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Abstract

Background: Heart-Smile Training (HST) is an interoceptive compassion-based behavioral intervention that in case reports
has been beneficial for depression. Interoception refers to the awareness and regulation of physiological signals from inside the
body. Depressed patients often have diminished interoceptive awareness and often experience disconnection from bodily needs
and sensations. In addition to interoceptive dysfunction, depression often involves negative self-evaluation and self-critical
rumination. HST is a compassion-based meditation training program that explicitly cultivates interoceptive awareness of the
heart area. This study aims to investigate the possible neurocardiac mechanisms engaged through HST for depression patients.
Methods: We plan to enroll 50 subjects to be randomized into a 4-week HST intervention group and a waitlist group. A battery of
psychological questionnaires will be administered at baseline and post-intervention timepoints, and electroencephalography (EEG) will be
collected during compassion meditation guided by pre-recorded audio. The primary clinical outcome measures are on the feasibility of the
intervention and research procedures, the primary mechanistic outcome measure is the post-intervention change in Heartbeat Evoked
Potential (HEP) amplitude. Secondary outcome measures include changes in depression severity and EEG gamma spectral activity.
Exploratory outcome measures include effects of HST on skin conductance response, heart rate variability, EEG spectral properties in
other frequency bands, as well as a list of psychological questionnaires that measure depression and anxiety symptoms, emotion regulation,
mindfulness, interoceptive awareness, self-compassion, gratitude, sleep quality, quality of life and social connectedness.

Results: Results not yet available.

Conclusion: This is the first study on the feasibility and interoceptive neurocardiac mechanism of HST. Our findings will
provide frontier knowledge on the physiological working mechanism of behavioral interventions with an interoception-based
meditative approach. https://clinicaltrials.gov/study/NCT05564533.
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Introduction

Compassion-based meditation training programs, recog-
nized as an evolution of secular contemplative practices,
integrate mindfulness with the development of prosocial
mental states and attitudes. These programs have in-
creasingly being acknowledged by researchers, clinicians,
and the general public' for their ability to engender positive
emotional states and trait changes in participants,” such as
heightened positive affect and reduced negative affect,’
enhancement in social connectedness,” potential attenua-
tion of the physiological and subjective effects of stress,”*
as well as increased activity in brain regions associated
with emotion processing and empathy.”® Compassion-
Based Interventions (CBIs) are related to Mindfulness-
Based Interventions (MBIs),”'% except that the focus of
the meditation training is on cultivating compassion to-
wards self'' or others.'?

Over the past decades, multiple evidence-based CBIs have
been developed, including include Cognitive-Based Com-
passion Training (CBCT),'* Compassion Cultivation Train-
ing (CCT),'”> Mindful Self-Compassion (MSC),"" and
Compassion Focused Imagery (CFI).'* The Heart-Smile
Training (HST) program uniquely emphasizes the impor-
tance of cultivating embodiment through explicitly teaching
practitioners to become aware of the body sensations and
warm feelings, such as compassion, acceptance and gratitude
in the heart area.'> HST uses an iterative, integrative approach
to combine focused attention and interoceptive awareness
with core, intrinsic capacities of compassion, loving-
kindness, and empathy. HST involves giving and receiving
of compassion as well as cultivating wisdom and gratitude,
while emphasizing heightening interoceptive awareness
through body scans and interoceptive awareness during
sound meditation.'”

Originating from Korea and grounded in Mahayana Bud-
dhism,'® HST is designed to offer a holistic approach to im-
proving mental health outcomes'> through cultivating
interoceptive awareness as the base for development of com-
passion and loving kindness.'” Various formats that balance
longer, more intensive practice sessions with shorter, weekly
practice sessions have been experimented with for delivering
HST." Our prior qualitative research'®'? used the NIH Stage
Model*® to compare the 3-day format with an 8-week group
format that included a 1-day retreat, which revealed similar
effects for depression and anxiety symptoms, with the 8-week
format being more effective for cultivating interoceptive
awareness.'® During the Covid-19 pandemic, we developed a
version of the HST that combines a 3-day online retreat with
4 weekly online sessions, called Intensive Introduction Program
(HST-1IP), which we adapted for use in the current study. HST-
IIP has been used in Korea for the general public,'” but this is the
first time it will be delivered in English for depression treatment.
According to the NIH stage model,*® the HST intervention is at
Stage 1B, because it has developed the fundamental framework

and core content of the intervention program and is currently
being tested in a research setting with respect to its feasibility
and neurophysiological mechanisms, which are the primary
objectives of this study.

Depression is characterized by interoceptive dysfunction
with diminished interoceptive awareness, impacting body trust,
responsiveness to bodily signals, self-regulation, and emotional
awareness within the body.”® Depression is linked to a dis-
connection from bodily sensations®® and an impaired neural
representation of interoceptive body states, particularly in the
insular cortex.”” The reduced insular activation observed during
depressive episodes appears to recover after individuals emerge
from the episode.?® This diminished interoceptive awareness of
internal bodily states carries significant implications for an in-
dividual’s mental health and overall well-being, and may also be
a mechanism impacting appetite loss?’ and alexithymia.”**’
Therefore our hypothesis is that HST-IIP will improve intero-
ceptive awareness for depressed patients, as measured by
changes in Heartbeat-Evoked Potential (HEP)**>! from elec-
troencephalography (EEG) and electrocardiogram (ECG),
which will contribute to depression symptom improvement. We
will test this hypothesis in this mechanistic pilot study with
EEG, ECG and other physiological measures collected before
and after the HST-IIP program compared to a waitlist control
arm, combined with clinical and questionnaire assessments of
symptom improvements.

21,22

Methods
Study Procedure

The study is approved by the Institutional Review Board
(IRB) of Cambridge Health Alliance (CHA) (CHA-IRB-21-
22-100) and has been registered at https://clinicaltrials.gov/
study/NCT05564533. We propose a single-blinded ran-
domized controlled trial with 2 arms: HST-IIP and waitlist
control. The waitlist group will be asked not to participate in
any mindfulness meditation programs until they complete all
study procedures, and afterwards they will be given a code to
enroll for free in a live-online mindfulness course routinely
offered at the Center of Mindfulness and Compassion at
CHA. All subjects will be instructed to continue their ongoing
pharmacological and/or psychotherapy interventions (if ap-
plicable) concurrent to participating in this study and will be
instructed to refrain from starting any new medications or
psychotherapies during the study. A maximum of 50 eligible
participants will be enrolled in the trial for 11 weeks
(Figure 1).

Eligible subjects will be scheduled for a pre- and post-
intervention EEG sessions at Mass General Brigham within
the Spaulding Rehabilitation Hospital, during which EEG,
ECG, galvanic skin response (GSR) and respiration signals
will be collected. A battery of online self-report question-
naires will be administered within 24 h from each EEG visit,
including Computerized Adaptive Testing—Depression
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Figure |. Overall study procedure schema.

Inventory (CAT-DI),*> Computerized Adaptive Testing—
Anxiety (CAT-ANX??), Depression Anxiety Stress Scale-21
(DASS-21°%), 5 Facet Mindfulness Questionnaire (FFMQ>?),
Difficulties in Emotion Regulation (DERS®®), Self-
Compassion Scale (SCS*7), Multidimensional Assessment
of Interoceptive Awareness (MAIA-2%®), Quality of Life
Scale (QOLS?), Gratitude Resentment and Appreciation
Test (GRAT), Pittsburgh Sleep Quality Index (PSQI*Y),
Social Connectedness Scale (SocCon*?), Purpose In Life Test
(PIL*). CAT-DI and CAT-ANX will be also collected
weekly.

Subject Enrollment Plan and Eligibility Criteria

Participants will be recruited from the general public through
advertising on social media platforms and posting on the

website of Cambridge Health Alliance Center for Mindful-
ness and Compassion and Mass General Brigham clinical
trials website for the public https://rally.massgeneralbrigham.
org/. We will also receive referrals from a CHA mental
wellness program that has accumulated a database of ap-
proximately 1500 people.***> This study will enroll indi-
viduals of any gender and any demographic group who meet
the eligibility criteria.

Subjects will go through 3 steps of screening: (1) initial
phone pre-screening; (2) Zoom meeting with the subjects
who pass the phone screening to review the consent form and
conduct additional screening; and (3) a battery of online
questionnaires administered via REDCap including a de-
mographic survey, prior meditation and mindfulness expe-
rience survey, initial healthcare details survey and Computer
Adaptive Tests for Mental Health (CAT-MH) to assess
anxiety, psychosis, substance use, mania, PTSD, and social
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determinants of health. Built-in data quality checks in
REDCap and CAT-MH will be utilized for common data
quality assurance such as value ranges, value format and data
missingness.

Inclusion criteria include: (1) being 18-65 years old for
the duration of the study*®; (2) sufficient English fluency to
understand procedures and questionnaires; (3) the ability to
provide informed consent; (4) mild to moderately severe
depression (as determined by a CAT-DI score of 35-
75)74%. those with severe depression (CAT-DI >75) will
require further clinical evaluation to assess for symptoms
of psychosis, amotivation or suicidality, and may be de-
termined as eligible after ruling out those symptoms or
risks.

Exclusion criteria include: (1) current participation in
another research study; (2) unavailable or unable to par-
ticipate in the planned dates for the HST-IIP sessions; (3)
expected hospitalization during the study period, including
second and third trimester pregnancy at screening; (4)
previous experience with mindfulness or other mind-body
practices, defined as more than 10 min of practice per day,
more than 5 days a week for the past 6 months; partici-
pation in an 8-week mindfulness group program in the last
2 years, or participation in a meditation retreat longer than
1 day in the past 2 years; (5) anticipated inability to
successfully complete in-person study sessions with EEG,
ECG, respiration rate, and skin conductance response
measurement; (6) anticipated inability to participate safely
in the study intervention and without disrupting the group,
due to any of the following criteria: (6.1) active psychosis
defined by a PSY-S-CAT score >60 (from the CAT-MH
assessment)*’; (6.2) bipolar I disorder history or severe
level of mania on CAT-MH (score >70)*” OR current use of
mood stabilizing medication for bipolar disorder; (6.3)
acute suicidality or hospitalization for suicide attempt or
self-harm within 3 months of the enrollment period; (6.4)
moderate or severe substance use disorder; (6.5) use of
illicit drugs (ie, cocaine, heroin, fentanyl, methamphet-
amine) or non-prescribed controlled medications (opioids,
stimulants, or benzodiazepines) in the past 3 months at the
time of screening.

Randomization Procedure

Randomization will be performed after subjects have com-
pleted baseline EEG and self-report assessments (Figure 1). A
study staff member who is not involved in baseline assess-
ments will randomize participants with their assigned study
numbers using a computerized block randomization in blocks
of 5 with a 3:2 allocation ratio such that 3 participants are
randomized to the HST-IIP for every 2 participants ran-
domized to the waitlist arm.

Participants will be called by phone and asked once more
to confirm their availability to attend the scheduled dates and
times of intervention sessions. Once confirmed, they will be

informed about their group assignment by phone and will be
sent a confirmation email. HST-IIP participants will also
receive information about the start week for the HST-IIP
group sessions and about the group structure and schedule.
Participants on the waitlist will be required to not participate
in any mindfulness programs until after completion of this
study.

Blinding

This is a single-blinded study in which the PI, data analyst,
statistician, and the EEG technician and analyst collecting
and analyzing the physiologic data will be blinded to
subject group assignments. Participants will be aware of
the study arms once they are randomized. Research co-
ordinators responsible for final determination of study
eligibility will be blinded to the randomization sequence,
but they will not be blinded to participant identity or al-
location, because they will be responsible for informing
participants of their scheduled group and study visits.
There are a few circumstances where the blinding-criteria
may be broken. For instance, the PI will be blinded, but if
an unexpected serious adverse event related to intervention
occurs, or if there is an important clinical decision to make
related to a major protocol violation or unanticipated
problem related to the intervention, then the PI may be
informed.

Subject Engagement, Adverse Events Monitoring
and Confidentiality

Research coordinators will send weekly follow-up emails
and conduct engagement phone calls with anyone who
missed a study testing or intervention session. An adverse
event participant self-report form will be systematically
collected at each in-person study visit (Baseline EEG visit
and Post-Intervention EEG visit) and after each weekly
intervention session in the HST-IIP arm. In addition, group
leaders and research coordinators will be trained to identify
and report any adverse events that occur or are reported
during weekly group visits. All adverse events will be
reviewed monthly by the PI, and serious adverse events
will be reviewed within 24 h. This study has a research
physician as an independent monitor who will monitor
adverse events and data safety and conduct annual review
of study progress. This study will have a data monitoring
team, consisting of the principal investigator, a biostatis-
tician, and a data coordinator, who will review data quality
monthly. Any serious adverse events or major protocol
deviations will be reported to CHA IRB within 72 h.
Protocol modifications will be submitted as amendments to
the CHA IRB. Personal information including Protected
Health Information (PHI) will be stored in CHA’s secure
online platform of HIPAA-compliant Google G-Suite
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Drive separately from research data. Alphanumeric codes
will be generated as subject IDs and acrostics to protect
subject confidentiality. Statistical analysis will be con-
ducted on coded and/or deidentified data that do not
contain PHI. Research data from this study is only ac-
cessible to approved CHA and Spaulding Hospital staff
members as registered on the IRB. Research outcomes will
be published in a peer-reviewed journal. Publications will
only include congregated group results without any
identifiable personal information. After publication of
research results, de-identified data will be made available
on the Harvard Dataverse or equivalent public-access data
platform.

Intervention Program

The HST-IIP intervention will be taught by a lead teacher
and an assistant teacher, supported by a coordinator.
Originated from the Korean Seon Buddhist tradition,'
HST-IIP is well-aligned with Mahayana Buddhism’s
core principles through emphasizing compassion and
wisdom. The foundational philosophy and conceptual
framework of HST are based on the Happiness-Mind
Matrix model. This model integrates core virtues such
as wisdom, gratitude, and focused attention with com-
passion, loving-kindness, and empathy. In this model, a
focus on specific mental and interoceptive states accom-
pany each meditation practice. For example, compassion is
associated with a ‘warm and gentle’ state, wisdom with
‘pure and serene,” flow with ‘easy and calm,’ and gratitude
with ‘happy and flourishing.” As practitioners embody the
compassionate state of ‘warm and gentle’ through HST
practices, they are guided to progressively integrate the
other 3 states described in the Happiness-Mind Matrix.
This structured approach allows for the holistic and iter-
ative development of an individual’s mental and emotional
well-being, ultimately approaching a harmonious and
flourishing life.

HST-IIP consists of one core practice, Authentic
Presence, and multiple supplementary practices (Table 1).
Authentic practice aims to provide individuals with the
fundamental skills for expressing the compassion and
loving-kindness that are inherently present within the body
and mind. A defining feature of this practice is the action of
genuinely smiling at oneself, with a focus on the heart area.
To support and accelerate the cultivation of compassionate
feelings through authentic practice, additional techniques
are integrated, and the practitioner is supported to itera-
tively deepen the 4 states of the Happiness-Mind Matrix.
These supplementary practices include fascia body scan,
sound meditation, gratitude, and acceptance meditation, as
well as gentle movement and walking meditations. Each of
these practices is designed to warmly and gently enhance
and nurture body awareness, thereby fostering a deeper
sense of loving-kindness and compassion within the

practitioner. This comprehensive approach aims to guide
participants towards a harmonious integration of mind and
body through facilitating a profound and lasting sense of
heartfelt presence and well-being.

The HST-IIP program was developed based on the
original 3-day retreat format in Korea'® and adapted to
integrate features of Mindfulness-Based Interventions
(MBIs). The HST-IIP curriculum (Table 2) comprises a 3-
day intensive retreat, followed by 4 weekly group meet-
ings, and concludes with a 1-day retreat (for a total of 42 h
of teaching). Each weekly session lasts 2.5 h. These
meetings are designed to emphasize experiential practice
and inquiry-based learning, with the aim of fostering deep
insight.

Table 2 outlines the overall HST-IIP intervention pro-
cedure timeline and theme progression. The 3-day retreat
(8 h per day) helps participants start their journey of getting
to know and expressing authentic presence. Participants
engage in the core and supplementary practices that pro-
vide basic skills for expressing compassion and loving-
kindness. These practices cultivate awareness of 5 senses
through fully embracing present moment interoceptive and
exteroceptive experience. There is also time for self-
reflection, sharing with other participants and the course
instructor, and self-care in each session. The retreat is
followed by the first regular weekly meeting (2.5 h), which
teaches the core practice of HST-IIP and the Happiness-
Mind Matrix Contemplation and focuses on the Happiness-
Mind Matrix concept of gratitude to train the participants to
gain full awareness with a clear mind, to embody authentic
presence with gratitude, and to apply gentle attention to the
present moment.

The second week focuses on the concept of flow in the
Happiness-Mind Matrix, where participants engage in more
practice of sensory awareness, relaxation and concentration
while deepening the practice of authentic presence. Week
2 highlights the role of relaxation in achieving immersion in
the present moment, through allowing thoughts to naturally
flow while maintaining mindful body awareness. Week
2 introduces a tool for tracking and reflecting on interoceptive
and exteroceptive experience and how they influence be-
havioral avoidance and valued action. Ultimately, the practice
aims to guide participants to recognize when a sense of peace
and happiness is present.

The third week focuses on the compassion concept of the
Happiness-Mind Matrix. During this week, participants are
supported to gain a clearer understanding of compassion and
how it can be applied to real life. Through learning and
practicing compassion, participants learn how to emotionally
build empathy and affection towards suffering and failures.
Week 3 also emphasizes the importance of compassion in
fostering acceptance, inner peace and feelings of love and
empathy.

The third week finishes with a 1-day retreat to integrate all
knowledge learned in the past weeks and find connections.



Global Advances in Integrative Medicine and Health

Table I. Core Practice and Supplementary Practices of the HST-IIP Intervention Program.

Core Practice
Authentic presence

Authentic presence is the core practice of HST. This practice aims to provide the individual with basic skills

for expressing compassion and loving-kindness, which are already present in the body and mind. This
practice’s main characteristic is the action of genuinely smiling at oneself, focusing on interoceptive

sensation in the heart area.
Supplementary practices
5 senses/tea meditation

This is a meditation that focuses on achieving full immersion of the self into the present moment,

promoting groundedness, and cultivating awareness through engaging each of the 5 senses and fully
embracing the sensory sensations of the here and now (eg, five senses tea meditation combines the
5 senses to cultivate mindfulness and establish a deeper connection to the present moment while
enjoying tea or another beverage).

Internal body scan meditation

This is an interoceptive meditation technique that allows us to direct and shift our attention throughout

different parts of the body and become aware of the ongoing sensations of tension and relaxation in that
part. It is a technique that brings warmth and gentleness to the body and internal organs, which may

eventually alleviate bodily tension.

Gratitude and love movement This is a meditation that embodies feelings of gratitude and love, relaxation, and emptiness through
gestures of accepting (thanks), sharing (love), and letting go (ease).

Gratitude-acceptance
Fascia body scan

Accept and appreciate the present state without rejecting or judging.
This is an interoceptive meditation technique, bringing awareness to the fascia, the tissue surrounding the

body parts, while lying down or sitting. It is a form of relaxation meditation that promotes calmness and
awareness of physical body sensations and allows for warm and gentle feelings of love and compassion to

permeate the entire body.
Gratitude and love walking
meditation

This is a mindful movement meditation that integrates the emotions of gratitude and love into mindful
walking, allowing us to achieve higher consciousness and promote connection with ourselves, others,

and our surroundings. This involves intentionally walking at a comfortable pace, focusing attention on
the 5 senses of the present moment while embodying positive and uplifting emotions.

Happiness-mind matrix
contemplation

This practice begins with being truly present in the current moment and fosters full awareness with a clear
mind and gentle attention to the here and now. Through training, authentic presence can bring gentle

warmth and comfort to the self and even reveal other virtues within the self. This practice employs a

simple compassion meditation technique that can lead to happiness, calm, and contentment.
Interoceptive sound meditation This is a meditation that awakens and encourages awareness of sensations, including any warm and kind

feelings in the heart through the resonance of sound. This is mainly performed in connection with other

meditations.
Journaling
5 senses awareness.
Others

Structured journal exercise supporting reflection on meaningful actions, experiential avoidance, and

Tongue stretching and eye massage to stimulate cranial nerves.

The objective of this week is to help participants understand
the role of authentic presence in building compassion, which
paves the path to achieving wisdom and a growth mindset.

In the last week, participants conclude with reviewing the
program, and training in interconnecting gratitude and
compassion to support wisdom and freedom from suffering.
Through practicing all the meditations taught in the program,
participants cultivate compassion and authentic presence,
which may eventually enable them to develop the wisdom to
lead a harmonious life.

Data Collection and Signal Processing

EEG data will be collected using a Geodesic EEG System
(GES) 400 with Geodesic Sensor Nets (64 channels), and
ECG, GSR, and respiration signals will be collected simul-
taneously using the same amplifier connected to different
modules (AD Instruments, PowerLab, 8 channels), through a

relay box that splits the trigger input equally into both GES
and AD Instruments amplifiers. Because both the physio-
logical data and EEG data amplifiers share the same trigger
channel, all the acquired time series are synchronized, which
ensures precise alignment of EEG and ECG data for accurate
HEP analysis. A custom-made respiration belt will be placed
around the chest to detect respiration patterns via air pressure
transducer.*” Both brain and autonomic physiological data
will be acquired at rest (4 min with eyes open and 4 min with
eyes closed) and during compassion meditation (15 min)
instructed by pre-recorded audio provided by an HST-IIP
instructor. All physiological data will be real-time monitored
by experienced EEG technicians for data quality. Post-hoc
data quality rating will be independently conducted by 2 EEG
experts to decide whether some data need to be excluded from
statistical analysis due to data quality issues.

EEG signals will be acquired with a sampling rate of
1000 Hz with a reference electrode placed at location Cz. The
impedance of each electrode will be kept below 10 k). After
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Table 2. Overall HST-IIP Intervention Program Procedure Timeline and Theme Progression.

Session

Topic

Hours

Three-day intensive training at the beginning of week |:
day |

Three-day intensive training at the beginning of week I:

day 2

Three-day intensive training at the beginning of week |:
day 3

Regular weekly session of week |

Regular weekly session of week 2

Regular weekly session of week 3

Whole day retreat in week 3

Five senses tea meditation

Why are you here — group go around introduction to happiness mind

Matrix
Deep fascia body scan
Gratitude and love movement
Mindful eating

Introduction to interoceptive sound meditation and authentic presence

Q&A and group sharing

Five senses tea meditation

Gratitude and love movement

Deep fascia body scan

Interoceptive sound meditation and authentic presence
Mindful eating

Gratitude and love walking meditation

Q&A and group sharing

Five senses tea meditation

Gratitude and love movement

Gratitude and acceptance meditation

Deep fascia body scan

Interoceptive sound meditation and authentic presence
Mindful eating

Empathy sharing

Happiness mind matrix contemplation

Applying HST in daily LIFE

Q&A and group sharing

Theme: gratitude

Group sharing

Gratitude and love movement

Didactic—happiness mind matrix

Deep internal organ body scan

Interoceptive sound meditation and authentic presence
Journaling

Theme: calm and ease

Gratitude and love movement

Journaling group sharing

Didactic: flow and relaxation

Deep internal organ body scan

Interoceptive sound meditation and authentic presence
Q&A and group sharing

Theme: loving-kindness and compassion
Gratitude and love movement

Journaling group sharing

Didactic— compassion, acceptance and Lovingkindness
Deep internal organ body scan

Interoceptive sound meditation and authentic presence
Q&A and group sharing

Five senses tea meditation

Gratitude and love movement

Deep fascia body scan

Interoceptive sound meditation and authentic presence
Mindful eating

Gratitude and love walking

Gratitude and acceptance meditation

Q&A and group sharing

2.5

2.5

2.5

(continued)
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Table 2. (continued)

Session

Topic Hours

Regular weekly session of week 4

Theme: pure and serene 2.5

Gratitude and love movement

Journaling group sharing

Didactic—wisdom: cognitive defusion + contextual self + value seeking
Deep internal organ body scan

Interoceptive sound meditation and authentic presence

Q&A and group sharing, closing

Total hours 42

standard offline preprocessing, including downsampling,
band-pass filtering (1-100 Hz), and ocular artifact removal by
Independent Component Analysis (ICA),**>' EEG signal
analysis will calculate HEP and Power Spectral Density
(PSD) within standard EEG frequency bands. HEPs reflect
the cortical processing of cardiac signals identified by
changes in the amplitude (voltage) of the EEG time series
time-locked to the ECG R-wave peaks.>’*' For HEP anal-
ysis, the EEG time series will be downsampled from 1000 Hz
to 400 Hz to match the sampling rate of the ECG data. For
other EEG analyses, the EEG time series will be down-
sampled to 250 Hz to reduce data size and computational load
while maintaining signal integrity, which is still sufficient to
capture the relevant frequency components of the EEG signal
according to the Nyquist theorem.>* For offline R-wave peak
detection, the open-source R-Deco software will be used.>
Pre-processed EEG signals will then be segmented into
windows around the R-wave peak (—200 to 800 ms). Finally,
baseline correction will be performed using the pre-stimulus
interval, and HEP values will be calculated following the
averaging of these segmented time series across trials.>* The
standard EEG frequency bands (ie, Delta (0.5-4 Hz), Theta
(4-8 Hz), Alpha (8-13 Hz), Beta (13-30 Hz), Gamma (30-
100 Hz)) will be defined at single-subject level considering
the Individual Alpha Frequency (IAF) estimated during the
eyes-closed condition.”> PSD will be computed using the
Welch’s method, which divides the signal into overlapping
segments and applies the Fourier transform to each segment,
thereby effectively break down the signal into its constituent
frequency components, enabling a detailed analysis of the
signal’s spectral content.”® After defining the range of fre-
quencies for each band, PSD values will be averaged within
each of them for further statistical analyses.

Instantaneous HRV estimates will be extracted from the
ECG time series employing a point-process algorithm.**~” To
evaluate the autonomic response to the intervention we will
then extract specific time-varying parameters.**>” To account
for the potential influence of breathing variations on HF-
HRYV, breathing rates will be used as a covariate for statistical
analyses. HRV analyses will use a point-process method to
estimate instantaneous HRV metrics, following the analysis
protocols in our prior studies.’’>® We will identify R-wave
peaks through an automated, in-house peak detection

algorithm, followed by expert manual verification to ensure
data quality. Only artifact-free segments will be retained for
further analysis. Following data cleaning and annotation, we
will employ a point-process model to analyze the R-to-R
interval (RRI) series and extract HRV-related measurements
such as high frequency (HF) and low frequency (LF)
powers.”” Each RRI will be modeled using an inverse
Gaussian probability function, characterizing the time in-
terval before each successive heartbeat. The mean of this
probability function will be determined using an autore-
gressive linear model of order k, capturing the dependence of
each RRI on the last k beat-to-beat intervals. As a result of the
time-varying point-process approach, we will obtain in-
stantaneous spectral measures of HRV in canonical frequency
bands, calculated continuously across the entire signal. For
HF-HRV (0.15-0.40 Hz), which reflects parasympathetic
(cardiovagal) modulation,**>” power values will be averaged
over specific epochs of interest to assess changes relative to
baseline. Given ongoing discussions in the literature re-
garding the interpretation of LF-HRV (0.04-0.15 Hz) as a
marker of sympathetic activity,” we will consider it within
the broader context of autonomic modulation, acknowledging
both sympathetic and parasympathetic influences.

A GSR amplifier with low voltage, 75 Hz AC excitation
and automatic zeroing, synchronized with milliseconds
precision with brain and cardiac time series, will be employed
to assess skin conductance changes over time. GSR data will
first be preprocessed to remove artifacts and then segmented
by the different phases of the experiment (ie, meditation task
and resting state). Key features, such as Skin Conductance
Level (SCL) and Skin Conductance Responses (SCR), will be
extracted for further statistical analyses.

Outcome Measures

Primary Outcome Measures. The primary clinical outcome
measure is the feasibility of the intervention and physio-
logical assessments as measured by rates of participant
completion and dropout, frequencies of study-related adverse
events, and rate of subjects completing research procedures.

The primary neurophysiological outcome measure is the
change in EEG HEP amplitude at post-intervention compared
to pre-intervention (Post vs Pre). Our primary hypothesis is
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that the HST-IIP group, compared to the waitlist group, will
show a larger post-intervention increase in HEP amplitude
during compassion meditation. HEP is emerging as a valuable
heartbeat-linked electroencephalogram (EEG) measure to
understand the altered body awareness associated with de-
pression. HEP is a brain response to each heartbeat, which
reflects cardiac signaling to the central autonomic nervous
system; therefore, it is considered to be a biomarker of in-
teroception.®” Previous literature has established HEP as an
effective neural measure of interoception in heartbeat de-
tection tasks.>'**"**> Compared to healthy controls, depressed
patients have demonstrated less accurate detection of their
own heartbeat (interoception accuracy).”’ This behavioral
difference is also reflected in the analysis of HEPs, where
depressed patients exhibit a significantly lower amplitude
compared to healthy controls.”® This reduced amplitude is
indicative of diminished afferent signaling from the heart to
the brain, possibly related to reduced interoceptive awareness
of the heartbeat among individuals with depression. It is still
unknown how a treatment designed to address symptoms of
depression might influence HEP. A recent randomized
clinical trial demonstrated interoceptive neural functions
indexed by heartbeat evoked theta power enhanced by
mindfulness training was a primary neural mechanism un-
derlying PTSD symptom improvement.®® Given these con-
siderations, HEP is the primary neurophysiological outcome
measure to investigate the effect of HST-IIP on interoceptive
function. Though HEP has not been studied extensively in
relation to contemplative interventions, HST-IIP is uniquely
suited for this particular EEG neurocardiac measure. HST-IIP
has a unique focus on cultivating interoceptive awareness in
and around the region of the heart. Many of the HST-IIP
practices are focused on the awareness of warmth from the
heart or of the sensations from the heartbeat. Because
awareness of the heart-mind connection is intrinsic to HST-
1P, HEP is an ideal EEG measure for determining the neural
mechanisms and outcomes of HST-IIP, especially among
depressed patients due to their diminished HEP signals.**-*
By randomizing depressed patients to either HST-IIP or
waitlist control, this pilot study will investigate HEP changes
among depressed patients after HST. We also hypothesize
that change in HEP will be associated with reduction in
depression symptoms.

Secondary Outcome Measures. We will use CAT-DI as the
main clinical outcome measure. Our hypothesis is that the
HST-IIP group, compared to the waitlist control group, will
show a larger post-intervention change (reduction) in CAT-DI
scores.

Gamma oscillations in the EEG signal have been dem-
onstrated to be a biomarker for major depression.®® The
gamma band of EEG signal (30-100 Hz) is also frequently
reported as an indicator for compassion associated with
meditation practices. For example, Tibetan Buddhist monks
were found to self-induce sustained high-amplitude gamma-

band oscillations and phase-synchrony during meditation.®®
A recent study showed elevated gamma power across dif-
ferent meditation traditions, supporting the use of EEG
gamma power as a biomarker for meditation expertise.®®
Evidence from a neurophenomenological study indicates
that, in advanced meditators (but not in untrained novices),
gamma power in the posterior cingulate cortex is related to
the subjective experience of effortless awareness in medi-
tation.®” The default mode network (DMN) is a key hub for
self-regulation and self-awareness, and several midline DMN
regions have been shown to be associated with self-
criticism.®® One study demonstrated elevated gamma
power in the DMN as a result of meditation training.®
Therefore, we will investigate the effect of HST-IIP on the
gamma band of EEG signal as a secondary outcome measure.

EEG Gamma power is another secondary outcome mea-
sure. Based on prior literature on the influence of meditation
on Gamma signal,’® we hypothesize that the HST-IIP group,
compared to the waitlist control group, will show a larger
post-intervention increase in Gamma power during com-
passion meditation.

HRYV will be used as another secondary outcome measure,
because prior compassion meditation training studies have
found increased HF-HRV was associated with clinical
outcomes.”*"?

Exploratory Outcome Measures. A group climate question-
naire and participant satisfaction surveys and follow-up in-
terviews will also be administered to obtain quantitative and
qualitative assessments of participant experience in the HST-
IIP intervention groups. Prior research observed EEG pre-
frontal alpha-asymmetry to increase with more left prefrontal
activity among previously depressed patients during guided
LKM meditation, reflecting stronger analytical tendencies.”*
Therefore, we will also evaluate the effect of HST-IIP on
alpha asymmetry as an additional exploratory outcome
measure. Additional neurophysiological and psychological
assessments will be analyzed as exploratory outcome mea-
sures, including PSDs of other EEG frequency bands (ie,
Delta (0.5-4 Hz), Theta (4-8 Hz), Alpha (8-13 Hz), Beta (13-
30 Hz)), skin conductance, as well as additional psycho-
logical measures including CAT-ANX, DASS-21, FFMQ,
DERS, SCS, SocCon, MAIA-2, QOLS, GRAT, PSQI,
and PIL.

Power Analysis and Sample Size Estimation

There has not been a prior study on the neurocardiac effect of
HST. According to approximation recommendation for pilot
studies, a sample size of 15-20 per arm is needed for the pilot
study to be utilized to establish the power for a main trial
designed to detect small to medium effect sizes with 90%
power and two-sided 5% significance,”” therefore we aim for
asample size of N =21 for the HST-IIP arm and N = 14 for the
waitlist group because we plan to randomize at 3:2 ratio.
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A recent study on the effects of an 8-week MBI on
neurocardiac interplay reported medium to large effect sizes
(Cohen’s d ~ .68-1.43),”® based on which we have conducted
exploratory power analysis and sample size estimation using
GPower 3.1.9.7 as below. Assuming an effect size of Cohen’s
d =1, at alpha level of .05, our planned sample size of 21 vs
14 will reach 80% power. If the effect size is as large as in the
recent study with a Cohen’s d = 1.43, at alpha level of .05, we
will only need a total of 20 subjects (N = 12 for HST-IIP and
N = 8 for waitlist) to reach 80% power.

To obtain a final sample size of 36, we expect we will need
to enroll up to N = 50 subjects, with 10% anticipated attrition
prior to the start of intervention, at which time N = 45 will be
randomized in blocks of 5 in a ratio of 3:2 for HST-IIP and
waitlist respectively, resulting in N =27 in the HST-IIP group
and N = 18 in the waiting list group. A dropout rate of 20% is
anticipated during the course of intervention and possible
lost-to-follow-up for post-intervention assessments, resulting
in a total of 36 completers with 22 in the HST-IIP group and
14 in the control group.

Statistical Analyses Plans

No interim analysis is planned for this study. Primary and
secondary outcomes will be analyzed using linear mixed
effects model analyses with outcome measures as the de-
pendent variables and predictors including time (pre- vs post-
intervention) and group (HST-IIP vs waitlist). False Dis-
covery Rate (FDR) procedure will be used to account for
multiple comparison corrections.”” All statistical analyses
will be conducted with statistical software R.

For the primary feasibility outcome measures, the rates of
subject dropout, intervention completion, adverse events, and
research procedure completion will be calculated and com-
pared between the HST group and the waitlist group. Dropout
rates will be calculated as the proportion of subjects that have
completed baseline assessments and are randomized to a
group, but fail to provide post-intervention or post-waiting
period assessments. Intervention completion rates will be
calculated as the number of attended intervention hours with
respect to the total number of intervention hours, and con-
clusion on intervention feasibility will be drawn if at least
70% subjects completed at least 70% of the intervention
hours. Research procedure feasibility will be measured by
proportion of subjects able to yield complete longitudinal
research data from both pre- and post- intervention or waiting
periods, and feasibility conclusion will be drawn if at least
70% patients assigned to a study group (HST vs waitlist)
complete both pre- and post-intervention or waiting periods
research data collection. To evaluate the acceptability and
tolerability aspect of study feasibility, adverse events and
serious adverse events will be monitored and we expect no
serious adverse events related to study protocol in either

group.

For the primary physiological outcome measure on EEG
HEP amplitude during compassion meditation, first, linear
mixed effects model analysis will be conducted with the
“lme4” function of R to test for effects of time, group and
group by time interaction; then post- vs pre-intervention
differences of HEP amplitude (AHEP) will be calculated
for each subject, which will be used for group comparison
with independent samples ¢ test, to test the hypothesis that the
HST-IIP group will have a larger increase in HEP amplitude
compared to controls.

For the secondary clinical outcome measure CAT-DI, first
linear mixed effects model analysis will be conducted with
the “Ime4” function of R”® to test for effects of time, group
and group by time interaction; then post- vs pre-intervention
score difference (ACAT-DI) will be calculated for each
subject, which will be used for group comparison with in-
dependent samples ¢ test, to test the hypothesis that the HST-
[P group will have a larger score reduction.

For the secondary physiological outcome measure EEG
Gamma power during compassion meditation, first Linear
Mixed Effects model analysis will be conducted with the
“Ime4” function of R”® to test for effects of time, group and
group by time interaction; then post vs pre-intervention
difference of Gamma power (AGamma) will be calculated
for each subject, which will be used for group comparison
with independent samples ¢ test, to test the hypothesis that the
HST-IIP group will have a larger post-intervention increase
with AGamma.

Similar linear mixed effects model analyses and two-
sample t-tests will also be conducted for all exploratory
outcome measures. For example, Linear Mixed Effects model
analysis will be conducted for the SCL and SCR feature of
GSR data to test for effects of time, group, and group by time
interaction, then post vs pre-intervention difference of SCL
and SCR (ASCL, ASCR) will be calculated for each subject,
which will be used for group comparison with independent
samples ¢ test.

In order to plan future studies, we will also conduct
preliminary analyses to assess the effect size of the HST-IIP
training on clinical improvement of patients with mild to
moderately severe depression, as well as on the EEG
characteristics across all frequency bands. To evaluate
clinical survey outcomes, we will conduct a difference-in-
differences, intent-to-treat, repeated measures analysis us-
ing linear mixed-effects models (mixed) to evaluate the
factors time (pre- vs post-intervention), group (HST-IIP vs
waitlist group) and the interaction of factors time X
group. Mixed-effect models account for the clustering of
multiple observations within participants. We will compute
contrasts of predictive margins to test for significant within-
group changes and difference-in-differences (between-
group) estimates over time. Between-group and within-
group effect size (Cohen’s d) will be computed based on
the predictive margins generated from the mixed models.
Protocol non-adherence, such as dropouts or missing
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intervention sessions, will be accounted for with the intent-
to-treat analysis. Missing data will be handled based on the
specific scenario of missingness that can involve excluding
certain subjects from analysis (eg, missing all post-
intervention assessments) or using multiple imputation
(eg, missing an item on a questionnaire).

Results

Patient recruitment started in January 2023, and the study is
still ongoing. Data analysis is expected to yield results for
publication by the end of 2025.

Discussion

This is the first study to test the feasibility of the HST-IIP
intervention program for patients with depression in the
United States, as an important step in the development of this
intervention which is currently at stage 1B of the NIH stage
model.?’ 1t is also the first study on the interoceptive neu-
rocardiac mechanism of HST, which will provide critical
mechanistic insights for further development and validation
of this intervention. Mechanistic discovery from this trial will
also inform mechanistic investigation of other compassion-
based interventions and the role of interoception in depres-
sion treatment.

This pilot study uses a Randomized Controlled Trial
(RCT) design to compare HST with waitlist control, which is
a proper first step in establishing the feasibility of this in-
tervention. Recent meta-analyses’ " have demonstrated that
research on MBIs over the past decades have shown MBIs
only have superior clinical effects compared to passive
controls such as waitlist, but without consistent advantage
compared to active controls. While this is still an active area
of research with regard to why MBIs do not always have
advantage over active controls, future studies on HST will be
thoughtful of this knowledge when designing an active
control condition for HST. While there have been some case
studies on HST,*' there has not been a rigorous RCT to study
its feasibility and mechanism, and this pilot study is an
important step towards rigorous investigation of HST.

This pilot study focuses on depressed US adults as the
target population out of several considerations: (1) Depressed
patients have been known to have compromised interoceptive
abilities®'** such as appetite changes”’ and alexithymia”*~°
with well-documented neural® and physiological represen-
tations,”* therefore is an ideal condition for studying the
feasibility of HST as an interoception based intervention, as
well as for studying its neurophysiological mechanisms. (2)
Because the HST intervention was originally developed in
Korea, it is an important step to test its feasibility in an US
based patient population to shed light on its cultural and
linguistic adaptability as part of the feasibility research.

The choices of outcome measures on feasibility and
neurophysiological mechanisms were made based on the

design and objectives of the study. Feasibility will be mea-
sured by rates of participant completion and dropout, as well
as frequencies of study-related adverse events; the feasibility
for study completion also includes the component of com-
pleting the EEG data collection, which is informative for the
future design and conduct of a full-scale clinical trial. The
HEP measure from EEG was used as the primary mechanistic
outcome measure based on prior research on HEP being a
biomarker of interoception®® and depressed patients dem-
onstrating lower amplitudes of HEP compared to healthy
controls,?" therefore it is a proper measure for the mechanism
of HST on improving interoceptive function. Additional
metrics will also be analyzed from the EEG data as ex-
ploratory measures to understand other aspects of potential
neurophysiological changes induced by the HST
intervention.

There are several potential mechanisms for the HST in-
tervention to influence HEP: First, meditation practices in
HST include focused attention on the body’s internal organs
and especially around the heart area, and such focused in-
teroceptive attention has been shown modulate HEP.** There
are also other potential mechanisms for HST to influence
HEP. For instance, the vocal sound during exhalation in HST
practices creates internally propagating vibrations, which
could potentially influence and refine interoceptive attention
ability over time, eventually impacting HEP. Studies on vi-
broacoustic therapy®> and whole body vibration®® have
shown that low-frequency vibrations can affect hemody-
namic, neurological, and musculoskeletal responses in the
human body,* which over time may contribute to improved
interoceptive sensitivity. Alternatively, vagal nerve stimula-
tion has been shown to modulate HEP,*® therefore, mind-
fulness meditation, such as the inner silence following sound
meditation in HST, can potentially increase vagal nerve ac-
tivity and reduce sympathetic nervous system activity and
physiological stress,*® thereby modulating HEP.

A major limitation of the study design is the use of a
waitlist control. The randomized controlled design with a
waitlist control will allow us to control for the effects of time
and regression to the mean, but it does not control for other
nonspecific factors such as the effect of being part of a group,
expectancy effects from belief in an intervention, time in-
volved with the intervention, and positive influence of in-
teracting with a compassionate instructor. Such limitations
can be addressed in future studies by comparing HST to an
active control group.
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