role limitations
12 weeks 30 | 12.81 (-5.19, 30.81) | 0311 30 | 10.23 (-7.57, 28.02) | 0.552 | 30 | 12.24 (-5.78, 30.26) | 0.363 30 | 10.88 (—6.95, 28.71) | 0.486
24 weeks 16 | 18.39 (—4.10, 40.88) | 0.174 17 | 9.72 (-12.09, 31.52) | 0.785 | 16 | 18.03 (—4.58, 40.64) | 0.196 17 | 8.15 (—13.56, 29.85) | 0.883
Social functioning
12 weeks 30 | 10.17 (—0.31, 20.64) | 0.063 30 | 9.02 (—1.40, 19.44) 0.129 | 30 | 10.13 (-0.32, 20.59) | 0.063 30 | 9.75 (—0.64, 20.14) 0.079
24 weeks 16 | 11.20 (—2.22, 24.62) | 0.157 17 | 11.18 (—1.86,24.22) | 0.136 | 16 | 11.41 (—1.98,24.81) | 0.14] 17 | 11.62 (—1.34,24.59) | 0.105
Energy/fatigue
12 weeks 30 | 7.34 (—1.39, 16.08) 0.151 29 | 8.75 (—0.06, 17.57) 0.053 | 30 | 7.34 (-1.47, 16.16) 0.158 29 | 9.59 (0.71, 18.47) 0.026
24 weeks 16 | 11.95(0.80, 23.11) 0.028 17 | 11.48 (0.62, 22.34) 0.032 | 16 | 12.31 (1.06, 23.56) 0.024 17 | 1223 (1.34, 23.12) 0.018
Emotional well-being
12 weeks 30 | 12.19 (3.59, 20.79) 0.001 29 | 9.46 (0.86, 18.06) 0.023 | 30 | I1.91 (3.37, 20.45) 0.001 29 | 10.27 (1.74, 18.79) 0.009
24 weeks 16 | 9.57 (1.35, 20.50) 0.120 17 | 14.10 (3.48, 24.72) 0.003 | 16 | 9.42 (1.43, 20.27) 0.127 17 | 14.58 (4.09, 25.07) 0.002

Notes: Statistically significant p-values (<0.05) are bolded. *Adjustment for repeated measures used a random intercept model. ** Composite scores are computed as simple unweighted averages as described by Andersen:*? Physical =

physical role limitations, physical functioning, pain, general health; Mental = emotional role limitations, social functioning, energy/fatigue, emotional well-being.

Abbreviations: BPI, brief pain inventory; Cl, confidence interval; HEP, Health Enhancement Program; MCID, Minimal clinically important difference; n, sample size; p, p-value; PHQ-9, patient health questionnaire; SF-36, 36-Item Short

Form Survey Instrument; SD, standard deviation; SSM, Sahaj Samadhi Meditation.

|e 19 8uayD



Cheng et al

PHQ-9 Responder Analysis, baseline to 24 weeks

\Clinically significant improvement (decrease in PHQ-9 greater than MCID)
aClinically non-significant change (change in PHQ-9 below MCID)
OClinically significant worsening (increase in PHQ-9 greater than MCID)

MCID = 2 (p=0.263)

SSM

HEP

MCID 2 20% (p=0.076)

SSM

HEP

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage participants

Figure 3 PHQ-9 Responder Analysis, baseline to 24 weeks.

Abbreviations: HEP, Health Enhancement Program; MCID, Minimal clinically important difference; n, sample size; p, p-value; PHQ-9, patient health questionnaire; SSM,
Sahaj Samadhi Meditation.

have received sub-therapeutic doses of the intervention with few reporting practicing meditation at the expected
frequency to affect depressive symptomatology. This speculation will be further assessed through a comprehensive
companion implementation evaluation. While the exclusion of people with more severe depression (PHQ > 20) limits the
generalizability of the findings to this important population, if anything, this decision would have biased the trial results
towards underestimating intervention effectiveness.

While the difference between groups was not statistically significant for the primary outcome, a possible superior
effect of SSM compared to HEP is suggested by significant within-group differences larger than the MCID for PHQ-9 at
both timepoints for SSM compared to non-significant within-group changes for HEP. This possible relative effect of SSM
is further supported by the post-hoc responder analysis which demonstrated that more than half of SSM participants had
greater than 20% improvement in the PHQ-9 compared to about one third in the HEP group. A sufficiently powered
study will be required to refine the precision of these effect estimates.

Generally, these results compare similarly to other interventions available for this population. Various systematic
reviews have consistently estimated that mind-body interventions such as yoga, tai chi, and meditation have small to
medium effects (standardized mean difference (SMD) range 0.05 to 0.63) on depressive symptoms in people living with
CP.2! However, the trials included in these reviews often did not include people with significant depressive symptoms, so
these effect sizes may in fact be under-estimates of potential effectiveness in those with suprathreshold symptoms."?

Besides mind-body interventions, effect sizes for changes in depressive scores have been estimated for a variety of
other kinds of interventions for people with CP. One umbrella review identified fluoxetine, web-based psychotherapies,
and Acceptance and Commitment Therapy as the only interventions with at least a medium effect size (SMD >0.5) from
systematic reviews and meta-analyses of at least moderate quality.*® Effect size estimates for these interventions were
often determined against placebo, usual care, or no control and ranged from short to medium outcome timeframes. Thus,
the mean difference for SSM from this trial, measured over a long outcome timeframe and against an active control, may
compare well to these other promising interventions for this population. Previous systematic reviews and meta-analyses
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have suggested comparable small effect sizes of other common and important lifestyle measures such as exercise for the
improvement of depressive symptoms in chronic pain.

Participants in the SSM arm demonstrated some improvements for the secondary outcomes of pain severity, pain
interference, and quality of life measures, though there were no significant differences for these measures when
compared to HEP. Two previous reviews have indicated mindfulness-based interventions to have small to medium
effects on pain-related symptomatology and physical health-related quality of life.”>*’ Compared to cognitive
behavioral therapy (CBT), meditation interventions showed no significant difference (SMD 0.02, 95% CI —0.43 to
0.48), but a small effect when compared to various other controls such as usual care or waitlist controls (SMD —0.34,
95% CI —0.79 to 0.03) for pain intensity. This was very comparable to previous reports on the effects of meditation on
pain intensity in the context of CP compared to treatment as usual, passive controls, or support groups (SMD 0.32,
95% CI 0.09 to 0.54).** This current study compared SSM to an active control which may explain why the primary
estimation of effect size for SSM on pain was comparatively modest and similar to the comparison of meditation
interventions to CBT, while within-group estimations of effects more comparable to estimations of meditation against
passive controls.

Taken together, these findings suggest that SSM may be most effective for improving mental health compared to
physical health of people living with both depression and CP. Likewise, this trial emphasizes the multiple challenges of
assessing the effects of mind-body and behavioral interventions.** This includes the challenges of determining
appropriate controls for mind-body interventions that satisfy competing pulls of maximizing rigor and internal validity
versus applicability and external validity. Future trials of SSM for this population that emphasize pragmatism and
implementation considerations may, for example, consider waitlist control designs which are increasingly being
deployed for such purposes, including to support recruitment.”***° Despite evidence for the effectiveness of
meditation programs for CP and depression, and high informal utilization of these interventions by patients, we
have yet to see wide formal implementation in North American health systems. A further implementation evaluation of
virtually-delivered SSM within the specific context of clinical primary and specialized pain care will be reported
separately.

Trial Adaptations and COVID-19 Effects

It is important to acknowledge the context of conducting this trial during the COVID-19 pandemic, which impacted
every aspect of the trial. Due to the pandemic, changes were made to conduct the trial remotely, which may have
introduced barriers to effective learning of and incorporation of SSM, thus affecting the effectiveness of this intervention
for all outcomes. Likewise, virtual delivery may have impacted initial and ongoing participation for some individuals,
such as those that are less familiar with remote devices or those with limited access to technology and internet. Such trial
changes may have contributed to recruitment challenges, despite efforts to improve recruitment through the addition of
multiple sites and methods for promoting the study. Our experience aligns with the findings on a global scale, where
recruitment for clinical trials was significantly affected by the pandemic.’’

The COVID-19 pandemic also had effects on people’s health, including increased rates of depressive symptoms,
anxiety and psychological distress.”*>* Multiple participants became ill with COVID during program participation, and
multiple participants lost family members during the pandemic. These larger trends may have blunted improvement in
depression and pain symptoms from the interventions and thus resulted in under-estimates of the effects of the
interventions. While we did not collect data specific to such changes in this study, due to the random assignment of
participants, the adverse psychological impacts of the pandemic should have been distributed equally between the two
groups.

Strengths and Limitations

Important strengths of this trial include the use of randomization and allocation concealment, as well as adjustment for
confounders. Importantly, 72% of participants who started the trial interventions remained committed to the trial until the
end of the 12-week treatment period, suggesting the feasibility of delivering SSM virtually even during the challenging
pandemic context.
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Some important limitations are the non-blinded outcome assessment, due to the nature of the interventions and the
feasible means for reporting outcomes. Likewise, the majority of participants in this trial were women and were of higher
socioeconomic status. This gender disparity is reflective of the larger literature of clinical trials examining depression
outcomes in CP as well as mind-body research.'>>> The skewing of participation towards those of higher socioeconomic
status may be reflective of requirements for access to technology and technological literacy. These issues will be explored
further in the implementation evaluation which will facilitate an analysis of barriers and facilitators to trial participation.
Likewise, this was the first time these interventions were adapted and studied for virtual delivery, as necessitated by the
pandemic. Future studies comparing in-person to virtually-delivered SSM may be valuable to better understand impacts
of approach to delivery on both intervention effectiveness and accessibility.

Conclusion

Due in part to multiple trial disruptions from the COVID-19 pandemic which affected modes of delivery and recruitment,
this RCT in people living with comorbid pain and depression was unable to detect any significant differences in between
SSM and HEP for depressive symptomatology. Overall, the effect estimates for SSM from this trial are promising and
concordant with the effects of other interventions that have been studied for this population. Future trials outside of the
pandemic context that are sufficiently powered and that examine in-person delivery methods, consider appropriate
controls, and include participants more representative of the population will allow us to better refine estimates of
effectiveness of SSM as an intervention for the chronic pain and depression comorbidity.

Data Sharing Statement

All data sets analyzed in this study are available in the main text or upon reasonable request. Further information and
requests for de-identified participant data should be directed to the corresponding author Abhimanyu Sud at abhimanyu.
sud@utoronto.ca.
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