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Abstract

Chronic stress undermines psychological and physiological health. We tested three remotely delivered stress management interventions among
clergy, accounting for intervention preferences. United Methodist clergy in North Carolina enrolled in a partially randomized, preference-based
waitlist control trial. The interventions were: mindfulness-based stress reduction (MBSR), Daily Examen prayer practice, and Stress Proofing
(stress inoculation plus breathing skills). Co-primary outcomes were symptoms of stress (Calgary Symptoms of Stress Inventory) and 48-hour
ambulatory heart rate variability (HRV) at 12 weeks compared to waitlist control. Survey data were collected at 0, 12, and 24 weeks and 48-hour
ambulatory HRV at 0 and 12 weeks. The 255 participants were 91% White and 48% female. Forty-nine participants (22%) without a preference
were randomly assigned between the three interventions (n = 40) and waitlist control (n = 9). Two hundred six participants (78%) with a pref-
erence were randomly assigned to waitlist control (n = 62) or their preferred intervention (n = 144). Compared to waitlist control, MBSR [mean
difference (MD) = -0.30, 95% CI: -0.41, —0.20; P < .001] and Stress Proofing (MD = -0.27, 95% Cl: -0.40, -0.14; P < .001) participants had
lower stress symptoms at 12 weeks; Daily Examen participants did not until 24 weeks (MD = -0.24, 95% CI: -0.41, —0.08). MBSR participants
demonstrated improvement in HRV at 12 weeks (MD = +3.32 ms; 95% Cl: 0.21, 6.44; P=.036). MBSR demonstrated robust improvement in
self-reported and objective physical correlates of stress; Stress Proofing and Daily Examen resulted in improvements in self-reported correlates
of stress. These brief practices were sustainable and beneficial for United Methodist clergy during the heightened stressors of the COVID pan-
demic. ClinicalTrials.gov identifier: NCT04625777.

Lay summary

A common source of stress, which can harm physical and mental health, is work. Clergy engage in a profession that requires toggling between
varied and interpersonally complex tasks, providing emotional labor, and experiencing stressors such as public criticism. Practical, brief practices
are needed to manage occupational stress. We invited all United Methodist clergy in North Carolina to enroll in a stress management study.
Participants chose their preferred of three interventions: mindfulness-based stress reduction (MBSR), Daily Examen prayer practice, or Stress
Proofing (a combination of stress inoculation plus breathing skills). Clergy without a preference were randomly assigned to one of the three
interventions and a waiting group. Clergy with a preference were randomly assigned to either begin the intervention or wait at least 6 months
and provide data while waiting. Participants practiced each of the three interventions at high levels across 24 weeks. Compared to clergy who
waited for an intervention, MBSR participants evidenced robust improvement in self-reported (stress and anxiety symptoms) and physiological
(heart rate variability measured across 48 hours) outcomes, whereas Stress Proofing and the Daily Examen only resulted in improvements in
self-reported outcomes. The three brief practices were sustainable and beneficial for United Methodist clergy during the heightened stressors
of the COVID pandemic.
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Implications

Practice: Mindfulness-based stress reduction can be used to improve physiological and psychological correlates of stress, whereas the
Stress Proofing program of stress inoculation therapy plus breathing exercises and the Daily Examen prayer practice can be used to improve
psychological correlates of stress, among United Methodist Church clergy.

Policy: United Methodist denominational officials who want to improve stress management and associated health outcomes among clergy
should encourage use of synchronous, web-delivered mindfulness-based stress reduction (MBSR) programs, and can consider offering the
Daily Examen prayer practice and Stress Proofing for clergy who do not respond favorably to MBSR.

Research: Future research should: (i) examine whether these three stress management programs operate through their purported mech-
anisms of action; (i) test ambulatory heart rate variability (HRV) at longerterm follow-up for Stress Proofing and the Daily Examen prayer
practice, and determine whether improvements in HRV observed for MBSR persist at longerterm follow-up; and (iii) test other structured
prayer practices for stress management for clergy and possibly other religious populations.

Introduction

Stress is a complex phenomenon occurring when the demands
of a situation exceed the resources that one has to cope effec-
tively [1]. Stress involves a physiological component (i.e.
bodily changes) and a psychological component (e.g. percep-
tion of circumstances in life) [2]. When not managed well,
stress can contribute to physiological problems (e.g. coronary
artery disease, stroke) [3] and psychological concerns (e.g.
major depression) [4].

Clergy are often frontline professionals responsible for care
during times of family and community crisis, and are often
the first person sought out by individuals struggling with seri-
ous mental illness. Identifying evidence-based ways for clergy
to manage and reduce their stress symptoms is important for
clergy themselves and those they help. Physical and mental
health concerns among Mainline Protestant clergy, includ-
ing average-to-elevated prevalence of chronic diseases [35, 6]
and symptoms of depression and anxiety [7-9], may relate to
exposure to chronic stressors. The clergy occupation is emo-
tionally demanding with leadership responsibilities, public
criticism, and few breaks. The translation of efficacious stress
management practices for professionals engaged in emotional
work is needed; previous translational research indicates
the value of disseminating psychosocial interventions in the
workplace [10].

Among the interventions developed for stress management,
mindfulness-based stress reduction (MBSR) is well-established
with demonstrated efficacy at improving symptoms of stress
and anxiety among diverse populations [11, 12]. Unfortu-
nately, poor engagement in mindfulness-based interventions
can be a barrier to obtaining beneficial effects; dropout
rates can exceed 25% [13] and weak associations have been
observed between self-reported home practice and interven-
tion outcomes among 28 studies (r = 0.26, 95% CI: 19-0.34)
[14]. Another intervention, stress inoculation treatment, has
demonstrated efficacy for anxiety [15] and depression [16],
although research on adherence to treatment over time is lim-
ited. Aspects of stress inoculation therapy, such as engaging in
stressful activities to gain confidence in one’s stress-endurance
abilities, draw on cognitive behavioral therapy, which reliably
results in improvement of stress symptoms [17]. We sought to
translate and test efficacious programs of MBSR and stress
inoculation treatment [18] with clergy, attending to the busy
lifestyles and tendency of clergy to overextend themselves due
to the emotional and sacred nature of their work. We further
sought to test a prayer practice without an evidence base for

stress management, but which includes pathways (e.g. atten-
tion focused on the moment, nonjudgmental thinking) that
lead to stress symptom improvement for MBSR [19]. Prayer
practices are personalized to the occupational population
of clergy, which we hoped would promote regular practice.
All interventions tested were delivered remotely due to the
COVID-19 pandemic.

To assess stress management outcomes, stress can be
thought of as a latent construct that varies temporally and
requires assessment of multilevel indicators to adequately
capture [20]. Stress can be measured as an exposure or a
response, and can be approximated through symptoms that
are behavioral, cognitive (e.g. appraisals), affective (e.g.
mood), or physiological (e.g. operation of the autonomic
nervous system). In this study, we sought to capture stress
response through the use of measures that capture physical
and psychological symptoms associated with chronic stress,
and a biological marker associated with stress [i.e. heart rate
variability (HRV)].

HRYV reflects variations in heart rate that index the capac-
ity of the parasympathetic nervous system to alter heart rate
in order to effectively meet the demands of a stressful event
[21]. We chose HRV as a biological indicator of stress for
several reasons, including (i) neurobiological evidence sug-
gesting that HRV is impacted by stress, and supporting its
use for the objective assessment of stress [21, 22]; (ii) prag-
matic considerations, including ease of collecting ambulatory
heart rate data; and (iii) observations from our pilot trial sug-
gesting that HRV would be responsive to the interventions
offered and supporting the feasibility of measuring HRV as
an objective marker of stress within our study population
[23]. Furthermore, HRV reliably covaries with stress during
stress-inducing procedures [22], and lower levels of HRV are
reliably associated with depressed mood [24], anxiety dis-
orders [25], and reports of heightened occupational distress
[26]. Additionally, HRV is a strong indicator of morbidity and
risk of mortality in longitudinal studies [27].

In a meta-analysis specific to mindfulness-based interven-
tions, only three studies evaluated long-term (i.e. 24-hour)
recordings of HRV [28], which may represent a better indica-
tor of chronic stress. Results of these studies were equivocal
and difficult to interpret due to limitations that included rela-
tively small sample sizes (7 = 19-42 [29, 30]), or recruitment
of a health population characterized by dysregulation of the
autonomic nervous system (i.e. fibromyalgia [31]).

The current study aimed to test the effectiveness of three
stress management interventions (i.e. MBSR; the Daily
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Examen prayer practice; and a set of stress inoculation skills
entitled Stress Proofing) shown to be acceptable and feasible in
a pilot study among United Methodist clergy [23]. Outcomes
of interest included symptoms of stress and HRV (co-primary
outcomes), anxiety symptoms (secondary outcome), and
depressive symptoms (exploratory outcome). We avoided a
one-size-fits-all approach and tested three interventions to
allow for treatment personalization [32]; an additional aim
was to determine the effect of participant intervention prefer-
ence on outcomes. We hypothesized that participants in each
of the three active intervention conditions would experience
improvements in each outcome compared to the waitlist con-
trol condition, and that participants with specific intervention
preferences would experience larger improvements.

Methods
Study design

We conducted a partially randomized preference trial with a
waitlist control. Preference-based trials, a type of pragmatic
clinical trial design, recognize that individuals have treatment
preferences that are likely to affect outcomes due to expec-
tancy effects or degree of engagement, which are particularly
important in behavioral interventions [33]. Frequently in
the partially randomized design, study participants without
specific preferences are randomized to intervention, whereas
those with a specific preference are allowed to choose an
intervention [33, 34]. In our design (also used by Carlson
et al. [34]), participants without specific preferences were
randomized to the waitlist control group or one of three
interventions, and participants with a preference were ran-
domly assigned to begin their preferred intervention or to the
waitlist control group. Henceforth, this is referred to as our
“trial-phase” cohort. Following enrollment in the partially
randomized waitlist-controlled preference trial, after the start
of the COVID-19 pandemic, enrollment was re-opened to
a fully “observational” cohort whose participants chose an
intervention without a randomization structure for sensitiv-
ity analyses pertinent to generalizability (see Supplementary
Fig. A1). The study protocol was registered under Clinical-
Trials.gov identifier NCT04625777 and published online. All
procedures were approved by the Duke University Campus
Institutional Review Board and all participants gave informed
consent.

Participants

The United Methodist Church (UMC) in the USA includes
5.7 million members [35] and constitutes 9% of all reli-
gious congregations [36]. The UMC is categorized as a
moderate-to-liberal Protestant Christian denomination,
known for its focus on social and economic justice, respect for
diverse religious beliefs, and openness to modernity [37]. The
two organizing bodies of the UMC in North Carolina (NC)
in 2021 had a combined membership of nearly 1600 clergy,
2300 churches, and 500 000 congregants.

Our target population was ~1600 active UMC clergy in
North Carolina, USA, in 2019-21; this sample of UMC clergy
has been shown to be demographically similar to all Mainline
clergy in the USA [36]. UMC clergy are ordained (or on the
path to ordination) within a specific organizing body called
an Annual Conference. Study inclusion criteria were UMC
clergy ages 18 or older with a current appointment in either

the North Carolina or Western North Carolina Annual Con-
ference. To enhance ecological validity, there were no stress-
or health-related study exclusion criteria. Once in the study,
participants with certain health conditions were excluded
from HRV data collection (detailed below) but included in
survey data collection.

Study procedures
Recruitment and enrollment: Trial cohort

We invited eligible clergy from November 2019 to January
2020 via mail and email addresses provided by the UMC
conferences and announcements at gatherings. We directed
interested participants to a website to enroll prior to Febru-
ary 2020 by (i) completing the Treatment Acceptability and
Preferences Scale [38] for each intervention; (ii) expressing
their preferences, if any, among the three active interventions;
and (iii) providing study consent. Randomized assignments
for participants with and without preferences were performed
in February 2020, as specified in Supplementary Table Al.
Participants assigned to immediate intervention chose among
a list of dates for their desired intervention workshop. The
Selah trial-phase cohort is participants who enrolled prior to
1 March 2020 and provided data while participating in an
immediate intervention or the waitlist condition.

Recruitment and enrollment: Observational cohort

We re-opened enrollment in March 2020, anticipating that
interest in stress management may increase with the start of
the COVID-19 pandemic. Participants who enrolled after 28
February 2020 selected any intervention workshop and dates
from a list; they were not randomized and represent a fully
observational cohort that received their chosen intervention.
The Selah observational cohort is participants enrolled after
1 March 2020, plus post-waitlist data from participants who
enrolled before 1 March 2020.

Randomization

For the trial-phase cohort, we asked participants whether
they preferred any of the three interventions during the
enrollment process. We randomized participants who stated
no preference to be able to immediately receive one of the
three active interventions or to the waitlist using an allocation
ratio of 1:1:1:1. We randomized participants who preferred
one intervention to immediately receive their preferred active
intervention or to a waitlist with a 3:1 intervention vs waitlist
ratio for MBSR and Stress Proofing, and a 5:4 intervention
vs waitlist ratio for the Daily Examen (for all preference sce-
narios, see Supplementary Table A1). The analysis statistician
wrote code to generate the random allocation sequence in
Stata version 16 [39]. Two staff members were responsible for
accessing randomization results and informing participants of
intervention allocation.

Masking

One staff member who was not the analysis statistician exe-
cuted the randomization codes so that the analysis statistician
could remain masked to intervention allocation until data
were collected and analysis decisions finalized. Staff clean-
ing HRV data were masked to intervention assignment. All
others, including participants and intervention workshop
instructors, were aware of group assignments. For details on
masking, see Supplementary Appendix C.
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Intervention and data collection implementation

Implementation of the interventions and data collection for
the trial-phase and observational cohorts occurred during
April 2020 to October 2021. The three active interventions
were designed as multi-session workshops and are described
in detail in the protocol manuscript [40]. As a pandemic-
related modification to the trial, workshops were conducted
synchronously online in groups of 5-25 participants rather
than in-person. Adaptations to study design due to COVID-
19 have been described in detail previously [40]. Participants
provided data from their homes or personal settings.

Interventions
MBSR

MBSR teaches a set of meditation activities, along with atten-
tion to attitudes. We contracted with certified instructors from
Duke Integrative Medicine who used a criterion-standard
mindfulness-based intervention based on Jon Kabat-Zinn’s
model [41]. An instructor taught eight weekly 90-minute, syn-
chronous, web-based videoconference sessions on awareness
of breath, body scans, walking meditation, “choiceless” open
awareness, Loving Kindness Meditation, yoga, and bringing
awareness to the present moment. The course provided med-
itation instruction, periods of guided practice, and group dis-
cussion. Following their first session, participants were asked
to practice MBSR for 45 minutes per day for 6 months. After
the eight sessions, participants were offered a 4-hour online
“Day of Mindfulness” which included participants and com-
munity members not enrolled in the study.

The Daily Examen prayer practice

The Daily Examen is a Jesuit reflective prayer practice devel-
oped by Ignatius of Loyola and widely practiced by Chris-
tians from many traditions. Two certified spiritual directors
who are expert in the Daily Examen developed and co-taught
each training. They used a five-step, modern adaptation of
the Daily Examen [42]: (i) Become aware of God’s presence;
(i) review the events of the past 24 hours, recalling things
for which you are grateful; (iii) review the events of the past
24 hours, noticing where you experienced God’s presence;
review what stands out and pay attention to what emotions
arise; (iv) Consider what went well or wrong, and if needed,
ask God for forgiveness; and (v) look ahead to the next day;
consider one thing you should do and where you need God’s
assistance.

With some similarities to mindfulness-based practices,
these steps help participants attend to the present by reflect-
ing on positive emotions, moving past negative emotions, and
aligning their actions with their perception of God’s wishes,
with decreased judgment of their thoughts and feelings. The
trainings consisted of three 90-minute, synchronous, web-
based sessions and involved didactic content, practice, and
small group discussion. Participants were asked to commit
to practicing the Daily Examen daily for 10-15 minutes over
6 months following their first workshop session. Two and
6 weeks following their workshop, participants had the
option to meet with their instructors in an online small group
to discuss their practice.

Stress Proofing inoculation combination

Stress Proofing is a set of stress reduction skills with aspects
of stress inoculation training [19, 20] selected and packaged
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by the NC Systema organization founder into four weekly
90-minute, synchronous, web-based sessions. The founder
was the instructor for all study training sessions. The four-
session series began with education on the stress response and
awareness of one’s own stress response. The training diverged
from traditional stress inoculation training and focused on
physical activities to undo the stress response, including
walking while diaphragmatic breathing, triangle and square
breathing, tension control, stretching, and massage. The
instructor discussed stress inoculation training and encour-
aged participants to embrace physical discomfort to learn to
tolerate discomfort [20]. The session content recommended
a variety of beneficial lifestyle practices, including prioritiz-
ing nutrition and sleep and disengaging from technological
devices an hour before sleep. We asked participants to prac-
tice diaphragmatic breathing and any other Stress Proofing
activities daily for 6 months. Workshops were taught by the
founder.

Waitlist condition

Waitlist participants waited at least 6 months to participate
in interventions. During this time, they completed surveys at
0,12, and 24 weeks. We invited participants without disqual-
ifying health conditions (as noted below in Measures: HRV)
to additionally provide a 48-hour continuous ambulatory
heart rate recording coinciding with their 0- and 12-week sur-
veys. After completing the waiting period, participants could
update their intervention preference and receive an interven-
tion while providing survey and HRV data.

Measures
Co-primary outcomes: Stress symptoms and HRV

Stress symptoms were measured using the subscales of anger,
muscle tension, cardiopulmonary arousal, neurological/
gastroenterological, and cognitive disorganization (total 41
items) of the Calgary Symptoms of Stress Inventory (C-SOSI),
a reliable and valid measure guided by mindfulness-based
theory in its development [43, 44]. Participants were asked
to indicate on a scale of O (never) to 4 (frequently) of how
often they experienced each symptom when presented with
a stressor. We used continuous mean scores of all the items
(range 0—4), with higher mean scores indicating worse symp-
toms. The study Cronbach’s alpha was 0.96.

Ambulatory HRV was measured across a 48-hour period,
and indexed using the time-domain metric root mean square
of successive RR differences (RMSSD) because it is less
affected by breathing and a more suitable outcome measure
in ambulatory studies than frequency-domain measures [45].
Participants were mailed a Bittium eMotion Faros 180 heart
rate recording device with electrodes two weeks prior to the
intervention, and taught to connect the device to two pre-
gelled (Ag/AgCl) disposable Ambu BlueSensor wet-gel ECG
electrodes placed beneath the right clavicle and left ribcage.
Participants were instructed to wear this ambulatory heart
rate monitoring device for a 48-hour period at week 0 and
week 12, during which time they proceeded with their usual
work, exercise, bathing, and sleep routines. Heart rate was
measured using continuous electrocardiographic (ECG)
recording sampled at a rate of 1000 Hz, and used to cal-
culate HRV. Study staff imported the 48-hour ECG record-
ing to Kubios HRV Premium V3.4.1 software, partitioned
it into 5-minute segments, visually inspected it to allow for
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manual correction of ectopic beats, detrended it, and sub-
jected it to Kubios’ automatic artifact correction algorithm.
Two individual-level cosine function parameters were esti-
mated across 5-minute segments by Ordinary Least Squares
regression to quantify the circadian variability parameters: (i)
Midline Estimating Statistic of Rhythm (MESOR), defined
as the rhythm-adjusted 24-hour mean, and (ii) amplitude,
defined as the distance between MESOR and the maximum
of the cosine curve (i.e. half the extent of rhythmic change in a
cycle). Participants were excluded from HRV data collection
if they had underlying medical conditions, including a diag-
nosis of tachycardia; being pregnant or becoming pregnant
during the course of data collection; being diagnosed with
COVID-19; having a pacemaker; or documentation of other
cardiovascular-related chronic or acute morbidities that could
impact the integrity of HRV data (Supplementary Table A2).
See Supplementary Methods for detailed HRV procedures.

Secondary and exploratory outcomes

The secondary outcome, symptoms of anxiety, was mea-
sured using the seven-item Generalized Anxiety Disorder-7
(GAD-7) scale (sum scores ranged from 0 to 21, with scores
of >8 screening positive for elevated anxiety symptoms) [46].
The study Cronbach’s alpha was 0.90. The exploratory out-
come of depressive symptoms was measured using the eight-
item Patient Health Questionnaire-8 (PHQ-8; sum scores
ranged from 0 to 24, with scores of >10 screening positive
for elevated depressive symptoms) [47]. The study Cron-
bach’s alpha was 0.87.

Demographic, intervention preference, and clinical measures

Sociodemographic and clinical measures were obtained
by self-administered surveys during the baseline, 12-, and
24-week time periods. The clinically relevant constructs
included physical activity, body mass index (BMI), and caf-
feine and alcohol intake. Preference measures were collected
by self-administered surveys; the Treatment Acceptability and
Preferences Scale [38] was administered during the enrollment
period and preference for online vs in-person intervention
was administered at baseline (see Supplementary Methods
for details).

Engagement measure: Daily practice reports via text

We sent participants a daily text message for 24 weeks during
the active intervention period. MBSR participants reported
the number of minutes practiced the prior day. Daily Examen
participants reported whether or not they had practiced the
prior day. Stress Proofing participants reported whether they
had conducted 0, 1, or 2 “resets” (i.e. Stress Proofing prac-
tices) the prior day.

Data collection procedures

Intervention participants

For both trial-phase and observational cohort participants,
we collected survey data, solicited by email and administered
in REDCap database software 12.4.28 [48], at intervention
start (0 weeks), 12 weeks, and 24 weeks. We collected HRV
data at 0 and 12 weeks. We mailed participants Bittium eMo-
tion Faros 180 ambulatory heart rate recording devices. After
collecting their 48-hour sample, participants returned devices
by mail. Study staff cleaned and processed the data using
Kubios Premium software 3.4.1 [49]. Baseline data collection

occurred after randomization among trial participants, thus
it was possible for dropout to occur prior to baseline data
collection.

Waitlist participants

We initiated data collection from waitlist participants in
groups of 20 starting in June 2020, July 2020, September
2020, and February 2021 to span the range of data collec-
tion from immediate intervention participants. The spacing
of data collection during the waiting period matched that of
intervention participants: surveys at 0, 12, and 24 weeks, and
HRYV data at 0 and 12 weeks. We asked waitlist participants
who proceeded to start an intervention following the waiting
period to provide data again during their intervention period
following this same schedule. We included the post-waitlist
intervention data in observational arm (i.e. sensitivity) anal-
yses.

Incentives

We compensated participants $25 for each occasion of
48-hour ambulatory HRV data submitted, $20 each for 0-
and 12-week surveys, and $25 for 24-week surveys.

Data availability

The datasets generated during the current study are not pub-
licly available but we will make de-identified data available
for reasonable requests compliant with ethical approvals
from the sending and receiving hosts’ institutional ethics
review boards.

Statistical analysis

The Selah study team administers a biennial panel survey of
all UMC clergy in North Carolina, the Clergy Health Initia-
tive Longitudinal Survey. The 2019 wave of the panel survey
obtained a 73% response rate. We compared descriptive sta-
tistics between the Selah trial phase and the 2019 panel sur-
vey to determine characteristics associated with self-selection
of clergy into the Selah study and to inform representative-
ness of the study participants and generalizability of results.

Based on results from our pilot study, we expected an aver-
age baseline C-SOSI score of 0.92 (SD = 0.46) across all inter-
ventions, with 12-week follow-up scores of 0.7 (SD = 0.58)
for MBSR, 0.55 (SD = 0.36) for Stress Proofing, and 0.51 (SD
= 0.38) for the Daily Examen. A per-arm sample size of 40
for Daily Examen, 47 for Stress Proofing, and 195 for MBSR
would have 80% power to detect similar differences, using a
two-sample #-test with unequal variance given 20% loss to
follow-up and a design effect of 1.3 (with an average cluster
size of 12) due to clustering caused by group delivery of the
intervention. For HRV, a per-arm sample size of 140 would
have 80% power to detect a medium effect size (standardized
mean difference of 0.5) for a two-sample t-test, assuming a
similar follow-up rate and design effect as with C-SOSI. All
sample size calculations assumed an alpha of 0.0167 based on
a Bonferroni correction on three hypotheses (for three inter-
ventions) and were conducted using PASS 2021 software. We
aimed for a combined sample of 400 intervention and control
participants (see Supplementary Appendix for details).

Use of the partially randomized preference design with a
waitlist control during the trial phase meant that the analytic
data would be a mix of data from participants who were:
(i) randomized to one of three active interventions to start
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immediately, or to a waitlist control group (for trial partici-
pants who had no preference) and (ii) assigned to one’s pre-
ferred intervention and then randomized to start immediately
or to the waitlist control group (for trial participants who
had a preference and were allowed to select their interven-
tion). This approach increased the likelihood that interven-
tion arms would be imbalanced on baseline characteristics in
ways that may be associated with study outcomes in an unad-
justed analysis, even with the inclusion of a shared waitlist
control. In addition, randomization was performed prior to
baseline data collection, with substantial dropout before data
collection commenced. A propensity score covariate adjust-
ment method [50] was selected using covariate balancing
propensity scores [51]; details are provided in Supplementary
Methods. All analyses use an as-treated approach to calculate
treatment effects.

Main outcome models used linear mixed-effects mod-
els with random intercepts at the level of the individual to
account for repeated measurements within individuals. Ran-
dom slopes on a binary treatment indicator for the group
assignment were used to produce a random intercept for
each workshop and a separate intercept for the un-clustered
control arm in order to account for partial clustering due to
group-administered treatment [52]. We calculated an inter-
class correlation coefficient (ICC) for each outcome model to
quantify the level of clustering due to group treatment. We
included a cubic functional form for calendar time to protect
against time confounding (details included in Supplementary
Methods).

Because propensity score adjustment was used to balance
baseline levels of the outcomes (in addition to other prog-
nostic characteristics), we chose to model treatment effects
longitudinally using a constrained longitudinal data analysis
modeling (cLDA) approach, which models baseline as an out-
come and assumes baseline levels of the outcome are equal
across arms [53]. Due to known variation in timing of the
12- and 24-week surveys, time was modeled continuously in
weeks from baseline using linear splines with knots at 12 and
24 weeks for C-SOSI, GAD-7, and PHQ-8 outcomes and one
knot at 12 weeks for HRV outcomes. Treatment effects were
between-arm differences in outcomes at 12 weeks (primary)
and 24 weeks (secondary). We used robust sandwich standard
errors to account for the fact that propensity scores were esti-
mated.

We extracted and compiled the text data to calculate the
proportion of participants engaging in their assigned practice
on each day throughout the 24 weeks. Analysis of practice
data was purely descriptive with no hypothesis testing.

Subgroup analysis was performed to ascertain whether
treatment effects were different for participants who
received an intervention that they uniquely preferred ver-
sus those that had tied or no preference or who received an
intervention other than the one for which they expressed
a unique preference. Treatment effect estimates by prefer-
ence status were calculated using binary interaction terms
with treatment and time terms with calculated linear com-
binations for treatment estimate by preference status. These
subgroup analyses are strictly exploratory, thus analytic
focus should be on effect estimates, confidence intervals,
and magnitude of interaction terms rather than statistical
significance and any patterns observed would need to be
confirmed in a future randomized study for definitive con-
clusions to be made.

Proeschold-Bell et al.

Data collected from trial-phase participants who provided
post-waitlist data while receiving an intervention or from
participants who enrolled in the study after 1 March 2020
and therefore were not randomly assigned to immediate inter-
vention vs control were considered fully observational and
separate from the trial-phase data collection and thus were
excluded from the main analysis. A sensitivity analysis was
performed pooling these data with the trial-phase data to
ascertain whether results remained when all available data
were used.

Missing data were present both in baseline covariates used
to generate propensity scores and 12- and 24-week outcome
data due to study dropout. Therefore, sensitivity analyses
were performed using multiple imputation with chained
equations (MICE) [54] (see Supplementary Materials) to
assess the extent to which missing data and study dropout
may have affected the magnitude and direction of treatment
effect estimates. Propensity scores were calculated separately
for each of the imputation datasets and estimates combined
using Rubin’s rules [55].

All statistical tests used an alpha of 0.05. Because we were
interested in examining the effectiveness of each intervention
separately and there were two correlated primary outcomes of
interest (C-SOSI and HRV MESOR), P-values were adjusted
for two tests separately for each intervention [56] based on
trial-phase data using the Benjamini-Hochberg procedure
[57]. Original and corrected P-values are presented only for
primary outcomes. Statistical analyses were conducted using
Stata Statistical Software: Release 17 [58], except that the
propensity scores were calculated using R Statistical Soft-
ware: Version 4.1.1 [59] and the CBPS package [51].

Results

Study flow

As shown in Supplementary Fig. B1, 1642 eligible UMC
clergy were invited to participate; prior to 1 March 2020, 390
consented. Assignment to interventions was preference-based
with 310 (79.5%) indicating a preference for one single inter-
vention or ambivalence between two interventions, and 80
(20.5%) indicating no preference among the three interven-
tions. Of the 310 clergy with a preference, 207 were assigned
to their uniquely preferred intervention (or, if ambivalent
between two interventions, to one of the two) to occur imme-
diately (with 144 going forward to participate in interven-
tions), while 103 were randomly assigned to the waitlist (with
62 providing baseline data). The 80 clergy without any prefer-
ence were randomly assigned between the three interventions
and the waitlist control group. Of the 80 without any pref-
erence, 60 (20 per intervention) were randomly assigned to
interventions, of whom 40 went on to participate and provide
baseline data, and 20 of the 60 were randomly assigned to the
waitlist, (with 9 providing baseline data). Thus, the waitlist
analysis sample consisted of 71 participants. Of the 390 who
consented before 1 March 2020, 135 ultimately declined to
participate in the trial. 255 provided survey data and 157 also
provided HRV data; of the 255, 8% (n = 20) were excluded
from HRV data collection and 31% (7 = 78) had missing
HRYV data. See Supplementary Table A2 for exclusion reasons
and counts.

Among the 255 participants, 71 were assigned to the
waitlist control group and 184 stated a unique intervention
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preference at study registration. Of the 184, 14 changed
their preference between study registration and interven-
tion launch. Reasons for not receiving one’s initial preferred
intervention were participant-driven, possibly due to new
circumstances from the pandemic, our switch from in-person
to online-only delivery, or logistical reasons such as specific
intervention dates and times. Of the 184 trial participants
who received an immediate intervention, 40 did not have any
preference at study registration and were randomly assigned
between 3 interventions, and 144 received an intervention
that they indicated they preferred either at study registration
or at intervention launch. Thus, 22% of immediate interven-
tion participants were fully randomized both to intervention
type and to immediate vs waitlist, and 78 % were randomized
only to immediate vs waitlist.

As shown in Supplementary Fig. B1, 47 participants ran-
domized to waitlist participated in post-waitlist interventions
and were included in sensitivity analyses. An additional 63
individuals consented to participate in the interventions after
1 March 2020 (see Supplementary Fig. B2), of whom 50 par-
ticipated and were included in sensitivity analyses.

Sample characteristics

Table 1 reports comparisons of baseline characteristics
between participants assigned to the immediate interventions
vs waitlist. Participants were evenly split between females
(47.5%) and males (52.5%), with a mean age of 53.9 (SD =
11.2) years, predominantly white (90.6%) or Black (5.9%),
married or cohabitating (89.4%), and serving a church
(82.4%). Supplementary Tables B2 and B3 report baseline
characteristics of the subsample of participants that provided
HRYV data and pooled trial and observational participants.

Supplementary Table B1 depicts comparisons of charac-
teristics of Selah trial phase participants with those of the
eligible population (i.e. those who participated in the 2019
panel survey). Females were more likely to participate in the
Selah study than males (47.5% in Selah vs 33.7% in the panel
study, P <.001). Those who were bi-vocational (P <.001),
had BMI <30 (P = .043), and self-reported diabetes (P = .002)
were less likely to participate in the Selah study; those with
elevated depressive symptoms were more likely to participate
(P =.005).

Engagement

Participation in intervention sessions was high across all
three active interventions (Supplementary Table B4). The
median size of intervention groups was eight (Interquartile
Range, IQR: 4,10) across a total of 21 groups. For Stress
Proofing, 87.5% attended three out of four main sessions and
62.5% of participants attended four out of four main ses-
sions, with more than half attending the optional follow-up
session. For the Daily Examen, 95.8% of participants
attended all three sessions, with more than half attending at
least one optional follow-up session. For MBSR, the median
participant attended seven of eight sessions.

The text message response rate for all interventions peaked
at three weeks: Stress Proofing, 85.9%; Daily Examen, 90.2%;
MBSR, 86.5%; see Supplementary Fig. B3. At 24 weeks, the
combined text response rate was 70.0%. Reports of any prac-
tice the day before at 24 weeks were high: Stress Proofing,
68%; Daily Examen, 72%; MBSR, 78%. For those reporting
any practice, the average reported minutes of MBSR practice
per day across the 24 weeks was 28.4 (SD=16.8) minutes.

Propensity scores

Supplementary Table A3 shows the variable specifications for
propensity score models. Distributions of propensity scores
indicated good overlap, with overdispersion at low pro-
pensity scores across all intervention types (Supplementary
Fig. B4). Comparisons of unweighted descriptive statistics
between treatment conditions indicated relatively good a pri-
ori balance between participants in most sociodemographic
characteristics (Supplementary Table BS). Those in Stress
Proofing and MBSR exhibited higher baseline levels of stress,
anxiety, and depressive symptoms than their counterparts in
Daily Examen and the waitlist. After propensity score adjust-
ment, differences between treatment arms were systematically
reduced.

Primary outcome analyses
Stress symptoms (C-SOSI)

The baseline adjusted mean C-SOSI score across all arms
was 1.01 (95% CI: 0.95, 1.06) (Table 2). Mean differences in
C-SOSI scores between an active treatment arm and waitlist
at 12 weeks were most pronounced for MBSR [Mean Dif-
ference (MD) = -0.30, 95% CI: -0.41, -0.20; P <.001] and
Stress Proofing participants (MD = -0.27, 95% CI: -0.40,
-0.14; P < .001), with less evidence of substantial differences
for Daily Examen participants (MD = -0.08, 95% CI: -0.21,
0.05). By 24 weeks post-baseline, differences between active
treatment arms and the waitlist control grew more substan-
tial, with stronger evidence of differences between Daily
Examen and waitlist participants (MD = -0.24, 95% CI:
-0.41, -0.08), in addition to larger differences between Stress
Proofing and MBSR vs waitlist participants.

HRV

Baseline adjusted mean MESOR across all arms was 24.6 ms
(95% CI: 22.2, 27.1) and amplitude was 7.88 ms (95% CI:
6.54,9.22, Table 2). At 12 weeks, participants in MBSR had
a modest 3.32 ms higher mean MESOR (95% CI: 0.21, 6.44;
P =.036) and a 1.94 ms higher amplitude (95% CI: 0.17,
3.72) than similar participants in waitlist control. There was
no evidence of a significant difference in MESOR or ampli-
tude for the other intervention arms vs the waitlist.

Secondary and exploratory outcome analyses
Anxiety symptoms (GAD-7)

The baseline adjusted mean GAD-7 score across all arms was
4.92 (95% CI: 4.50, 5.34, Table 2). Similar to the stress symp-
toms results, participants in Stress Proofing (MD = -1.29
points, 95% CI: -2.27, -0.26 at 12 weeks; MD = -1.45,
95% CI: -2.68, -0.23 at 24 weeks) and MBSR (MD = -1.85
points, 95% CI: -2.66, -1.04 at 12 weeks; MD = -2.40, 95%
Cl: -3.43, -1.36 at 24 weeks) had fewer symptoms of anxiety
at 12 and 24 weeks than comparable participants in the wait-
list control, with the greatest differences for MBSR. Differ-
ences between Daily Examen and waitlist participants were
modest at 12 weeks (MD = -0.51, 95% CI: -1.42, 0.40) and
more pronounced at 24 weeks (MD = -1.36, 95% CI: -2.49,
~0.24).

Depressive symptoms (PHQ-8)

The baseline adjusted mean PHQ-8 score across all arms
was 5.51 (95% CI: 5.11, 5.91, Table 2). Similar to the
results for anxiety symptoms, at 12 weeks, Stress Proofing
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Table 1 Baseline characteristics of active intervention and waitlist study arms for trial period participants

Waitlist Stress Proofing Daily Examen Mindfulness-based  Total
stress reduction

(N=71) (N = 48) (N=71) (N = 65) (N = 255)
Age (in years)

Mean (SD) 54.8 (10.1) 53.4 (10.6) 54.5 (11.8) 52.6 (12.1) 53.9 (11.2)
Sex

Female 32 (45.1%) 30 (62.5%) 28 (39.4%) 31 (47.7%) 121 (47.5%)

Male 39 (54.9%) 18 (37.5%) 43 (60.6%) 34 (52.3%) 134 (52.5%)
Race and ethnicity

White and not Latinx 65 (91.5%) 45 (93.8%) 60 (84.5%) 61 (93.8%) 231 (90.6%)

African American and not Latinx 5(7.0%) 3(6.3%) 5(7.0%) 2 (3.1%) 15 (5.9%)

Asian/Pacific American, Native Amer- 1(1.4%) 0 (0.0%) 6 (8.5%) 2 (3.1%) 9 (3.5%)

ican, Latinx, multiracial, and other
Marital and habitation status

Not married, or married but sepa- 8 (11.3%) 8 (16.7%) 6 (8.5%) 5(7.7%) 27 (10.6%)

rated/divorcing

Married or cohabitating 63 (88.7%) 40 (83.3%) 65 (91.5%) 60 (92.3%) 228 (89.4%)
Any children live at home?

No 38 (53.5%) 28 (59.6%) 39 (54.9%) 29 (46.0%) 134 (53.2%)

Yes 33 (46.5%) 19 (40.4%) 32 (45.1%) 34 (54.0%) 118 (46.8%)
Clergy appointment

Pastoral charge 58 (81.7%) 39 (81.3%) 61 (85.9%) 52 (80.0%) 210 (82.4%)

Extension or other 13 (18.3%) 9 (18.8%) 10 (14.1%) 13 (20.0%) 45 (17.6%)
Bi-vocational

No 68 (95.8%) 45 (93.8%) 70 (98.6%) 63 (96.9%) 246 (96.5%)

Yes 3 (4.2%) 3(6.3%) 1(1.4%) 2(3.1%) 9 (3.5%)
Hours per week worked as UMC full-time clergy®

Mean (SD) 49.5 (9.9) 50.2 (9.6) 49.4 (11.1) 49.0 (11.4) 49.5 (10.5)
Stress from congregation(s)/work from Nov 2019 to registration, [0-3]

Mean (SD) 1.8 (0.7) 2.1 (0.8) 1.9 (0.7) 1.9 (0.8) 1.9 (0.7)
Financial stress?

Not at all or slightly stressful 48 (68.6%) 32 (68.1%) 51(71.8%) 41 (66.1%) 172 (68.8%)

Moderately, very, or extremely 22 (31.4%) 15 (31.9%) 20 (28.2%) 21(33.9%) 78 (31.2%)
Alcoholic drink intake?

None 3(32.9%) 16 (34.0%) 7 (38.6%) 0 (32.8%) 6 (34.7%)

Occasional drink (not every week) 7 (24.3%) 13 (27.7%) 7 (24.3%) 3(21.3%) 0(24.2%)

1-2 drinks 11 (15.7%) 7 (14.9%) 3 (18.6%) 12 (19.7%) 3(17.3%)

3-6 drinks 1(15.7%) 8 (17.0%) 6 (8.6%) 1(18.0%) 36 (14.5%)

about a drink a day 6 (8.6%) 2 (4.3%) 4(5.7%) 4 (6.6%) 16 (6.5%)

more than a drink a day 2(2.9%) 1(2.1%) 3(4.3%) 1(1.6%) 7 (2.8%)
Self-reported current heavy alcohol use®

No 68 (100.0%) 46 (97.9%) 68 (97.1%) 59 (98.3%) 241 (98.4%)

Yes 0 (0.0%) 1(2.1%) 2(2.9%) 1(1.7%) 4(1.6%)
Caffeinated beverage intake per day®

None 9 (12.9%) 5(10.6%) 0 (14.3%) 6 (9.8%) 0 (12.1%)

1 cup 18 (25.7%) 11 (23.4%) 3 (18.6%) 17 (27.9%) 9 (23.8%)

2-3 cups 31 (44.3%) 23 (48.9%) 7 (52.9%) 27 (44.3%) 113 (47.6%)

4-5 cups 10 (14.3%) 7 (14.9%) 8 (11.4%) 8 (13.1%) 3(13.3%)

6 or more cups 2 (2.9%) 1(2.1%) 2(2.9%) 3 (4.9%) 8 (3.2%)
Metabolic equivalents (METs) per week®

Mean (SD) 71.0 (89.4) 62.0 (70.2) 74.7 (93.2) 56.7 (76.3) 66.7 (83.9)
BMI

Mean (SD) 30.3 (6.9) 31.0 (6.9) 30.4 (6.6) 31.5(7.8) 30.8 (7.0)
Obesity

Not obese (BMI <30) 38 (53.5%) 23 (47.9%) 38 (53.5%) 32 (49.2%) 131 (51.4%)

Obese (BMI 30+) 33 (46.5%) 25 (52.1%) 33 (46.5%) 33 (50.8%) 124 (48.6%)
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Table 1. Continued
Waitlist Stress Proofing Daily Examen Mindfulness-based  Total
stress reduction
(N=71) (N = 48) (N=71) (N = 65) (N = 255)
High blood pressure
No (including missing) 43 (60.6%) 32 (66.7%) 47 (66.2%) 45 (69.2%) 167 (65.5%)
Yes, current or history 28 (39.4%) 16 (33.3%) 24 (33.8%) 20 (30.8%) 88 (34.5%)
Diabetes
No (including missing) 58 (81.7%) 45 (93.8%) 61 (85.9%) 59 (90.8%) 223 (87.5%)
Yes, current or history 13 (18.3%) 3(6.3%) 10 (14.1%) 6(9.2%) 32 (12.5%)
Depression screens?
Negative (PHQ-8 <10) 63 (90.0%) 39 (81.3%) 62 (87.3%) 46 (71.9%) 210 (83.0%)
Positive (PHQ-8 10+) 7 (10.0%) 9 (18.8%) 9 (12.7%) 18 (28.1%) 43 (17.0%)

* Among all the Selah Trial participants, there were small numbers of missing values for: whether they had children at home (7 = 3); financial stress (1 = 5);
alcohol intake (7 = 7); whether they were experiencing heavy alcohol use (7 = 10); caffeine intake (12 = 7); and PHQ-8 depression screens (7 = 2).

"In the Selah Trial sample, there are 217 full-time clergy: 62 in the waitlist arm, 40 in the Stress Proofing arm, 58 in the Daily Examen arm (3 participants
missed values for number of hours worked per week), and 57 in the MBSR arm. Among these full-time clergy, 3 were missing values for the number of

work hours per week.

¢Participants engaged in a mean of 15 minutes of activity during the week and burned a total of 66.7 metabolic equivalents (METs) which woudl equate to
consuming ~3.502L of additional oxygen given that 1 MET is ~3.5 ml of oxygen consumed per kilogram bodyweight per minute (ml/kg/min). Among the
Selah Trial participants, 1 participant value for metabolic equivalents was missing.

and MBSR participants had fewer symptoms of depression
than comparable participants in the waitlist control (Stress
Proofing: MD = -1.72,95% CI: -2.82, -0.63; MBSR: MD
=-2.07,95% CI: -3.15, -1.00), with sustained differences
between participants in each intervention vs waitlist con-
trol at 24 weeks (Stress Proofing: MD = -1.60, 95% CI:
~3.00, -0.20; MBSR: MD = -2.46, 95% CI: -3.69, —1.24).
Differences between Daily Examen and waitlist partici-
pants were observed at both 12 weeks (MD = -1.21, 95%
CL: -2.37, -0.05) and 24 weeks (MD = -1.48, 95% CI:
-2.88,-0.08).

Subgroup analyses

Participants who received a uniquely preferred intervention
(n = 174) largely resembled those who did not (#z = 81) in
terms of baseline sociodemographic and clinical characteris-
tics. Being white (P = .01), having a lower BMI (P = .001),
and having higher levels of physical activity (P = .015) were
correlated with engaging in an initially preferred intervention
(Supplementary Table B11).

When estimates were stratified by receipt of an initially
uniquely preferred intervention, there was little evidence
of heterogeneity in treatment effects for stress, anxiety, and
depressive symptom outcomes at 12 weeks (Figs. 1-4, Supple-
mentary Fig. BS). For Stress Proofing outcomes at 24 weeks,
there was some evidence that those who did not have a unique
preference (or, in rarer cases, whose initial preference did not
match their intervention group) had a larger treatment effect
(lower stress and depressive symptoms compared to waitlist)
than those who had and received their initial uniquely pre-
ferred intervention (stress symptoms interaction effect = 0.20,
95% CI: 0.08, 0.32; depressive symptoms interaction effect =
1.84,95% CI: 0.44, 3.24).

Sensitivity analysis
When missing outcome and covariate values were imputed
using MICE methods, results for stress, anxiety, and depressive

symptoms at 12 weeks did not differ substantially from com-
plete case estimates (Supplementary Table B9). However,
magnitudes of treatment effects at 24 weeks were attenuated
when missing values were imputed, suggesting that partici-
pants with lower stress, anxiety, and depressive symptom
scores may have been more likely to drop out of the study
between 12 and 24 weeks. In contrast, multiply imputed esti-
mates for HRV outcomes moved in the direction of better
HRV outcomes across all interventions. Results of the trial
data were largely similar to pooled results with observational
and post-waitlist data (Supplementary Table B10).

Discussion

We performed a partially randomized, participant-preference,
waitlist control study to evaluate the effectiveness of three
potentially stress-reducing interventions on self-reported
symptoms of stress and one biological marker of parasympa-
thetic nervous system activity among an occupational group
of United Methodist clergy with challenging work. We mea-
sured engagement and analyzed trial data from 255 partici-
pants who underwent randomization.

Separate profiles of evidence emerged when each inter-
vention was independently compared to the waitlist control.
Participants allocated to MBSR evidenced improvement
in self-reported symptoms of stress, anxiety, and depressed
mood, and in HRV MESOR and amplitude from pre- to post-
intervention at 12 weeks, with improvements in symptoms of
stress, anxiety, and depressed mood maintained at 24 weeks.
Participants allocated to Stress Proofing evidenced improve-
ments in symptoms of stress, anxiety, and depressed mood
from pre- to post-intervention at 12 weeks and maintained
at 24 weeks but did not evidence change in HRV parameters.
Improvement in symptoms of stress, anxiety, and depressed
mood among participants who completed the Daily Examen
were not evidenced until 24 weeks with no change evi-
denced in HRV parameters. Stated alternately, participation
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n

C-SOSI stress symptoms

Intervention (vs
ctrl) and time pt

Stress Proofing, 12 wks
Main result

Initial unique pref rec'd
Not unique or rec'd other

Stress Proofing, 24 wks
Main result

Initial unique pref rec'd
Not unique or rec'd other -

Daily Examen, 12 wks
Main result

_—

Interaction
Effect (95% ClI)

Intervention
Effect (95% Cl)

-0.27 (-0.40, -0.14)
-0.27 (-0.44, -0.11)
-0.26 (-0.40, -0.11)

-0.02 (-0.21,0.18)
(Ref)

-0.31 (-0.48, -0.14)
-0.26 (-0.44, -0.08)
-0.46 (-0.64, -0.27)

0.20 (0.08,0.32)
(Ref)

-0.08 (-0.21, 0.05)

Initial unique pref rec'd
Not unique or rec'd other

Daily Examen, 24 wks
Main result

——
——

-0.06 (-0.24, 0.11)
— -0.10 (-0.24, 0.03)

0.04 (-0.16,0.24)
(Ref)

-0.24 (-0.41, -0.08)

Initial unique pref rec'd =
Not unique or rec'd other

Mindfulness, 12 wks
Main result

——
———
Initial unique pref rec'd —_—

-0.22 (-0.42, -0.03)
-0.27 (-0.43, -0.11)

0.05 (-0.13,0.22)
(Ref)

-0.30 (-0.41, -0.20)

-0.34 (-0.44, -0.24) -0.10 (-0.28,0.08)

Not unique or rec'd other

Mindfulness, 24 wks
Main result

Initial unique pref rec'd
Not unique or rec'd other

-0.24 (-0.43, -0.05) (Ref)

-0.42 (-0.55, -0.28)
-0.40 (-0.56, -0.23)
-0.43 (-0.58, -0.29)

0.04 (-0.13,0.20)
(Ref)

I
A1

o

Figure 1 Subgroup analysis of heterogeneity of treatment effects on stress symptoms by intervention preference type

in MBSR resulted in stable and enduring improvement in
self-reported and physiological correlates of stress, while
participation in Stress Proofing resulted in enduring improve-
ment in self-reported correlates of stress, and participation
in the Daily Examen resulted in delayed improvements in
self-reported correlates of stress.

We included MBSR as a gold standard stress manage-
ment intervention. The enduring improvements in symptoms
observed among participants allocated to MBSR are consis-
tent with a systematic review of the effects of MBSR inter-
ventions among nonclinical samples that reported significant
improvements in symptoms of stress, anxiety, and depression
when compared to nonactive control conditions [60]. In the
current study, these findings may be attributed to regular
engagement across 24 weeks; study participants practiced an
average of 28 minutes per day, which is consistent with a sys-
tematic review of 43 studies of MBSR and mindfulness-based
cognitive therapy which found an average home practice
duration of about 30 minutes per day, six days per week [14].
The beneficial outcomes are noteworthy with an average
practice of 28 minutes on days of any practice.

We hypothesized that the Daily Examen may influence
symptoms of stress through mechanisms similar to those for
MBSR [61]. Both practices develop the ability to observe and

describe thoughts, feelings, and behaviors, which may help
bring attention to the present (or past 24 hours) as opposed to
worry about the future. Furthermore, both practices encour-
age nonreactivity toward thoughts and feelings, which may
promote calmness. Statistically significant improvements in
self-reported correlates of stress were not evidenced among
participants allocated to the Daily Examen until 24 weeks.
Among participants who provided engagement data, Daily
Examen practice was high throughout the 24 weeks. A prayer
practice may be particularly acceptable for populations such
as clergy and other people of faith. The Daily Examen, at just
15 minutes/day, may be more feasible than MBSR to sustain
past 24 weeks. Only one empirical study on the Daily Examen
other than our pilot study has been published focusing on
positive emotions; participants randomly assigned to practice
the Examen increased in self-transcendent positive emotions
but not eudaimonic motivation after 2 weeks [62]. The cur-
rent study is the first to empirically investigate the effects of
the Daily Examen on stress outcomes.

Consistent with studies on stress inoculation therapy [135,
16], Stress Proofing—a set of stress inoculation, breath-
ing, and walking exercises plus lifestyle changes—led to
post-intervention and enduring improvements in self-reported
correlates of stress. Stress Proofing exercises differed from
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GAD-7 anxiety symptoms

Intervention (vs
ctrl) and time pt

Interaction
Effect (95% CI)

Intervention
Effect (95% CI)

Stress Proofing, 12 wks
Main result ——— -1.29 (-2.27,-0.31)
Initial unique pref rec'd _— -1.21 (-2.26, -0.17) 0.32 (-0.86,1.50)
Not unique or rec'd other -_— -1.53 (-2.75, -0.31) (Ref)
Stress Proofing, 24 wks
Main result e — -1.45 (-2.68, -0.23)
Initial unique pref rec'd -_— -0.98 (-2.14, 0.18) 1.73 (0.61,2.85)
Not unique or rec'd other - -2.71 (-4.43, -0.99) (Ref)
Daily Examen, 12 wks
Main result —_— -0.51 (-1.42, 0.40)
Initial unique pref rec'd - -0.24 (-1.57, 1.09) 0.68 (-1.23,2.59)
Not unique or rec'd other _— -0.93 (-2.17,0.32) (Ref)
Daily Examen, 24 wks
Main result e B -1.36 (-2.49, -0.24)
Initial unique pref rec'd - -1.28 (-2.62, 0.05) 0.12 (-1.27,1.52)
Not unique or rec'd other _— -1.41 (-2.64, -0.18) (Ref)
Mindfulness, 12 wks
Main result —_— -1.85 (-2.66, -1.04)
Initial unique pref rec'd —_— -2.21 (-3.09, -1.34) -0.94 (-2.39,0.51)
Not unique or rec'd other - -1.27 (-2.64, 0.10) (Ref)
Mindfulness, 24 wks
Main result _— -2.40 (-3.43, -1.36)
Initial unique pref rec'd -_— -2.15 (-3.27, -1.02) 0.52 (-0.59,1.62)
Not unique or rec'd other _— -2.67 (-3.91, -1.42) (Ref)

I I I I I I

5 -4 -3 2 -1

o
-

Figure 2 Subgroup analysis of heterogeneity of treatment effects on anxiety symptoms by intervention preference type

mindfulness-based exercises in that participants were not
explicitly taught to direct their thoughts to the present. For
example, in the MBSR awareness of breath exercise, partici-
pants were taught to notice their breath without changing it
as a way to focus on the present, whereas in Stress Proofing,
participants were taught to change their breathing (e.g. tri-
angle, square, and deep breathing) without intentional pres-
ent focus. The goal of the Stress Proofing breathing exercises
was to lower heart rate and impact the autonomic nervous
system; other studies have found that diaphragmatic breath-
ing decreases diastolic and systolic blood pressure, salivary
cortisol, respiratory rate, and anxiety symptoms, although
researchers have called for more high-quality studies to deter-
mine clinical utility [63, 64]. Stress Proofing did not evidence
improvement in HRV at 12 weeks despite its physical prac-
tices. Like the Daily Examen, suggested daily practice for
Stress Proofing was 15 minutes.

Only MBSR participants evidenced a statistically signifi-
cant improvement in HRV, a noninvasive biological marker
of the strength of the parasympathetic nervous system as
measured at the sinoatrial node [65]. Following completion
of MBSR, participants evidenced improvement in two long-
term HRV parameters: the MESOR which reflects trait-like

activity of the parasympathetic nervous system, and ampli-
tude which reflects higher day-to-day variability of parasym-
pathetically mediated HRV. Previous research evaluating the
effect of MBSR on HRV is equivocal, with one systematic
review that identified 19 randomized controlled trials (RCTs)
evaluating the effect of mindfulness-based interventions on
HRYV, reporting no statistically significant difference pre- to
post-intervention (Hedges’ g = 0.38, 95% CI = -0.014 to
0.77) [28]. It is important to note that there were only two
RCTs included in this review that evaluated MBSR which
included long-term HRV (i.e. 24 hours) as an outcome, one
within 168 people who lived with fibromyalgia and another
within 19 people who experienced benign heart palpitations.
As such, the current trial provides the most robust evidence to
date for the effect of MBSR on long-term HRV (capturing the
experience of everyday stressors) when delivered with fidelity
among a community sample.

Confidence in the effect of MBSR on HRV observed in the
present study is strengthened for five reasons: (i) propensity
score adjustment was performed to ensure that results could
not be explained by variation in baseline characteristics asso-
ciated with HRV, such as age and gender [66], BMI [67], and
physical activity [68]; (ii)) HRV was quantified using long-term
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ctrl) and time pt

Stress Proofing, 12 wks
Main result
Initial unique pref rec'd

Not unique or rec'd other

Daily Examen, 12 wks
Main result
Initial unique pref rec'd

Not unique or rec'd other

Mindfulness, 12 wks
Main result
Initial unique pref rec'd

Not unique or rec'd other

Effect (95% CI)

1.57 (-0.81, 3.94)
1.47 (-1.49, 4.43)
0.75 (-1.26, 2.75)

1.52 (-0.47, 3.52)
2.30 (0.16, 4.43)
-0.07 (-2.19, 2.04)

2.73(0.79, 4.67)
4.59 (2.50, 6.68)
0.14 (-2.37, 2.10)

HRV MESOR
Intervention (vs Intervention Interaction
ctrl) and time pt Effect (95% CI) Effect (95% CI)
Stress Proofing, 12 wks
Main result -0.32 (-3.98, 3.34)
Initial unique pref rec'd -1.15 (-4.80, 2.51) -2.02 (-2.65,-1.38)
Not unique or rec'd other 0.87 (-2.74, 4.47) (Ref)
Daily Examen, 12 wks
Main result 1.55 (-2.80, 5.90)
Initial unique pref rec'd 3.18 (-2.16, 8.52) 5.70 (-2.73,14.13)
Not unique or rec'd other -2.51 (-9.86, 4.83) (Ref)
Mindfulness, 12 wks
Main result 3.72 (0.42,7.02)
Initial unique pref rec'd 3.74 (0.36, 7.12) 0.20 (-3.10,3.51)
Not unique or rec'd other 3.53 (-0.60, 7.66) (Ref)
I I I I I I I I
-12 -10 -8 -6 -4 -2 0 2 4
Figure 3 Subgroup analysis of heterogeneity of treatment effects on heart rate variability MESOR by intervention preference type
HRV amplitude
Intervention (vs Intervention Interaction

Effect (95% CI)

0.73 (-1.96,3.42)
(Ref)

2.37 (0.56,4.18)
(Ref)

4.73 (3.30,6.16)
(Ref)

I
-3

I
-2

!
-1

0

1

2

3 4

|
5

Figure 4 Subgroup analysis of heterogeneity of treatment effects on heart rate variability amplitude by intervention preference type

records and time-domain analysis which are less sensitive to
transient influences, such as change in respiration and move-
ment; (iii) the effect of MBSR on HRV was observed in the

13

trial sample as well as the observational sample and was
strengthened following imputation of missing data; (iv) MBSR
was delivered with fidelity by Duke Integrative Medicine, and
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(v) practice data indicated high engagement. We can conclude
that MBSR resulted in improvement in parasympathetic car-
diac control with good confidence, although we cannot make
similar conclusions about activation of the sympathetic ner-
vous system as no measure was collected.

The Selah study is one of few to conduct a behavioral trial
of a specific prayer practice. The Daily Examen was pre-
ferred by more participants than the other two interventions,
although it had attenuated effects even at 24 weeks. However,
given the degree of acceptability shown across interventions,
it may be possible to increase the amount of prayer time or
combine the Daily Examen with elements of MBSR to lead
to physiological benefit, although this would require further
testing. While beyond the scope of this manuscript, the cur-
rent dataset could be used to evaluate potential mechanisms
(i.e. mediators and moderators) of treatment effects, includ-
ing degree of engagement.

In this trial, there was clear engagement for all three prac-
tices during the initial 3-month intervention period and per-
sisting for an additional 3 months. Such engagement could
have been driven by a number of factors. First, interventions
were delivered virtually which can improve accessibility, par-
ticularly among those with competing demands (e.g. caring
for dependents). On the other hand, remote delivery lacked
the incentives of social connection and bonding that can
occur with in-person connection with colleagues. Of note,
a review of RCTs reporting on the effects of online preven-
tative mindfulness interventions for nonclinical populations
reported high attrition in over half of the eight included trials
[69]. Second, the need for stress symptom reduction during
the COVID-19 pandemic may have contributed to increased
engagement. Finally, the feasibility and acceptability of the
interventions evaluated may have contributed to increased
engagement. In support of this, we observed similarly high
levels of engagement in our pre-pandemic pilot study in
which practices were taught in-person in retreat settings [23].

Contrary to our expectations, in exploratory subanalyses,
having a unique intervention preference vs being indifferent
between two or more interventions (predominant case) or
receiving an intervention that was not one’s initial preference
(rarer case) was largely not related to study outcomes. Out-
comes of interest were only observed to vary by preference
type among two comparisons. Stress Proofing participants
without a unique preference for Stress Proofing observed
greater reduction in symptoms of stress at 24 weeks, suggest-
ing greater durability of effects when a unique preference was
not present. The observation that both at baseline and each
endpoint, outcomes of interest were largely similar between
those that had and received their unique preferences and
those that were indifferent between two or more interven-
tions or did not receive their unique preference suggests that
simply having an a priori preference and being able to choose
an intervention corresponding to that preference did not cor-
relate with the intervention’s eventual effectiveness. This may
be the case if, e.g., lack of having a preference and yet still
enrolling in the study was associated with being more open to
instruction and practice, and/or expecting great benefit from
any stress management intervention offsetting any “advan-
tage” that having and receiving a unique preference might
convey. Future study is required to confirm these findings.

This study had several limitations. We did not conduct
intervention fidelity checks, although the interventions were
delivered by certified MBSR instructors and all instruc-

Proeschold-Bell et al.

tors followed the same materials throughout the trial. HRV
data was collected at 12 but not 24 weeks, which limits our
understanding of the durability of treatment effects on HRV
parameters. HRV data collected at 24 weeks would have been
particularly interesting for the Daily Examen intervention
which saw improvements in self-reported correlates of stress
at 24 weeks and not at 12 weeks. Observed results are limited
to individuals in a single profession (clergy from a single, pre-
dominantly white denomination) in a single geographic area.
We do not know the exact mechanisms explaining observed
differences, as we did not measure exposures to stressors or
cognitive appraisals associated with stressors, and because
our outcomes were temporally removed from acute stressors.

The treatment personalization of partially randomized
preference trials may enhance translation and external valid-
ity of a study [32], although estimates of treatment effects
may suffer from similar biases as may be seen in an observa-
tional study due to confounding between characteristics that
give rise to preference and the outcome under study. Some
previous studies suggest that analyzing outcomes of a study
on the subsample of participants who were indifferent to their
intervention allocation can provide an unbiased treatment
effect estimate [69]. Our sample size did not allow for this
analysis. Another approach—used in the current study—is to
control for confounding characteristics between preference
and the outcome, which may lead to estimates with more
precision and a relatively unbiased estimate of the treatment
effect [70]. The propensity score adjustment approach can
only correct confounding bias if the propensity model is cor-
rectly specified [50], which cannot be definitively confirmed.
Treatment assignment and partial randomization occurred
prior to baseline data collection which limited our ability to
characterize participants who withdrew from the study and
leaves the possibility that randomization may have affected
the baseline level of outcomes. Finally, the partially random-
ized structure of intervention assignment means there were
limited cases in which a participant received an intervention
that they specifically did not initially prefer, thus we could not
explicitly measure the effect of preference on study outcomes,
only a selection effect.

This study also had several strengths. We evaluated both
emerging and well-validated interventions and did so using
a study design that accounted for participants’ preferences,
which in behavioral trials have the potential to affect engage-
ment and outcomes. Instructors were well-trained and con-
sistent across cohorts within each intervention, increasing
the chances of consistent within-treatment delivery (i.e. a
single instructor delivered the Stress Proofing content, the
same two instructors co-taught each Daily Examen class,
and although there were four MBSR instructors, all met
well-established MBSR certification standards). The trial
methods were adapted to COVID-19 in a way that approx-
imated real-world conditions, and practice was measured
for 24 weeks with high daily response rates. We collected
self-report and physiological measures for a relatively large
sample. HRV is not subject to expectancy effects and pro-
vides confidence in the improvements seen in the MBSR
participants. Simultaneously, the self-reported symptom
outcomes are useful in indicating that participants across
interventions felt noticeably better, even if it was a placebo
effect. The fact that Daily Examen participants did not have
significantly improved scores across multiple self-reported
outcomes until 24 months also provides some confidence
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in the timing of feeling better for each intervention for the
average participant. Further, we were able to use existing
survey data from the study population to describe partici-
pants who selected into the trial, informing generalizability
and possible bias.

Conclusion

The Selah Stress Management Trial tested three separate
behavioral interventions compared to a control group. Par-
ticipants who provided text message data engaged in each
intervention with great frequency and with enduring prac-
tice through 24 weeks, indicating that each intervention was
acceptable to clergy who are busy and engage in challenging
emotional and administrative activities. Each intervention
group experienced improvements in self-reported correlates
of stress at 24 weeks, during a particularly stressful time of
the COVID-19 pandemic, and with two of the interventions
requiring only 15 minutes of practice per day. Only MBSR,
which, when practiced and reported, was practiced on aver-
age 28 minutes per day, resulted in statistically significant
improvement in HRV from pre- to post-intervention. Despite
a robust literature of MBSR’s effects on self-reported cor-
relates of stress, this is the first study to show a significant
improvement on long-term HRV parameters. These findings
show the strongest evidence of improvement for MBSR,
although Stress Proofing and the Daily Examen may be con-
sidered if individuals do not prefer MBSR. There is a clear
need for stress symptom reduction among many occupational
groups; these findings provide evidence of effectiveness of
three manageable and scalable interventions for United Meth-
odist clergy.

Supplementary data

Supplementary data is available at Translational Behavioral
Medicine online.
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