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Abstract

Objective

People commonly cope with chronic low back pain (cLBP) by ignoring and distraction. Can
mindful interoceptive exposure to the pain sensation itself and its phenomenological compo-
nents be an alternative approach?

Methods

Single-arm feasibility study in patients with cLBP using a 2-minute attention exercise guided
by a smartphone app several times per day over 8 weeks. We assessed feasibility, pre/post
pain, function, and psychological parameters using mixed methods: standard question-
naires, ecological momentary assessment, and exit interviews that included micro-phenom-
enology technique and subsequent reflexive thematic qualitative analysis.

Results

We enrolled 31 participants, mostly female, mean age 48, the majority had pain for >5
years; 29 completed. Mean pain intensity [0—10] improved from 4.8 +1.7t0 3.1 £1.9 (p<
.0001); mean PEG scores (intensity and interference with daily life; range 0—30) improved
from 13.7 £6.2t0 8.4 £6.6 (p < .0001); pain impact (9 items incl physical function) 22.3 +8.7
t0 19.7 £8.1 (p=.0010). Twenty-one of 29 improved PEG score >30%. There were signifi-
cant improvements in PCS Rumination and MAIA Not-Worrying. Participants became
aware of their usual habit of avoidance and the challenge of and resistance to focusing on
pain. They were surprised how pain sensations varied over time, and that pain intensity and
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the threat value of pain could diminish by focusing on it. They described a variety of 3D pain
shapes (e.qg., football, pool ball, rod, nail, brick, stars) with a range of colors, transparency,
temperature, and density that for some changed with mindful attention. Most struggled to
find appropriate words for sensory awareness and attention regulation and found that the
threat value of their pain diminished.

Conclusions

Mindful interoceptive exposure to the sensations of their cLBP using a 2-minute attention
exercise with a phone app—rather than ignoring and distracting from it—may be a beneficial
intervention for cLBP.

Trial registration
ClinicalTrials.gov #NCT06186193.

Introduction

Chronic low back pain (cLBP) is the number one reason for disability in the US [1] and a
major burden for individuals and public health [2]. It also is a leading medical diagnosis asso-
ciated with the opioid epidemic [3]. Unfortunately, there is still a lack of consensus on underly-
ing mechanisms; discernible phenotypes; and of appropriately targeted therapies [4]. As a
result, therapies generally have shown only limited benefits for these patients [4].

CLBP is generally understood as multifaceted and using a biopsychosocial approach to
treatment is advocated [5]. The biopsychosocial model acknowledges psychological and social
aspects of pain in addition to the biological aspects that are the more traditional focus of medi-
cine. One open question regarding the behavioral management of chronic pain is whether
there is a beneficial alternative to the common pain coping style of distraction from and ignor-
ing the sensation. There is consensus that distraction is beneficial with acute LBP [6]. Several
studies, however, have raised doubts about this coping style for chronic pain [7]. Although
ignoring pain has been found to be a risk factor for the transition from acute to cLBP [8] and
for the persistence of LBP [9], ignoring and distraction appear to be the most common coping
style among patients with cLBP [10]. (for more comprehensive reviews see [11, 12]) The find-
ing that ignoring pain is a risk factor for the transition to cLBP, together with current theoreti-
cal frameworks for understanding chronic pain and some experimental evidence [13, 14],
suggest that the opposite coping style of ignoring pain, namely paying close attention to the
sensation of pain might have beneficial effects.

This notion—that paying close attention to the sensation of pain may be beneficial—has
implicitly been suggested before [15]. Mindfulness approaches are one way to train people to
pay attention to body sensations, including pain, while also cultivating awareness of the mental
processes that often accompany and can exacerbate pain, such as rumination (thinking repeti-
tive, usually negative thoughts about the pain) and catastrophizing (“the pain will just get
worse and worse,” “the pain will cripple me.” When the journal Emotion dedicated a full issue
to mindfulness-based approaches for pain and negative emotions, Marc Williams, co-devel-
oper of Mindfulness-Based Cognitive Therapy (MBCT) and editor of the special issue, summa-
rized key messages from these reports: mindfulness practice can bring about changes in the
way pain and emotion are processed [16]. More specifically, students of mindfulness can learn
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to uncouple the immediate sensory experience from the “narrative,” the story around it, and
thereby differentiate these two modes that are usually closely knit together [17]. His second
conclusion was that a narrative thinking mode of attention to pain may be a more subtle way
of distraction, and that one may be able to instead learn to focus on the sensory immediacy of
pain itself. In other words, giving attention to pain by thinking about it may not be a produc-
tive attention style. A mode of attention that explicitly emphasizes using sensory awareness
over a more cognitive attention style appears to be a key element of MBCT when coping with
symptoms of depression [18, 19] and may also be helpful for coping with chronic pain [20]. A
meta-analysis of 8 studies comparing distraction from pain to attention to pain found no dif-
ference for pain outcomes, but the included studies did not differentiate between these atten-
tion styles—sensory versus cognitive attention [21].

Yoga is an approach that can be used to train mindfulness, particularly related to body
awareness [22, 23]. A study comparing healthy experienced yoga practitioners with yoga-
naive individuals for their attention style and potentially associated thresholds to experi-
mental pain found that the pain threshold was increased in yogis and closely correlated with
the neural density in the insula brain region, the hub for interoception, for perceptions
from the inside of the body. Pain is generally an unpleasant interoceptive experience inside
the body. Asked about their coping style when submerging a hand in ice water, there was a
striking difference between the two groups: avoidant distraction in yoga-naive individuals,
and close sensory and curious attention style in the yogis [24] applying a form of mindful
interoceptive awareness [25].

Applying a comparable attention style to chronic pain, the psychologist Bruno Cayoun
developed a behavioral intervention for chronic pain based on a task extracted from his Mind-
fulness-integrated Cognitive Behavior Therapy program (a program distinct from MBCT): the
Mindfulness-based Interoceptive Exposure Task [26, 27]. It used an individual, guided, 1-hour
introduction session and a 1 to 2-minute attention task subsequently performed several times
per day over 12 weeks. In a small pilot study (N = 15) with patients with various musculoskele-
tal pain problems, his team showed significant positive pre-post standardized effects (Cohen’s
d) of 0.96 for improvements in pain anxiety, 0.86 for pain duration, and 1.37 for pain intensity,
which were maintained at 2-month follow-up.

This novel behavioral task—if shown to be valid, feasible, and acceptable in populations
with cLBP—implies a potential paradigm shift in the management of chronic pain. While
most pain patients by default cope with pain by using distraction from pain, which can lead to
rumination and worry, this approach attempts to facilitate a mindful, equipoised, ‘neutral,’
non-evaluative, curious, exploratory attention style of immediately sensing pain rather than
thinking about pain.

We conducted an observational proof-of-concept study, based on the mindfulness-based
interoceptive exposure intervention, to pilot test this task with a phone application (app) in
patients with cLBP. The phone app can be programmed with individual notifications for
brief exercises of guided sensory attention during the course of the day and can be com-
bined with ecological momentary assessments (EMA). This could provide a low-cost scal-
able intervention that can be added to a more intensive mindfulness-based program or
other behavioral interventions. We hypothesized that the new brief mobile phone-based
mindful attention task over eight weeks would be feasible and acceptable to patients with
cLBP. We explored whether this intervention would improve self-reported pain intensity
and/or interference and a series of psychological parameters, such as below average intero-
ceptive awareness. We did not prespecify hypotheses regarding the efficacy of this app-
based intervention.
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Methods
Study design

We conducted a single-arm, mixed-methods study to assess the app’s feasibility, acceptability,
and potential benefits for patients with clearly defined cLBP. We applied standard pain self-
report outcomes, quantitative sensory testing (QST), and task-based functional magnetic reso-
nance imaging (fMRI). Here we report details of the study protocol and quantitative self-
reported patient outcomes, as well as an analysis of qualitative exit interviews illustrating the
quantitative results. Detailed QST and fMRI results will be reported separately as these would
overextend this already lengthy report even further.

Following IRB approval (20-32001; S1 File), we enrolled patients from May 21%, 2021, until
February 21*, 2023 with follow-up data collected until May 21, 2023. The study was registered
with ClinicalTrials NCT06186193 after completion of recruitment (12/6/2023). This was due
to an administrative error that was corrected upon detection. The authors confirm that all
ongoing and related trials for this drug/intervention are registered. Participants were compen-
sated for their time and incentivized by receiving 50 cents for each entry into the phone app.

Participants

Through university newsletters, research and study websites, flyers, and social media we
recruited English-speaking men and woman aged 18-65 years old with cLBP defined accord-
ing to the NIH Research Task Force Recommendation on Research Standards for cLBP [28]:
pain at least half the days in the past 6 months, by using 2 questions and a human figure draw-
ing illustrating the pain region. Average pain in the last month had to be at least 3 out of 10 on
the numeric rating scale (NRS). Using the Multidimensional Assessment of Interoceptive
Awareness scales (MAIA-2) [29], we only included patients with a low level of interoceptive
awareness and habitual distraction as the dominant pain coping style. This was defined as: a) a
MAIA summary score below the population mean score of 3.41 [possible range 0-5] estab-
lished in a large representative sample of primary care patients [10] and b) a MAIA Non-Dis-
traction score below 2.91 [possible range 0-5], the mean value plus standard deviation in the
same sample. These criteria were chosen (a) to test our hypothesis that the mindful attention
task will be able to increase below average interoceptive awareness in cLBP patients, who are
used to distracting themselves from their pain experience, and (b) to avoid a potential ceiling
effect. Participants had to own a smart phone.

Potential participants who visited the study website could check their preliminary eligibil-
ity. If they agreed, they were screened over the phone by a clinical research coordinator. We
excluded patients with current or history of spine infection, spine tumor, vertebral fracture,
cauda equina syndrome, patients with substance abuse, significant mental health, or other
medical conditions (malignancies, liver failure, renal failure, pain conditions from inflamma-
tory diseases, malignancies, abdominal aortic aneurysm, muscle weakness from radiculopa-
thy). Radiculopathy or sciatic pain was not excluded if the condition was stable and did not
lead to significant movement restrictions or muscle weakness. Regular opioid or antidepres-
sant prescription was not an exclusion if stable over the past three months. We excluded
patients involved in a lawsuit or Worker’s Compensation claim related to their back; patients
who received steroid or Botox injections near the spine in the past three months; women who
were pregnant, planning to get pregnant in the next months, or were less than three months
post-partum. Because all participants underwent task-based brain fMRIs, we excluded color-
blind and left-handed patients and patients with other typical MRI-related exclusion criteria:
any metal in the body; claustrophobia; inability to lie still for approximately 60 minutes; prior
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neurosurgery; older tattoos with metal dyes; non-removable jewelry, braces, or permanent
dental retainers.

The discussion of the electronic consent occurred by Zoom. Final eligibility was determined
after answering the MATA. After signing electronic informed consent, participants received a
copy and answered questionnaires on-line at home. All electronic consents are stored on the
secured university server.

Intervention

The Mind your Pain study intervention (MyP) consists of an individual 1-hour educational
introduction session over Zoom, a six-page illustrated handout summarizing the discussed
pain education (S2 File), and a 1 to 2-minute attention task subsequently performed several
times per day over 8 weeks. The 8-week intervention started with the 1-hour education session.
We did not include the educational material in the phone app as we did not have the resources
for a thorough and effective implementation. In the last minutes of this education session, the
task was downloaded on a smart phone app with notifications twice per day according to par-
ticipant preferences. In addition, participants were asked to use the app whenever they per-
ceive the pain at its worst. The app included an ecological momentary assessment (EMA) of
pain intensity and interference each answered on a 0-10 NRS followed by a brief audio record-
ing guiding the participant to attend to pain as the sensation “where it is the most intense”.
The audio recording aimed to guide the participants’ attention focus into the center of “the
sensation we call pain” in a detached and equanimous way and asks participants to carefully
observe and explore it with curiosity in regards to five components of that sensation: feeling
tone (sharp versus dull), motion (static versus movement/change), temperature (cold versus
hot); density (tense/tight versus loose), and clarity of the borders of the perceived three-dimen-
sional shape (diffuse versus clearly-defined). An optional entry field was offered for partici-
pants to add other experiential characteristics of their pain experience. This neutral sensory
interoceptive attention focus aimed at minimizing the learned aversive response to pain that
may prompt ruminating thoughts and the negative affect commonly intertwined with immedi-
ate sensory awareness. The app was self-scheduled by the participants to provide one notifica-
tion in the morning and one in the evening and used a Qualtrics survey platform [30] to enter
data directly to a secure UCSF server. We pretested a prototype of the app for iPhones and
Android phones with ten cLBP patients. Brief weekly phone calls by the clinical research coor-
dinator were provided to resolve logistic or technical issues and answer conceptual questions.

Sample size

The primary purpose of this study was to determine feasibility and validate a novel mindful-
ness and interoceptive exposure-based intervention in a subtype/phenotype of cLBP patients
with low interoceptive awareness to determine initial clinical utility as a basis for future
research. In the study by Cayoun, et al., mentioned above, participants with a variety of pain
conditions experienced a significant reduction in pain intensity with a standardized effect size
of d = 1.37 [27]. For preliminary estimations of the effect size, we used power calculations
based of the normal approximation with a 5% significance level for a 2-sided test, we deter-
mined that a sample size of 30 patients would provide adequate power (.70 —.93) to detect min-
imal clinically important change, defined as a 30% improvement in combined pain intensity
and interference [31]. As this was a proof-of-concept study rather than an efficacy study, we
primarily explored standardized effect sizes (Cohen’s d with 95% confidence intervals) and did
not correct for multiple comparisons [32].
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Measures

All questionnaire data were collected online using the Research Electronic Data Capture
(REDCap) [33], a web-based, secure application that includes components for developing and
implementing online surveys for clinical research, within 1-2 weeks before the start of the
intervention and within 1-2 weeks after the 8-week intervention.

To determine feasibility, we assessed: number screened per month; number enrolled per
month; number of completers and retention rate; and proportion of planned pre- and post-
intervention assessments completed. For acceptability we assessed reasons for dropouts; pro-
portion of EMA assessments responded to; and qualitative interviews (see below).

We used the following exploratory outcome measures: for pain intensity and interference
averages on NRS in the past week as well as EMA assessments “right now”; pain interference
also by PROMIS Pain Interference; combined pain intensity and interference on the PEG
scale; and Pain Impact by 9-item composite measure (Cronbach’s alpha in our sample 0.84)
suggested by the NIH Chronic Low Back Pain Task Force [28]. Consistent with the current
standard of LBP research [34], our primary outcome measure for the exploratory analysis was
the PEG score [35]. The PEG combines a scale for pain intensity and two scales for pain inter-
ference with enjoyment in life and general activity, all three measured on a 0-10 scale for the
past week. Cronbach’s alpha in our sample was 0.94. We also assessed for potential differences
in PEG scores and in PEG change scores between sexes but found no differences.

We also used additional questionnaires (S3 File), including Pain Self-Efficacy by Pain Self-
Efficacy Questionnaire 4-item version [36]; Pain Acceptance by Chronic Pain Acceptance
Questionnaire-SF8 [37]; Impression of Change by Patient Global Impression of Change
(PGIC) only at 8 weeks [38]; physical Function by PROMIS Physical Functioning SF-6b; Cata-
strophizing by Pain Catastrophizing Scale SF-6 (PCS) [39]; Fear-Avoidance by Fear-Avoidance
Beliefs Questionnaire (FABQ-PA) [40]; Mindfulness by Five Facets Mindfulness Question-
naire (FFMQ) [41]; Interoceptive Awareness by Multidimensional Assessment of Interocep-
tive Awareness (MAIA) [29].

To compare the questionnaire assessments asking for pain intensity and impact in the past
week with EMA data, we summarized the latter for the first 7 days after the introductory edu-
cational session and for the last 7 days before answering the post-intervention questionnaire.
The timepoints for eligibility screening (pain intensity >3/10), for the full questionnaire bat-
tery and the introductory intervention session were sometimes 2-3 weeks apart because of
scheduling issues for the fMRIs.

Quantitative analyses

we used descriptive statistics for socio-demographic baseline variables and paired f tests for
pre-post pain measures with normal distribution and Wilcoxon Signed Rank test for non-nor-
mal distribution according to Shapiro-Wilk tests. We defined treatment responders as partici-
pants who improved their PEG scores by at least 30% [42]. Using responder status as binary
outcome, we explored baseline and change variables for predictive association by logistic
regression. We explored whether changes in key outcomes were correlated with changes in
psychological variables by Pearson correlations and with demographic variable by Spearman
rank correlations. We used statistical software Statal7 for all quantitative analyses [43].

There was a small amount of missingness for a few survey instruments for which we did
not substitute, but data for key predictors and outcome variables were complete.

Qualitative interviews and analyses. Following the completion of the 8-week interven-
tion, we conducted individual exit interviews with all participants and asked open -ended
questions about the experience with the phone app, the attention task, its perceived usefulness
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and shortcomings, new insights and potential changes in their pain managements, and ways to
improve the app. If participants agreed, a second part of the interview was an in-depth inquiry
into the participants’ individual perception of pain using microphenomenological interview
technique [44, 45]. With this technique the interviewer guides the participant gently away
from thoughts and judgements about an experience into the immediacy of sensory experience
itself. The interviewer was not aware of the interviewees’ questionnaire responses. The inter-
views were recorded and transcribed.

We conducted reflexive thematic analysis as proposed by Virginia Braun and Victoria
Clarke[46, 47]. We followed a five-phase inductive analysis process (data familiarization; open
coding; generating initial themes; developing and reviewing themes; refining and naming
themes) to identify and make sense of patterns of meaning across our dataset. The resulting
themes were actively created through the authors’ interpretative engagement with the exit
interview data from all study participants using “the researcher’s subjectivity as analytical
resource and their reflexive engagement with theory, data and interpretation” [47]. The
authors interpretations are situated in a phenomenological framework of understanding pain
as a bio-psycho-social experience potentially modifiable by mind-body approaches that
emphasize mindful interoceptive awareness.

Results
Participants

During 18 months of recruitment, 413 interested individuals were prechecked on our study
website, of whom 31 were found to be eligible and enrolled in the study, and 29 completed
study procedures (further details in Fig 1). The 29 study completers were mostly female, white,
between 26 and 64 years of age with a mean age of 48.4 years (Table 1). They generally were
well educated, financially well off, with LBP of moderate intensity (mean 4.8; SD = 1.7) for
more than 1 year, 59% for more than 5 years. Five participants suffered from sciatica. Pain
interference at baseline by PROMIS was 57.6 (SD = 8.1). Financial strain or perceived discrim-
ination was not a major concern for our participants, but more than half of participants self-
reported a history of PTSD. In line with our inclusion criterion of low interoceptive awareness
by MAIA self-report, our participants scored below the general population mean on MAIA
total score and habitually used a coping style of distraction from pain [10].

Feasibility/Acceptability
We prescreened about 23 potential participants per month, phone screened about 17 and
enrolled about two potential participants. Recruitment was limited to individuals who were
able to drive to the hospital where QST and fMRI were performed. Two of the 31 enrolled par-
ticipants (6.5%) were lost to follow-up: one participant stopped using the app after one week
because he preferred to be distracted from his pain; the other dropped out after 1 week without
providing any explanation. We did not use their baseline data for analysis. All 29 completers
provided pre-post questionnaire data and exit interviews. During the 8 weeks of the interven-
tion, participants used the app at average 116.5 times (SD 62.8, range 32-283). Twenty-six par-
ticipants used the app at least once a day and 11 at least twice a day. The app functioned
without glitches, except a single participant claimed that she had used the app twice a day, but
we never received any data entered into the app by her, which remained unexplained. We did
not regularly check the entries into the data base and therefore did not have the opportunity to
inquire into this issue during weekly phone calls.

In the qualitative exit interviews, almost all participants felt that the app was easy to use.
Some participants made suggestions on how to improve the relatively simple platform and
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Enroliment

Accessed study website
with eligibility precheck

(N =413)
Assessed for Eligibility
(N =301)
v
Excluded (N =259) Consented
(N =42)

Declined to participate (N=158)
-Non-responsive to contact efforts (n=145)
-No longer interested (n=13) !

1
Did not meet eligibility criteria (N=101) v X
-high MAIA score (n=28) Enrolled Excluded (N =11)
-not MRI-compatible (n=6)
-excluded medical condition (n=31) (N =31) Declined to participate (N=7)
-planned or recent injection (n=16) -Non-responsive to contact efforts (n=3)
-excluded medication (n=6) -No longer interested (n=4)
-psychiatric/substance use disorder (n=9) Int fi
-not wiIIling to complete study activities (n=1) niervention Did not meet eligibility criteria (N=4)
-low pain score (n=2) Jeft-handed (n=2)
-age (n=1) i - _ -over age 65 (n=1)
-unstable psychiatric medication (n=1) -not MRI compatible (n=1)

Received Intervention (n =31)

Discontinued intervention (n =2)
Reason: “not interested anymore”

Analysed (n =29)

Fig 1. Participant flow diagram.
https://doi.org/10.1371/journal.pone.0307690.9001

make it more attractive for future studies. Participants described initial difficulties in overcom-
ing their habit of distracting themselves from their pain sensations (see details in qualitative
results). One participant felt the app had become “a chore” (56 entries), another two reported
that they “stayed in their head” particularly when pain intensity was >5/10, and another four
participants “did not get into it”. For four participants who used the app less than once a day,
the exit interviews provided clear statements that three of these “did not get into it” and did not
feel that they learned or benefited from it. Interestingly, the number of app entries was not asso-
ciated with perceived global benefits or changes in pain outcomes (F(1, 27) = 0.27; p = 0.61).

Quantitative outcomes

Mean pain intensity and PEG scores showed statistically significant reduction from pre to post
intervention (Table 2). Eight participants reported no perceived global change and one
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Table 1. Participant demographics and clinical characteristics at baseline (N = 29).

Age (years; SD)
Gender, n
Male
Female
Other/nonbinary
Race, n
White or Caucasian
Black or African American
Asian
American Indian or Alaska Native
Native Hawaiian or Pacific Islander
More Than One Race
Other/Unknown/Declined
Hispanic or Latino, n
Unemployed, n
Married or partnered, n
Education (college degree), n

Household Income (n = 27)*

High Financial Strain, n

Perceived Discrimination, n

PTSD, n

PTSD Symptom Screener [0-5 (SD)]
Childhood Trauma [range 28-140]
Expectation of pain relief in %

On antidepressants, n

Duration of pain [ordinal: 1-5]

48.4 (12.3)

7 (24.1%)
21 (72.4%)
1(3.5%)

21 (72.4%)
1 (3.5%)

3 (10.3%)

0

0

0
4(13.8%)
6 (20.7%)
11 (37.9%)
18 (64.3%)
23 (79.3%)

5 (17.2%) <$35,000
14 (48.3%) >$200,000

1(3.5%)
3(10.4%)
18 (62.1%)

1.17 (£1.69)
62.2 (+7.2)

28.6 (+28.0)
6 (20.7%)
4.5 (+0.6)

[observed range 26-64]

Somewhat/very often
9 as child, 14 as adults

(N = 28, 7 missing values substituted with 1)

93% >1 year
59% >5 years

Sciatica (pain below knee), n 5(17.2%)

* 2 participants did not provide information

https://doi.org/10.1371/journal.pone.0307690.t001

participant felt mildly worsened, while the remainder reported perceiving minimal (n = 11) or
much (n = 9) improvement. Viewing a 30% change from baseline as clinically meaningful, 18
of 29 completers had a meaningful improvement in pain intensity [31] and 21 in PEG scores
for combined pain intensity and interference. Mean Pain Impact, the composite outcome mea-
sure suggested by the LBP Task Force, also improved significantly (95% CI -4.4, -0.9; p =
.0010). Changes in Pain Impact and in PROMIS Pain Interference were highly correlated (r =
.83; p < .0001). Change in pain intensity was associated with education (p = -.41; p = .028) and
income (p = -.42; p = .030, indicating that participants with higher education and higher
income showed greater improvement. Severity of PTSD reported at baseline was associated
with responding to the intervention: the odds for the 6 individuals with the highest degree of
PTSD (ordinal scale 0 to 4) to be among the responders was reduced to 0.063 (95% CI: 0.007-
0.59; p = 0.016) compared to all other participants. Regarding the Patients’ Global Impression
of Change Scale, 9 (31%) participants responded as “much improved”, 11 (37.9%) “minimally
improved”, 8 (27.6%) “no change”, and 1 (3.5%) “minimally worse”.

The following baseline variables correlated with %-improvements in PEG scores: income (p
=-.49; p =.010, CPAQ Pain-Willingness at baseline (r = -.40; p = .031), whereas these other
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Table 2. Pre-post changes in pain measures and psychological variables.

Variable [scale range] MeanBL | SDBL | MeanFU | SDFU | MeanDiff | 95% Confidence Interval 4 ES

Low Back Pain Intensity [0-10] 4.79 1.72 3.14 1.94 -1.66 -2.23 -1.08 <0.0001* -1.09
PEG [0-30] 13.69 6.22 8.41 6.57 -5.28 -7.09 -3.46 <0.0001* -1.10
Pain Impact [8-50] 22.3 8.7 19.7 8.1 -2.7 -4.4 -0.9 0.010* -0.32
PROMIS Pain Interference 4a (T) 57.6 8.1 55.4 6.4 -2.2 -4.7 0.3 0.011%* -0.33
PROMIS Physical Function 6b 43.6 7.3 44.4 7.5 0.8 -0.4 2.0 0.18 0.26
PCS Total Score [0-12] 8.34 5.72 6.83 5.88 -1.52 -3.16 0.13 0.15* -0.35
PCS Rumination [0-4] 3.00 2.07 2.17 2.04 -0.83 -1.50 -0.15 0.018* -0.47
PCS Magnification [0-4] 2.62 2.04 2.14 2.07 -0.48 -1.11 0.15 0.17* -0.29
PCS Helplessness [0-4] 2.72 2.20 2.52 2.21 -0.21 -0.83 0.41 0.73* -0.13
PROMIS Anxiety4a (T) 52.9 9.6 50.7 10.1 -2.2 -5.3 0.9 0.19* -0.28
PROMIS Depress4a (T) 51.0 8.5 49.4 10.3 -1.6 -4.4 1.2 0.32* -0.22
PROMIS Social Role4a (T) 47.2 6.6 51.1 8.8 3.9 1.3 6.6 0.005 0.58
FABQ Score [0-24] 15.2 6.8 14.0 7.2 -1.2 -3.5 1.1 0.29 -0.21
CPAQ Total Score [0-48] 28.6 5.2 28.7 59 0.1 -2.0 2.2 0.947 0.01
Pain Self-Efficacy [0-24] 17.85 4.88 18.74 5.23 0.89 -0.44 2.22 0.16* 0.26
Widespread Pain [0-7] 2.00 1.73 1.66 1.61 -0.34 -0.73 0.04 0.078* -0.34
FFMQ Acting w Awareness 17.4 4.4 16.5 4.1 -0.8 -1.9 0.3 0.13 -0.29
FFMQ Describing 18.0 3.9 17.5 3.2 -0.5 -1.7 0.7 0.39 -0.17
FFMQ Non-Judging 18.1 3.4 16.7 4.0 -1.4 -2.5 -0.4 0.008 -0.54
FFMQ Non-Reactivity 15.8 3.8 15.9 4.1 0.2 -1.0 1.4 0.77 0.06
FFMQ Observing 14.2 3.4 14.8 3.3 0.6 -0.3 1.6 0.20 0.25
MAIA Noticing [0-5] 3.28 0.73 3.04 1.07 -0.23 -0.62 0.16 0.30* -0.23
MAIA Not-Distracting [0-5] 1.87 0.72 2.05 0.88 0.18 -0.11 0.48 0.31* 0.24
MAIA Not-worrying [0-5] 2.81 1.06 3.19 1.10 0.39 0.10 0.67 0.013* 0.52
MAIA Attention Regulation [0-5] 3.03 0.92 3.00 0.93 -0.03 -0.41 0.34 0.98* -0.04
MAIA Emotional Awareness [0-5] 2.90 1.14 2.67 1.29 -0.23 -0.65 0.18 0.26* -0.22
MAIA Self-Regulation [0-5] 2.77 0.86 2.77 0.85 0.00 -0.42 0.42 0.70* 0.00
MAIA Body Listen [0-5] 1.90 1.04 1.97 1.16 0.07 -0.27 0.41 0.89* 0.08
MAIA Trusting [0-5] 3.28 1.19 2.92 1.37 -0.36 -0.87 0.16 0.26* -0.26

PROMIS scores are normalized to T-scores on a 0-100 scale. BL: baseline; FU: follow-up; ES: effect size.

*using Wilcoxon Signed Rank tests rather than Paired ¢ tests for non-normal distribution according to Shapiro-Wilk W test.

Additional results in S1 Table

https://doi.org/10.1371/journal.pone.0307690.t002

variables correlated with not being categorized as a responder (i.e., PEG score improvement of
<30%): baseline neuropathic pain (r = .53; p = .004), widespread pain (r = .51; p = .005), PRO-
MIS Anxiety (r = .49; p = .007), and PTSD as adult (r = .48; p = .045). We found no differences
in absolute and percent PEG change scores between birth sex using regression analysis (F
(1,27) = 0.40, p = 0.53 and F(1,27) = 0.09, p = 0.76, respectively).
As mentioned above, one study inclusion criterion was a low score for total MAIA and for
Non-Distraction. Against our hypothesis, the scores for MAIA total and MAIA Not-Distract-
ing did not have statistically significant changes, though about half of the participants had
higher scores in both at follow up. The only MAIA scale that showed significantly improved
scores was the Not-Worrying scale from 2.81 (£1.06) to 3.19 (£1.10; 95% CI 0.10, 0.67; p =
.013; ES = .52.) MAIA Not-Worrying scores were not correlated with pain anxiety CPAQ total
scores but negatively with the subscale of Pain Willingness (baseline r = .48; p = .008. follow-
up 7 =.54; p =.002) and the Catastrophizing PCS total scores (baseline r = .43; p = .02. follow-
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up r = .80; p < .0001), most strongly (at follow-up p < .001) for Rumination and Helplessness.
There were no significant pre-post changes for mean CPAQ Pain Willingness. Mean Rumina-
tion improved (from 3.00 £2.07 to 2.17 +2.04; 95% CI -1.5, -0.2; p = .018; ES -0.47). Only at fol-
low-up MAIA Not-Worrying scores were negatively correlated with PROMIS Anxiety T-
scores (r = -.49; p = .008), which at average showed no meaningful change.

Although not a major issue at baseline, widespread pain tended to be slightly less frequent
at follow-up, whereas pain below the knee was reported as more frequent at the end of the
study. Most of the other parameters did not show statistically significant or clinically meaning-
ful changes. This included measures of physical function, pain self-efficacy, depression, posi-
tive and negative affect, sleep, fatigue, pain avoidance (PASS subscale), and mindfulness. An
exception was the PROMIS measure for Ability to Participate in Social Roles and Activity,
which improved by mean 3.9 points (95% CI 1.3, 6.6; p = .0050; ES = .58; T-scores). This
change was correlated with change in pain intensity (r = -.45; p = .016), change in PEG scores
(r = -.44; p = .018) and change in PROMIS pain interference (r = -.41; p = .030). Although
mean physical function (by PROMIS) and mean pain self-efficacy did not change significantly,
Social Role was correlated with physical function (baseline r = .69; p = .0001; follow-up r = .48;
p =.010) and with pain self-efficacy (baseline r = .73; p < .0001; follow-up r = .57; p = .002).

Interestingly, scores for pain self-efficacy at follow-up were correlated with several MAIA
scales: Not-Worrying (r = .48; p = .008), Attention Regulation (r = .51; p = .004) and Trusting
(r = .45; p = .014), whereas the only MAIA scale score correlated with self-efficacy before the
intervention was Noticing, and this latter correlation was negative (r = -.42; p = .029).

In further exploratory analysis, we assessed baseline variables for predicting treatment
responders defined as >30% improvement in PEG scores. The odds of responding to the inter-
vention were increased with higher $ income (OR = 1.02; p =.010), increase in MAIA Trusting
(OR =2.03, p =.059), increase in PROMIS Social Role (OR 1.35, p = .043) and decreased with
baseline widespread pain (OR = .42, p = .21), baseline MAIA Body Listening (OR = .05, p =
.027), higher expectations for percentage of pain relief (OR = .60, p = .019), PROMIS Anxiety
(OR = .86, p =.033), PASS Escape-Avoidance OR = .81, p =.047), PASS Physical Anxiety (OR
= .81, p =.030), and PTSD symptoms (OR = .56, p = .025) at baseline. Other variables did not
predict a 30% PEG improvement response. Baseline MAIA Body Listening correlated with
baseline PROMIS Anxiety (r = .47; p = .011).

When comparing pain intensity and interference data by questionnaire versus by EMA,
both measures were correlated, although EMA data at baseline were lower than questionnaire
data and at average even below our inclusion criteria (Table 3). Pre to post changes in mean
EMA values improved but did not reach statistical significance.

Qualitative outcomes

Exit interviews lasted up to a maximum of one hour, depending on the participant’s willing-
ness to share personal experience. We generated the following themes from our interviews
with all participants here identified by their study ID in brackets after the quotation.

Table 3. Correlation of 1 week of EMA data for pain intensity and pain interference with related questionnaire items “during the past 7 days”.

1° week of MyP last week of MyP
mean P mean P
Pain Intensity [0-10] 2.84 £.23 r=.63 .0003 2.56 £.26 r=.76 < .0001
Pain Interference [0-10] 191 +.24 r=.62 .0004 1.58 +.24 r=.47 .010

r: Pearson correlation coefficient

https://doi.org/10.1371/journal.pone.0307690.t003
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1) Participants were aware of their usual habit of avoidance and found it challenging to
focus on pain. Definition. The task of the phone app was to take a few minutes during the
day to focus with curiosity one’s attention on the felt sensation of pain. Some participants
appeared not to be able to do that—or to choose not to do that—due to highly demanding life
circumstances (e.g., caretaking for parents with COVID; partner lost a job; childcare and job
burden). All participants, however, felt that this approach was in stark contrast to their usual
habit of getting on with life by generally ignoring the pain and avoiding paying any attention
to it.

“I always thought if you ignore it, it’s just going to go away.” [135]

“Interesting: you'd think that trying to ignore it might be the way to go, but it’s definitely a
different thing.” [87]

”Conscious focus on bodily sensations: that’s something that I have always run from. But
it’s not really getting me anywhere. At this point I feel that’s gotten me to where I am now,
and now that protective mechanism of not paying attention to bodily sensations is no lon-
ger serving me.” [10]

“In the back of my head I was always fighting it.” [78]

“I've always been a person that—I’ve just pushed through. Regardless of what the pain was,
I pushed through. I had things to do, and I'm miserable, and you just put on your happy
face and you just get through it as you’re sitting there wanting to cry inside.. . . and with this
[app], what it’s shown me: pushing through is not always the answer. You've got to take
that time to recognize.” [141]

“The big takeaway is not to ignore your pain” [135]

“Sometimes you would just continue to push through because you are at a much more
important task. . . . Those things are hard to change.” [19]

“I cannot do the app, totally engaged in something else, I am doing other things. . . that
whole life.” [95]

“I definitely felt that resistance. . . . Old habits die hard.” [10]

Discussion. Old habits are not easy to change. To some, the patterns may seem impossible
to change, particularly when overwhelmed by stress and life’s demands. But even old dogs can
learn new tricks. Participants may recognize that their customary habits of distraction and try-
ing to ignore their pain do not help their chronic condition (thus confirming current research
evidence [8, 48]), and are willing to try something new.

2)Participants were surprised about the variance in pain sensations over time. Defini-
tion. When participants paid attention to the different elements, components, qualities, or
characteristics of their pain sensations, they reported being surprised by the discovery that
pain sensations change in ways they had not expected.

“A big one for me was noticing how the pain could shift just within 30 seconds that I'm
really consciously focusing on it. My experience of the pain would fluctuate.” [10]

“For me the big discovery was that my pain is different every day. Literally different every
single time I concentrate and am mindful about what it feels like, where it is, is it moving,
what’s the density, etc.?” [128]
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“There was a lot of variation. For me it was a new discovery because the pain is different.
Whereas before, I am in pain, I am uncomfortable, without really taking the time to identify
what type of pain it was. I think that was an eye opener for me because I never really
thought about it from the standpoint of is this something that’s radiating outwards. Is it
something that is pulsing? Is this a tension? And it did fluctuate, and then taking the time
for me going to that next step of what was your day like today that made this pain different
than the pain from yesterday?” [141]

Discussion. Pain is not a “thing.” What we call pain is a fluctuating experience that we tend
to reify and objectify. This has been previously acknowledged primarily by philosophers
[49, 50], one of whom actually was involved in the most recent international discussion of the
current understanding and definition of pain [51]. Relating noticed variations in pain quality
and/or intensity to what happened in preceding hours physically or emotionally may be a
learning opportunity.

3) Participants were surprised that the intensity of pain could change by focusing on
it. Definition. For some participants, a major surprise was that just focusing on the sensation
itself and inquiring into its elements could change the pain intensity. This reportedly occurred
for a few participants within a minute and/or over weeks of using the app.

“Always, I feel my back is numb. But lately when I sit, I feel like, I don’t know how to
describe it, but you know when you sit a lot and your legs get numb, and then you have to
stand up because you have to wake up the leg? So, I feel like that, like my back is waking
up. .. it’s good because I feel some relief. I feel like something is going away.’[26]

“I think with the app taking that time mentally to connect [with the body] has decreased
my pain and my emotion and my muscle tightness.”[29)

“I think that just by focusing on it and trying to really understand it and feel it helps to
lessen it.” [140]

“I did start observing that after I sat down and thought about it, the pain was lessened, if
not gone completely. And that was kind of the aha moment, there is actually something to
this.” [87]

“When I was really, really trying to focus in on the pain, and identify it and all this, and I
had this period of time, and this hadn’t happened in a year and a half—I've had this for
going on two years now—where all of the sudden the pain diminished substantially. . . And
that was a great pleasure.” [86]

Discussion. The mindful interoceptive exposure task of the app appears to loosen a previ-
ously more rigid reification/objectification of the pain experience, which is consistent with
traditional philosophies of change (Herakleitos, panta chorei) [52] and impermanence
(Buddhist, anicca/ anitya) [53]. Although this experience was new to our participants, it has
been described previously [27, 54, 55]. We will discuss this further in the general discussion
below.

4) Pain has a 3D shape. Definition. The concept that the sensation of pain occupies a
three-dimensional space within our three-dimensional body made sense to all participants,
although it was new to most participants’ felt experience. Participants, who were able to hold
attention with a sensory perceptive focus, were surprised by the qualities and characteristics of
the pain’s phenomenology, morphing into various shapes with a surprising variety of densities,
transparency, temperature, and colors. However, to be able to engage in this
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microphenomenological sensory focus of deep inquiry into the uncomfortable pain sensation,
some participants required verbal one-on-one guidance during the exit interview.

“Surprise that pain had all kinds of different shapes. It wasn’t ever really the same. Before
the app, I was not aware of it, it was just like, ‘it hurts.” [126]

Examples for the shapes of pain: A ball [6, 26]; an amoeba, almost like a living, breathing
thing, changing shape or not [56]; radiating rings like a tree trunk, white radiating off into
grey and very dark at the outer edges [86]; a brick [126]; a pool table ball [126]; a pole,
sometimes very thin like a needle or a pencil, kind of dull and poking [126]; a cylindrical
shape with a blurry/fuzzy outside with little pain branching out at segments of the spine
[128], a star, white, radiating, cold, a space rather than a light [129]; a flash, a burst [129]; an
energy center [86]; an oval shape, horizontal, bluish, opaque see through, feeling alive with
energy in it, “it’s my energy, a part of me, beautiful” [135]; an oval like an American football
[138]; a stun gun [138]; a hand strangling my vertebra, a cramp [138]; a hot nail in my back
[138]; a tight superball with a hard inner core, like a heavy-duty golf ball-type material
inside, coal black, and away from the center more like grey rubber and on the outside whit
and fluffy, feeling dead, an alien pod [141]; watercolors on a piece of white paper, pink in
center, bleeding red on the edges [184].

And when the pain diminishes while focusing on the pain:

“I focus in the spine. . . Because I never feel that, ‘oh my god, what’s going to happen now?’-
.. .The butterflies, they were stuck in my back, and they start flying. . . purple butterflies fly-
ing away. .. When I feel that sensation, I feel I can breathe better. . . I feel, it’s hard to say,
like when you open a Coca Cola. Pshhw. . . like the air comes inside my back. . . this is really
amazing.. . .it helps a lot.” [26]

Discussion. Participants explored the three-dimensional shape of their pain experience.
This was further explored during the exit interview, where we found that a microphenomeno-
logical inquiry into the lived experience of pain could reveal previously unnoticed details. This
is consistent with findings from other research using microphenomenology interviewing tech-
nique [57] and some traditional or contemporary contemplative practices (e.g., https://www.
diamondapproach.org/method). To our knowledge, the variety of elements of the pain experi-
ence was rarely described before [27], but never as patient-reported real-life experience.

5) Participants had difficulties finding words to describe sensory awareness: Either just
using the word “thinking” for any mind-body activity or by attempting to specify “really,

», «

really thinking”; “really focusing”. Definition. Since the task included a differentiation (a
“breaking down”, “deconstructing”) of the pain sensation into its various elements, components,
qualities, or characteristics, the mental activity associated with this task was generally reported by
participants as “thinking” about pain. They reported that they perhaps have had thoughts about
pain but never before were “really thinking” about it, “really focusing” on it. They made a distinc-
tion between “thinking” of pain, as in “Oh, this is my pain! Nothing new about it” and even iden-
tifying with it (I am the girl with pain”), on one hand, and “really, really thinking” about pain,
such as “trying to be with it, analyze it, understand it,” on the other. They lacked appropriate lan-
guage to differentiate between sensing with immediacy and curiosity and thinking about pain
with avoidance of “actually feeling” it. They often gave up after grappling for words, recognizing
the limitation of their vocabulary, which could potentially discriminate distinct cognitive ele-
ments or mental processes involved in mindful interoceptive exposure.
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“Actually thinking about it, not just thinking about: ok, I have pain.” [100]

“Thinking about it. . ., so sometimes I think I'm mixing up the sensing and the thinking
about it, but the thinking about it, then is that truly what I am feeling?. . . Periods where
you're trying to think about it, whether you're really sensing versus what you think about
it, but. . . those two things are so intertwined that trying to keep them unknotted. . . That
whole approach to thinking about it!” [78]

“For some reason identifying it, thinking about it, sometimes kind of meditating on it, it
helped it. .. . I found it interesting. It’s almost like while I was focusing in on it, it may have
become a little bit less because I'm thinking about it. I don’t know quite how to explain it,
but. ... I was with it, yes.” and later the same participant states: “I felt very present. I didn’t
feel distracted, I didn’t feel like I was thinking.” [86]

“You’re going to be thinking about your pain, I want you to focus and think about it with
curiosity. That curiosity is kind of a unique word and so it makes you think, be curious
about this. And I think that word does help you kind of get in the right mindset to focus on
what you're supposed to focus on. Without that, it would just be think about it, but think-
ing with curiosity definitely has a triggering effect that makes me focus a little more.” [87]

“Really thinking about it.” [87]
“I have never really thought about thinking about it; it was interesting.” [110]

“That’s when I start really thinking about it. Beforehand I kind of quickly think about it, or
not think about it.” [110]

“I think just being more present with it and really thinking about how it’s feeling internally
or inside.” [126]

Discussion. It seems that the way the word “thinking” is used by our participants includes
all mental processes that are in contrast with sensory awareness of pain and in line with dis-
traction from that unpleasant sensory experience. As described in research on mindfulness
and meditation, novices to these approaches commonly are unable to differentiate thinking
about oneself (including pain) from the direct sensory experience of oneself (including pain)
[17]. Even experts had to apply considerable effort to agree on consistent language that distin-
guishes functional dimensions (object orientation, de-reification, and meta-awareness) cou-
pled with various qualitative dimensions (aperture, clarity, stability, and effort), which in turn
are associated with specific neurological brain activities [58]. The philosopher Heidegger
(1951-52), in his classical lecture series “Was heisst Denken? [What is called Thinking?]”
describes a similar lack of clarity in the common use of the word and then discerns two kinds
of thinking, “calculative thinking” and “meditative thinking” [59, 60]. As referenced in the
introduction, the psychologist Marc Williams made a potentially related intriguing observa-
tion in his review of studies on mindfulness interventions for pain, namely that thinking about
pain may be a subtle form of distraction from actually sensing it [16]. This extends beyond
pain to “thinking” about emotions [16] and our self-concept [61]. There were few exceptions:

”I think not necessarily obviously thinking about it, but paying attention to how it feels
like.” [126]

6) The participants described a sequential process of meeting initial resistance, inten-
tionally stopping, slowing down, sitting still, and focusing. Definition. Participants
described the activities that were involved with the app and its task as organized in a
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diachronic sequential order: 1) “stop, take time, step away”; 2) “sit, slow down”; 3) “tune in, be
with it, really focus on pain sensation, really think about it”. Some participants added two addi-
tional steps: 4) “shut everything else out, shut down your brain”; 5) “let your body speak, and
listen.” For a focus on unpleasant bodily sensation, such as pain, participants encountered an
initial resistance, that had to be overcome to move from experiential avoidance to mindful

awareness.

“Stop, taking time [6, 29, 87, 126, 141], step away [126], sit, slow down [141], calm down
[25], going inward [29], focus on pain [6, 10, 16, 19, 86, 89, 100, 126, 128, 141, 148, 161,
167], really, really trying to focus in on the pain [86, 126, 161], tune in [167], honing in [14],
be with it [102, 161], think about it [6, 10, 29, 78, 86, 87, 89, 102, 110, 126, 128, 148], being
mindful about what it feels like [128].”

A few participants went further and noted:

“30 seconds was not enough time to just really shut down your brain.” [110]

“Really, the important thing is spending that 30 seconds letting your body speak, and just
shutting everything else out.” [128]

But this was rather difficult for some:
“Focus on pain frustrates me; my mind never stops.” [92]

Discussion. Several sequential steps appear to be necessary to gain benefits from mindful
interoceptive exposure to pain. Overcoming experiential avoidance of negative emotions,
which, according to Craig [62], include feeling pain, is a common theme in established behav-
ioral approaches to pain (cf. ACT, exposure-based CBT, and other psychotherapies since
Freud).

7) Recognition of the role of breath in coping with pain. Definition. Focusing on and
becoming aware of breathing appears to have facilitated the letting go of tensions that partici-
pants noticed in their body as associated with pain.

“Stop and breathe!” [95]

“Connecting the breathing with focusing on pain.” [140, 167]

“The app helped to taking time to slow down, sit and just breathe.” [19, 29, 41, 95, 138, 141,
167]

“Breathe and let emotions come in!” [29]
“I need to stop and breathe.” [148]

“I focus what the breathing is doing to it, it drops the tightness, relaxes a bit, coming from
the outside. As soon as it hits the inside there is a release of tension.” [141]

“Acknowledging it and then letting go, instead of holding breath with frustration.” [25]

Discussion. That awareness of breath and conscious or controlled breathing can be helpful
for chronic pain has been found in prior research [63, 64].

8) The attentional focus on pain (i.e., mindful interoceptive exposure) may moderate
affect and the appraisal of pain. Definition. Participants reported that using the phone app
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had effects on their affect and pain-associated emotions. They reported a reduction in the
threat value of their pain, being calmer, less scared of pain, less cranky, and less frustrated.

“Focus on my body instead of all the thought brings me into the center of myself and brings
awareness of how emotions are creating tightness with pain in my body.” [29]

“I was afraid to relax, now less afraid, more trusting in myself.” [78]
“If there is a relief from pain, hope comes up [10, 19, 86], and trust in oneself [78]
“Losing fear about pain sensation, I had deprived myself of moving.” [126]

“It’s painful, so what? I am not a victim of my pain, I can tolerate it and go for a walk. I feel
better about myself. This is not something I should let command my life” [138]

“A little more trusting towards my body, more confidence.” [148]

“Less afraid of what might be in the future.” [161]

“A little less cranky about pain.” [164]

“Looking at my pain, analyze it, calms me down instead of freaking me out.” [167]

“The whole experiment forced me to look at it and sit with it, and in the end it makes you
feel less afraid, more comfortable with your pain, if that makes any sense.[167]

“Things are not as dangerous as my mind was telling me.” [78]

Although most participants found some relief with the phone app, a few felt that bringing
more awareness to their experience of pain was making it more difficult to ignore their pain
during their daily work activities and rejected or resisted practicing mindful attention.

Discussion. this finding is consistent with research on mindfulness and its effect on emo-
tions and pain, [65-67] is in line with reduced worry and rumination found in the quantitative
data, and with recent research that showed different emotion-related phenotypes for traits of
interoceptive skills [68].

9) Participants may use visualization when inquiring into their sensory pain experi-
ence. Definition. The app asked to focus into the very center of the pain sensations as taking
up a circumscriptive space inside the body. To describe the shape, participants used visualiza-
tion and created 3D models in their mind intended to match interoceptive sensation with a
visual image. However, when asked whether they see these shapes, participants provided
inconsistent statements: seeing the shape of pain inside their body, or in their mind, or
described them as a “feeling” in space, and at times the same participant first confirmed the
use of visualization and then denied it. Imagination and spacious awareness of pain were diffi-
cult to articulate.

“Visualizing in my head, willing the body to relax.” [29]

“Visualizing but not always able to get that. If visualizing worked, did not feel distracted, it
was the moment, did not feel like thinking, remembering from something else.” [86]

“Creating a shape [for the pain] in my head. Visualization is my connection to the body.”
[128]

“I visualize what 'm picturing in my back, a 2D image shows up, I locate the spot then I
start scanning, trying to build this 3D image in my head.” [128]
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“Imagining the space, the pain takes in my body.” [129]

“I visualize the area that is in pain. It’s as if pain were a substance, that’s how I visualize it.”
[138]

“I visualize it in front of me, the back of my eyelids, really pretty.” and then she explains: “I
don’t visualize it, I don’t see it in my back, it’s just in my head, it develops on its own.” [148]

Discussion. Describing the process that is labeled as visualization of an interoceptive sensa-
tion that is felt in the back appears difficult. Where is the image located? What does it mean if
it is located in the head? Is directing the focus of sensory perception towards the shape of pain
asking for a visual image? How does a physical sensation felt inside the body space relate to or
get transformed into an image? Some of the descriptions were reminiscent of Annie Dillard’s
essay “on seeing” [69], where she describes two kinds of “seeing” in nature. One is imbued
with and obscured by our incessant thinking, impressed and colored by priors and predictions;
the other is experienced with perceptual immediacy in the present moment. This is consistent
with the predictive coding model of interoception [70] and pain perception, specifically [71].

10) Listen to your body: The body is communicating and “demanding” to be recognized
and acknowledged. Definition. A few participants described a kind of communication with
their own body, in which the body apparently wants to be recognized, given one’s full atten-
tion, and may stop “ramping up the pain” when its pain is acknowledged. The body is viewed
as an agent with a voice that uses pain as its language demanding to be listened to, and only
then can relax when the body’s owner is fully present with it.

“The body is communicating something.” [10]

“It is about listening better to my body, to what it’s trying to tell me, trying to interpret
what it means.” [89]

“Taking time, slow down, breathe, relax a little, unwind helped my body to say, ok, you are
recognizing you’re in pain, ok, we are happy with that, we don’t have to keep ramping up
the pain level to make you pay attention.” [141]

“The thinking, it’s stopping and just listening, stop listening, don’t think! Let your body
communicate up, let your body communicate here. . . stop scanning, just listen!” [128]

“Acknowledge the pain is a whole new perspective.” [25, 110]
“The body gives an answer. I think the hard part is just finding the words for it.” [128]

“The big takeaway is not to ignore your pain” [135]

Discussion. That the body “wants to be listened to” has been proposed previously as a stage
in the developmental model of bodily awareness, framed as the dialectic of body and self
[72, 73]. It is viewed as being an essential element in the concept of self-reported interoceptive
awareness [68, 74].

General discussion

We explored whether a mindfulness-based interoceptive exposure treatment would be feasible,
acceptable and benefit patients with cLBP. Our proof-of-concept study of the MyP smart
phone application demonstrated that such innovative approach to cLBP is acceptable to
patients, despite it being in marked contrast to the habitual coping style of ignoring pain and
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distraction. The majority of participants reported clinically meaningful improvements in their
pain.

Although drop-out rates in trials of apps can reach 50% [75], only two participants of the 31
(6.5%) who started using the app dropped out. Regarding recruitment and adherence, we
found the app-based attention task to be both feasible and acceptable. The instruction asked
for using it twice daily upon built-in notifications and to use the app additional times in
between. The mean number of app entries were consistent with the twice daily notifications,
but the variance for the number of entries was rather large. This may in part have been due to
the fluctuating course of pain and the relatively low level of pain intensity at baseline: for entry
criteria during recruitment, we required a minimum NRS pain level of only 3 out of 10. Mean
pain intensity was reported as 4.8 on NRS. However, EMA data showed that average pain
intensity during the first week of using the app was rated only 2.84 (+0.23) and pain impact
1.91 (+0.24). Future studies may include participants with higher average pain of >3 at
baseline.

We received valuable feedback on how to improve this prototype of a phone app in its tech-
nical and aesthetic aspects. The app was built on Qualtrics, lacked interaction among app
users, and presented itself with rather crude design compared to what is available today in our
rapidly evolving space of digital mHealth apps [76, 77]. It could be significantly enhanced by
adding more variety of content and color, by adding links to relevant pain education and by
adding more opportunities for two-way interactive communication with the research team.
This could potentially increase the frequency of app usage during the day. A few participants
noted that they “did not get into it” and used the app much less frequently than proposed.
Although the app was only minimally supported by weekly check-in calls with human interac-
tion, its basic version appeared helpful to participants and may serve as prototype for further
development.

Opverall, for most participants pain intensity and pain impact improved according to NRS
pain and PEG scores. This improvement was statistically significant and clinically meaningful
[78]. Pain Impact, the outcome measure recommended by the NIH Task Force, also improved,
whereas PROMIS Pain Interference had average improvement that was not considered a clini-
cally meaningful difference and was not statistically significant. However, because this was a
single-arm study, we cannot rule out improvements due to natural history, non-specific pla-
cebo effects, regression to the mean, and Hawthorne effects. Although EMA measures for
mean pain intensity and impact entered during the first and last week of using the app did not
show statistically significant improvements, averaged over 7 days they were correlated with
questionnaire items for the past week with the highest correlation for pain intensity seen at the
end of the intervention. This may be partially explained by EMA measures being collected and
averaged in the first week after starting the app, whereas baseline questionnaire scores were
collected “at average for the past week” preceding enrollment. EMA pain scores for the first
week of using the app frequently were entered weeks after enrollment and were lower than
during enrollment.

The qualitative interviews partly explained why three participants reported slightly wors-
ened pain at follow-up: They had noted their resistance against the attention task. For one “it
became a chore” and “it was just hard to like take the time to do it” (ID 41); they “rushed
through it" because “you are at a much more important task that you're doing” when she “was
in a middle of something”, “multitasking” and “wasn’t really totally focused on just answering
those app questions or doing the exercise” (ID 19); “time to look at my pain. . . with a full-time
job or something like that: I don’t have that [time] right now”(ID 167). However, during her
interview the latter participants reported reduced pain anxiety contradicting her questionnaire
responses of unchanged pain anxiety scores a week earlier.
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Although across our participants mean questionnaire scores for pain-related physical anxi-
ety or for more general anxiety (both of which were low on average at baseline) did not show
significant improvement, rumination and worries about pain diminished. This was further
illustrated in the exit interviews (see Theme #8 above). This is in line with prior research on
catastrophizing [79] and worry [80] and a study that showed that cognitive defusion, a form of
psychological distancing from internal experiences, was more important for sensory-affective
uncoupling of pain and pain reduction during mindfulness meditation than changes in mind-
fulness questionnaire scores [81]. Whether attention to body sensations is positively or nega-
tively associated with anxiety depends on the style of attention [74, 82, 83]. We would not
expect that relatively brief mindful attention to pain sensations would reduce general anxiety,
but mindful attention to anxiety-related symptoms with decentering and sensory-affective
uncoupling in more intensive mindfulness interventions has shown benefits with anxiety [84].

Pain Self-Efficacy, like numerous other psychological variables that had consistently shown
associations with changes in pain outcomes in prior research with cLBP, did not change signif-
icantly. However, at follow-up Self-Efficacy scores were correlated with less worrying, higher
Attention Regulation and Trusting, whereas before the intervention only reduced Noticing was
negatively correlated with self-efficacy. This change in correlations may indirectly imply a
learning process for pain self-efficacy along dimensions of interoceptive awareness.

Exploring baseline variables for their association with the outcome of PEG scores, higher
scores on MAIA Body Listening and lower scores on experiential avoidance and PROMIS or
PASS Anxiety scores reduced the odds of a favorable outcome, as well as having widespread
pain and/or a history of PTSD, appear to indicate that if anxiety-driven hypervigilance and
experiential avoidance are not specifically addressed, patients may less likely benefit from this
approach.

However, we could not confirm our hypothesis that the app would increase mindful intero-
ceptive awareness as measured by the MAIA-2. Our study was advertised as “a study using a
new smartphone-based attention task that may help you better cope with your pain!” Mindful-
ness was not mentioned in it nor in the consent form. It was only briefly mentioned in the
introduction session and in the subsequent 6-page summary handout as “paying close and
mindful attention to the details of the sensation that we call pain (sometimes called Somatic
Tracking),” may restore diminished brain regions, retrain, and reprogram the signal processor,
and dial down the signal. We define “close and mindful attention” as “noticing how the pain
sensation actually feels.” Participants with regular mindfulness and/or meditation practice and
with above average levels of interoceptive awareness, a trait or skill that is trained with mind-
fulness practices [18, 85], were excluded from study participation. Meta-awareness, Decenter-
ing, or De-Reification, central aspects of mindfulness practices, were not explicitly taught in
the 1-hour introduction. Equanimity in pain observation and engaging with curiosity and
non-reactivity was recommended but never entrained. Using the phone app-based attention
practice did not increase average levels of mindfulness or interoceptive awareness in our par-
ticipants assessed by standard questionnaires (5 scales of FFMQ and 8 scales of MAIA) with
one exception: after the attention practice participants apparently worried less about unpleas-
ant pain sensations as indicated by MAIA Non-Worrying. In the future, more frequent human
support with more interactions with study staff may improve the participants understanding
of the interoceptive exposure task and more specifically train mindful attention. It would be
interesting to integrate our phone app intervention with a regular 8-week mindfulness training
and to assess the efficacy of such a combination.

Although the intervention did not equal a brief mindfulness intervention, it was based on
the theoretical concepts underlying a mindful interoceptive attention training for chronic
pain. The results are not completely unexpected, as previous studies have found that initial
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brief mindfulness instructions in untrained individuals can have negative effects on pain per-
ception [86, 87]. For a training that requires additional self-regulatory attention resources,
individuals with limited self-regulatory capacities at baseline may quickly reach personal limits
[86]. We only recruited participants who scored below average in interoceptive awareness,
which included Self-Regulation and Non-Distraction. Furthermore, other studies have noticed
that mindfulness-naive participants may overestimate their self-reported mindfulness skills
before initially applying and learning such skills [88] and feel they need to correct the self-
assessment downwards dafter training of mindfulness skills [89, 90], which may reduce the abil-
ity to see improvements in MATA and FFMQ scores. In contrast to the quantitative data not
showing significant improvements in the below-average baseline MAIA scores, the qualitative
interviews showed that most participants were able to—at least temporarily—shift the prior
habit of ignoring and distracting from pain to giving it full attention.

In line with the lack of apparent changes in mindfulness, the qualitative interview questions
did not explicitly ask about mindfulness or interoception skills that participants might have
acquired. Also, the interviewer had not seen any questionnaire data before the interviews that
might have led to more specific interview questions. However, the interviews showed that the
degree to which participants understood the rationale behind the study varied widely, and par-
ticipants generally had difficulties expressing themselves on topics of attention self-regulation,
skills of perception and cognitive changes (see Themes #5 and 9 above).

The qualitative interviews included an innovative interview technique based on micro-phe-
nomenology [45]. During this guided interview component, participants were able to inquire
into the experience of pain and report in more detail what they discovered about the dynamic
of pain with mindful interoceptive attention. They described a coherent sequential process of
stopping, slowing down, sitting still, and focusing, and the challenge of overcoming resistance
to focus on pain. Using breath awareness and slowing down breathing appeared to support the
focus [91]. When able to overcome the initial resistance, they were surprised by the great vari-
ance of their pain experience and its response to their own attention. A particularly surprising
discovery was that pain has a describable shape. Participants were able to report a great variety
of 3D pain shape experiences. Paying attention to pain in this curious and mindful way took
away some of the threat value of pain thereby changing the appraisal, which is consistent with
current theories of how mindfulness alters pain perception [66]. A few participants even dis-
covered an aspect of beauty in the shape of their pain. As a result, patients who improved in
pain outcomes appear to have learned to trust their bodies more and increased their ability to
take part in social life (by MAIA Trusting and PROMIS Social Role).

Limitations

This was a single-arm study, which has important limitations in assessing efficacy. In partic-
ular, the pre-post changes we assessed provide very preliminary data on the effects of the
intervention we studied, and the absence of a control group mean that we cannot distin-
guish changes in outcomes due to natural history or non-specific effects of participation in
a research study from the intervention itself. We also did not adjust for multiple compari-
sons, as this was a pilot study and not an efficacy study. Our finding of no differences in out-
comes by participants’ sex at birth may be limited by the small sample size. A major
limitation was the non-industrial basic design of the app and the small amount of human
support per phone and online video meetings. However, the study provided ample sugges-
tions for improvements and first-person insights into the cognitive processes involved in
changing the common coping style of distraction from pain to a mindful exploration with
interoceptive exposure.
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Conclusions

In this single-arm proof-of-concept study we confirmed the feasibility and acceptability of an
innovative app-based approach to cLBP that is based on mindful interoceptive exposure to
pain, which is in marked contrast to the habitual coping style of ignoring pain and distracting
oneself from it. Patients made new discoveries about previously unnoticed details of their pain
experience, e.g. about the shape of pain. Our study shows that paying attention to the details of
the pain experience with curiosity may be an alternative approach to the management of
chronic low back pain for patients, who are not overwhelmed by demands of daily life and
have not widespread pain and/or a high degree of anxiety-driven hypervigilance. By decreasing
worry and rumination, this approach may work by sensory-affective uncoupling not unsimilar
to mindfulness approaches [81] and could potentially integrated into conventional mindful-
ness-based practice trainings.
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