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Abstract
Readily accessible nonpharmacological interventions that can assist in opioid dose reduction while managing pain is a priority for adults
receiving long-term opioid therapy (LOT). Few large-scale evaluations of online pain self-management programs exist that capture effects
on reducing morphine equivalent dose (MED) simultaneously with pain outcomes. An open-label, intent-to-treat, randomized clinical trial
recruited adults (n5 402)withmixed chronic pain conditions fromprimary care and pain clinics of 2U.S. academic healthcare systems. All
participants received LOT-prescriber-provided treatment of MED$ 20 mg while receiving either E-health (a 4-month subscription to the
online Goalistics Chronic Pain Management Program), or treatment as usual (TAU). Among 402 participants (279 women [69.4%]; mean
[SD] age, 56.7 [11.0] years), 200 were randomized to E-health and 202 to TAU. Of 196 E-heath participants, 105 (53.6%) achieved a
$15% reduction in daily MED compared with 85 (42.3%) of 201 TAU participants (odds ratio, 1.6 [95% CI, 1.1-2.3]; P5 0.02); number-
needed-to-treatwas 8.9 (95%CI, 4.8, 66.0). Of 166 E-health participants, 24 (14.5%) achieved a$2 point decrease in pain intensity vs 13
(6.8%) of 192 TAU participants (odds ratio, 2.4 [95% CI, 1.2-4.9]; P5 0.02). Benefits were also observed in pain knowledge, pain self-
efficacy, and pain coping. The findings suggest that for adults on LOT for chronic pain, use of E-health, compared with TAU, significantly
increased participants’ likelihood of clinically meaningful decreases in MED and pain. This low-burden online intervention could assist
adults on LOT in reducing daily opioid use while self-managing pain symptom burdens.
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1. Introduction

Approximately 18 million Americans receive long-term opioid
therapy (LOT) for chronic pain.9 Expert panels and authorities,
such as the Centers for Disease Control and Prevention (CDC),

warn of potential risks of LOT and emphasize nonpharmaco-
logical chronic pain therapies.11 The CDC’s guidelines for opioid
tapering emphasize person-centered decision-making in the use
of nonopioid therapies and inclusion of patient education,
cognitive behavioral therapy (CBT), and interdisciplinary re-
habilitation.6 These guidelines align with the U.S. National Pain
Strategy’s recommendation for developing individualized, pain
self-management strategies to provide consistent pain education
and coping skills training.22 Globally, equitable access to high-
quality pain care is a recognized problem.38 Still lacking is
consensus on standardized self-management materials or
methods for clinicians to deliver on recommendations to ensure
safe, effective opioid dose reduction.

Substantial research supports self-management programs to
improve pain intensity and minimize disability with similar
outcomes obtained using face-to-face or internet-based pro-
grams.15 Internet-based programs could, potentially, allow for
increased ability to standardize and replicate effective programs,
making them accessible and affordable to people with chronic
pain. Lacking from most efficacy studies of internet-based, self-
management chronic pain interventions is an evaluation of their
impact on opioid dose reduction.13,26 This study sought to
address this gap by testing the Goalistics Chronic Pain
Management Program (referred to here as E-health) for its impact
on LOT dose.

Two prior randomized controlled trials (RCTs) found reduc-
tions in both self-reported pain and medication use with this E-
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health program.25,36 To build upon these findings, the EM-
POWER trial reported here (NCT03308188) included an
objective measure of morphine equivalent dose (MED) using
electronic health record (EHR) data. The study’s primary
objective was to evaluate the impact of treatment as usual
(TAU) vs TAU plus E-health (E-health) with the hypothesis that
the E-health, relative to TAU, group would have a significantly
greater proportion of participants with $15% reduction in daily
MED and clinically significant decrease in pain intensity 6
months after treatment. Secondary outcomes to evaluate
multidimensional aspects of pain were selected based on
recommendations from the Initiative on Methods, Measure-
ment, and Pain Assessment in Clinical Trials (IMMPACT)
guidelines and included pain interference on sleep, function,
and mood, pain coping, and pain self-efficacy.16

2. Methods

2.1. Trial design and oversight

EMPOWERwas a two-site intent-to-treat (ITT), two-arm, open-
label, RCT approved by the single IRB of record (University of
Cincinnati). Innovative design features that allowed for fully
remote study activities and data capture have been described
in detail previously.37 The protocol provided in Supplement 1
(available at http://links.lww.com/PAIN/B721) was designed by
the research team and registered before participant enrollment
at ClinicalTrials.gov (NCT03308188). Written informed consent
was secured electronically. A stipend of up to $110 was
provided to participants for completing 4 scheduled research
assessments ($20 for 1 and $30 each for 3); participants were
not reimbursed for completing E-health modules. A Data and
Safety Monitoring Board composed of pain management
professionals and researchers external to the study team met
annually to review and advise on collected data and adverse
events (AEs).

2.1.1. Participants

Outpatients receiving treatment at one of the 2 participating U.S.
university-based healthcare systems were included. Adults (age
25-80 years) were eligible for the trial if they had been prescribed
LOT of$20 MED over the prior 90 days at the time of EHR query
(conducted between February 2018 and October 2020), had$1
chronic pain-related diagnosis, were able to provide informed
consent, self-reported current use of opioid medication(s) to treat
chronic pain, had a Brief Pain Inventory (BPI) intensity score $3,
and had internet access and a working email account. The $20
MED cutoff was chosen because, although a single dosage
threshold for safe opioid use has not been identified, experts note
that dosages ,20 mg/day MED are safer than doses 20 to 50
mg/day MED.12 Excluded were patients who were pregnant,
incarcerated, unwilling to complete a web-based neurological
assessment, or who, in the judgement of study staff, would be
unlikely to complete the study (eg, terminal illness).

2.1.2. Randomization

Participants were recruited using an “opt in” process using EHRs
at the sites. Patients flagged as potentially eligible received an
IRB-approved recruitment letter and brochure describing the
study sent via the U.S. Postal Service. The letter explained that
the recipient may be eligible for the EMPOWER study that would
test an online pain self-management program and that they

would be called by research staff to discuss the study;
instructions on how to opt-out from further study contact were
included. Participants were randomized in a 1:1 ratio to TAU or E-
health, stratified by site. Treatment group sizes never differed by
more than a factor of b/2 where b is the block size to help ensure
treatment balance. To ensure unpredictability, block size
randomly alternated between b 5 2 and b 5 4. Research
Electronic Data Capture performed the randomization process
with the randomization sequence unknown to research staff.18

EMPOWER enrollment was listed in the EHR at one site, but
treatment condition was not provided; thus, the prescribers were,
in effect, blinded.

2.2. Intervention

Participants were notified of their randomized group assignment.
All participants received TAU; the most common non-LOT
treatment received during study participation was physical
therapy sessions based on both self-report (33.1% of E-health
and 34.0% of TAU participants) and EHR pain-related referrals
(34.0% of E-health and 32.7% of TAU participants) with no
significant group differences. E-health participants received a free
4-month subscription to the Goalistics Chronic Pain Manage-
ment Program (estimated cost $30 per month), which was
developed from evidence-based cognitive, behavioral, interper-
sonal, and self-management strategies.29 Input from people with
chronic pain and chronic pain professionals was used in its
development, and it has been tested and found efficacious for
self-reported opioid dose-reduction and pain in several
RCTs.29,35,36 The program was created by pain psychologists
Drs. Linda Ruehlman and Paul Karoly with funding from U.S.
National Institutes of Health in 2010. It is presently owned by their
company Goalistics, a limited liability company, and available with
limited use agreements (http://www.mood.goalistics.com/). Pro-
gram content is delivered via 5 learning centers and uses a
combination of online and offline activities including videos,
symptom-tracking tools, and downloadable worksheets that can
be accessed with personal computers, tablets, and smart-
phones. Supplement 1 Appendix (available at http://links.lww.
com/PAIN/B721) provides more details on program content.
Additional content was added to the program since its initial
testing that includes information on opioid tolerance, depen-
dence, and nonopioid pain management options. The program
can be understood through the lens of self-management
theories, which hold common concepts recognizing pain self-
management as an ongoing process involving (1) an individual’s
active role in pain management, (2) adoption of self-management
skills (eg, planning, self-monitoring, and attention focus) and
targets for change (eg, exercise level, negative emotions, and
dysfunctional thoughts), and (3) the achievement of pain-related
outcomes (eg, increased fitness, decreased suffering, and
reduced pain-related interference).30

E-health program activities can be completed within 8 weeks
by spending approximately 1 to 2 hours per week. E-health
participants received weekly emails with program instructions
and goals for weekly activity completion. Fidelity in intervention
delivery was addressed by giving specific directions regarding
what program modules to complete with each weekly commu-
nication. Research staff attempted to make phone contact with
participants not significantly engaged with the program; they also
troubleshot technical problems. Staff were bachelor’s-prepared
research assistants and had no special training in pain
management other than the content included in the E-health
program. All intervention activities took place within the
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participants’ home environment and with no special equipment
required beyond a phone and internet connection. Additional
time was spent in phone contact for any participants requesting
assistance or not completing assigned modules; this generally
involved only encouragement and direction on how and where to
access the program activities.

2.3. Dependent variables and measurements

Participants completed self-report measures at baseline, the end
of the 4-month active treatment phase, and 6 months after active
treatment (ie, month-10) using Research Electronic Data Capture
to collect data from March 2018 to September 2021.18 Baseline
information, such as age, sex, and health history, were collected
per trial protocol (Supplement 1, available at http://links.lww.
com/PAIN/B721).

2.3.1. Assessment of opioid use

Opioid prescription information was collected from the partici-
pants’ EHR through Month-10. It is important to note that while
some EHR data can have significant shortcomings, medication
prescription data are generally of high quality.14,24 The primary
outcome was whether there was a $15% decrease (yes/no) in
MED, based on EHR opioid prescribing information between
baseline and month-10. Morphine equivalent dose calculation
used the Opioid Morphine Equivalent Conversion Factors table
created by the CDC.5 A$15% MED decrease has been defined
as a meaningful change in past research and recognized as an
“opioid taper.”1,7 The effect of treatment on this binary outcome
was tested using a logistic regression as described in the analysis
section below. As a secondary numeric outcome, the raw
baseline-month-10 difference in MED was also tested for a
treatment effect using a linear regression. Morphine equivalent
dose calculations using EHR are limited in that they cannot
account for how much of a prescription a person is using or
whether additional opioid prescriptions are received outside of
one’s primary healthcare system. However, this study sought to
add evidence by building upon the prior RCTs testing this
intervention that only captured opioid use with self-report
measures.

2.3.2. Assessment of pain

The key secondary outcome was whether there was a clinically
meaningful baseline-to-month-10 decrease ($2 points; yes/no)
in pain intensity.15 The BPI was used as a well-validated, reliable
instrument that includes a 4-item pain intensity subscale (Likert
scales; range 0-10, with lower scores indicating less pain).8

Additional secondary outcomes were investigated using the BPI
interference subscale that measures on Likert scales (range 0-10)
the level of pain interference on life (eg, mood, activity, sleep, and
relationships). Treatment effects were examined for both pain
intensity and interference with binary outcomes ($2 points; yes/
no) using a logistic regression. In addition, the raw baseline-
posttreatment differences in both BPI intensity and BPI in-
terference scales were tested for treatment effects.

2.3.3. Assessment of pain-related outcomes

Pain-related secondary measurements of pain knowledge, pain
self-efficacy, and pain coping were included and expected to
improve from E-health.30 The Pain Knowledge Questionnaire
included 15 true/false items about opioid medications and

nonopioid treatment alternatives covering content specific to
the E-health program (eg,When in pain, it is best to limit activities).
This instrument was developed and used in a prior RCT of E-
health and measured significantly increased pain knowledge.29

The Pain Self-Efficacy Questionnaire (PSEQ) is a 10-item
measure to assess confidence in managing pain that has good
construct validity and reliability (Cronbach’s a 5 0.92).32 Pain
coping was measured by using the Coping Strategies Question-
naire (CSQ-R), which is a 27-item Likert-scale questionnaire
assessing the use of 6 pain-coping strategies: (1) catastrophizing;
(2) coping self-statements; (3) ignoring sensation; (4) distancing;
(5) distraction; and (6) praying. Participants rate their utilization
of each strategy on a 7-point scale (from 0-“Never do that” to 6-
“Always do that”). The CSQ-R has been found to have adequate
internal consistency and validity in several patient
populations.19,33

2.3.4. Assessment of global health

Global health, which is a quality-of-life measure, was assessed as
a secondary outcome with the Patient-Reported Outcomes
Measurement Information System (PROMIS) 10-itemmeasure for
global health, which briefly but comprehensively assesses
physical and mental health; this is a reliable (Cronbach’s a .
0.80) measure with demonstrated construct validity.20 Raw sum
scores are converted to T-scores, where a T-score of 50 is
equivalent to the U.S. general population average and610 points
is equivalent to the standard deviation.28

2.3.5. Assessment of opioid misuse

TheCurrent OpioidMisuseMeasure (COMM) was used to assess
opioid misuse. The COMM is a 17-item self-assessment used to
monitor patients on opioid therapy and to assess whether they
are currently exhibiting behaviors indicative of substance misuse.
The COMM has good predictive validity and reliability (Cron-
bach’s a. 0.82). Test-retest reliability has been established and
construct validity demonstrated with positive correlations with
urine toxicology results.3,4,34

2.3.6. Assessment of program adherence

E-health program adherence was assessed by the presence of
participant satisfaction ratings that participants were prompted to
complete after each online activity. Data on the number of ratings
were captured by the Goalistics software program and sent in a
report to the research team. Similar to past research, an
adherence score (range 0-6) was used with higher scores
representing greater adherence.35 An adherence score $2 was
defined as substantive program exposure; this cutoff reflects, at
minimum, completion of: (1) three “understanding pain” activities,
which include information about opioid medications (eg, potential
problems, reducing reliance, etc), and nonmedicine treatments
(eg, relaxation, CBT, hypnosis); and (2) the “profile of chronic
pain” assessment, or at least one other learning module activity.
The content participants would be exposed to at this level of
adherence has been shown in past studies to be sufficient to
achieve measurable benefits.36

2.3.7. Adverse events

Adverse events were assessed using the BPI intensity and
interference scores8 and the Depression, Anxiety, and Stress
Scales (DASS-21).2,10 The DASS-21 has established validity and
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reliability and assesses 3 constructs with 21 Likert-scale items of
past-week ratings: (1) depression; (2) anxiety; and (3) stress.2,10

Adverse events were defined as $30% symptom deterioration
from baseline indicated by the BPI intensity, BPI interference, or
DASS-21 subscales with a $ “moderate” severity score.
Research staff attempted to contact participants experiencing
an AE to obtain additional information and to assess for potential
serious AEs.

2.4. Statistical analysis

The sample size calculation assumed an a level of 0.05 (2-tail).
A pilot RCT, which had a 79% completion rate, found that 21%
of E-health, compared with 7% of wait-list control, participants
reported decreasing their opioid medication36; this difference
equates to an odds ratio (OR) of 3.6. Although EMPOWER
used a different MED reduction outcome ($15%) than the pilot
(any reduction), the pilot data were the most pertinent available
for estimating power. EMPOWER had a target sample size of
400 (200/arm) participants—using a conservative estimated
completion rate of 75% yielded 300 total completers (150/
arm). Having 300 completers provides 80% power to detect an
E-health treatment effect if $18% participants had a $15%
MED reduction against 7% of TAU; this equates to an OR
of $2.77.

Outcome measures were analyzed for the ITT population. All
statistical tests were conducted at the 5% type I error rate (2-
sided). Each binary outcomewas tested for unadjusted treatment
group differences using the Pearson x2 test and odds ratios with
95% confidence intervals. All reported regressions used outcome
as the response variable, treatment (E-health vs TAU) as the
covariate of interest, and baseline outcome as a supporting
covariate. Site and site-by-treatment were initially included as
supporting covariates and dropped if they were not significant.
Binary outcomes such as the primary outcome (change inMED$
15%) and key secondary outcome (change in BPI intensity $ 2)
were tested using a logistic generalized linear regression.
Baseline-month-10 continuous outcomes such as raw difference
in MED and BPI intensity were tested using linear regressions.

The Pearson x2 test was used to test for treatment group
differences in AEs. Number-needed-to-treat (NNT) was calcu-
lated for the primary outcome and the number-needed-to-harm
(NNH) was calculated for the AEs.31

As a rule of thumb, an analysis can be completed with
observed data, without imputation, if the missing data are
#5%.23 For the primary and MED outcomes, 98.8% of the data
(98% for E-health and 99.5% for TAU) were obtained. Month-10
was chosen a priori as the desired end point, in part, to allow time
for participants to digest the E-health content and follow-up with
their prescriber. For TAU, the month-10 survey data were
obtained for 95% of participants. However, while the month-10
survey completion rate was still relatively high for the E-health
participants (83%), it was significantly lower than that for the TAU
participants (X2(1)5 5.98, P, 0.05) and exceeded the 5% rule of
thumb for missing data. The main set of analyses in which
observed data were analyzed without imputation was supple-
mentedwith analyses usingmultiple imputation. Specifically, SAS
MI and MIANALYZE procedures were used to perform a multiple
imputation regression on each month-10 survey outcome
measure; the results (see Supplement 2, available at http://
links.lww.com/PAIN/B721) were very similar to the observed data
analysis results and were in complete agreement vis-à-vis
statistical significance.

3. Results

3.1. Participant characteristics

Demographic and baseline characteristics did not differ signifi-
cantly between groups. The sample was approximately 70%
female and 75% Caucasian; the average age of the participants
was 57 years (Table 1). The total number of practices from which
participants were recruited were 38 primary care clinics (16 from
UCHealth and 22 fromDuke) and 5 pain clinics (3 fromUCHealth
and 2 from Duke). The final sample included 152 (37.8%)
participants from pain clinics and 250 (62.2%) from primary care.
Participants reported an average of 3.8 (1.8) pain diagnoses, with
the most common diagnoses including arthritis (248 [61.7%]),
back (312 [77.6%]), and joint (234 [58.2%]) pain. The mean BPI
intensity score was 5.9 (1.6). The mean MED was 48.0 (58.6)
milligrams.

Research staff completed a short prescreen with patients
receiving a recruitment letter, with 208 patients failing prescreen.
The majority of prescreen failures (N 5 116; 55.8%) failed
because of not having internet access, with the next most
common reason for pre-screen failure being not currently taking
opioids for pain (N 5 30; 14.4%). As shown in Figure 1, 589
potential participants were consented and screened, and 402
were randomized to E-health (n 5 200) or TAU (n 5 202).
Approximately 98.8% of participants were included in the primary
analysis. Of the 5 participants not included in the primary analysis,
3 withdrew consent (E-health), one died (E-health), and one had
an unusable baseline value (TAU, baseline included prescriptions
for 190 pills per day for 190 days with MED of 12,040).
Approximately 89% of participants completed the month-10
follow-up survey. Approximately 90.9% of participants not
completing the month-10 survey were unable to be contacted
(88.2% of the E-health and 100% of the TAU participants).
Additional reasons for noncompletion in the E-health group were
withdrawing consent (n 5 3; 8.8%) and death (n 5 1; 2.9%). No
participant discontinued the study because of an AE.

3.2. Primary and secondary outcomes

3.2.1. Morphine equivalent dose

Of 196 E-health participants, 105 (53.6%) achieved a $15%
reduction in daily MED compared with 85 (42.3%) of 201 TAU
participants (odds ratio, 1.6 [95% CI, 1.1-2.3]; P 5 0.02); NNT
was 8.9 (95% CI, 4.8, 66.0). Regression results revealed a
significant beneficial E-health treatment effect for both the
proportion meeting the target reduction (X2(1) 5 5.1, P 5 0.02)
and the continuous MED (X2(1) 5 4.50, P 5 0.03) outcomes. A
visual depiction of regression treatment effects for primary and
key secondary outcomes is provided in Figure 2. Table 2 details
the results of regression on all measured outcomes with effect
sizes.

3.2.2. Pain

Of 166 E-health participants, 24 (14.5%) achieved a $2 point
decrease in BPI intensity vs 13 (6.8%) of 192 TAU participants
(odds ratio, 2.3 [95% CI, 1.1-4.7]; P 5 0.02). Regression results
revealed a significant beneficial E-health treatment effect for the
key secondary outcome (X2(1)5 5.6, P5 0.02) and no significant
group difference for the continuous BPI intensity outcome (X2(1)
5 0.8, P 5 0.39). Pain intensity on average was in the moderate
range (5-6) at baseline and month-10 posttest for the full sample.

4 M. Wilson et al.·00 (2022) 1–9 PAIN®

http://links.lww.com/PAIN/B721
http://links.lww.com/PAIN/B721


A greater proportion of E-health participants, 42 (25.3%),
relative to TAU, 32 (16.7%), had a $2 point decrease in BPI
interference (odds ratio, 1.7 [95% CI, 1.0-2.8]; P 5 0.04).
Regression results revealed no significant beneficial E-health
treatment effect for the $2 point decrease in BPI-interference
outcomes (X2(1) 5 3.4, P 5 0.07) and no significant group
difference for the continuous BPI-interference outcome (X2(1) 5
1.5, P 5 0.23).

3.2.3. Pain-related outcomes

The change in percentage of correct answers on the Pain
KnowledgeQuestionnaire was significantly greater in the E-health
relative to the TAU group (X2(1) 5 11.05, P 5 0.0009). Pain self-
efficacy as measured by the PSEQ also increased on average by
approximately twice as much in the E-health group compared
with TAU, yielding a significant treatment effect (X2(1)5 7.35, P5
0.007). Pain coping was significantly improved on several CSQ-R
subscales in the E-health group relative to TAU (catastrophizing

X2(1) 5 4.50, P 5 0.03; distraction X2(1) 5 9.22, P 5 0.002;
passive coping X2(1) 5 4.86, P 5 0.03). The largest effect size
was observed on the subscale of catastrophizing (d 5 0.30).

3.2.4. Global health

On average, the PROMIS global physical and mental health
scores of participants were poorer than the average healthy adult
(,50). Neither variable showed a significant treatment effect from
baseline to 10-month posttest (physical health X2(1)5 1.18, P5
0.28; mental health X2(1) 5 0.02, P 5 0.90).

3.2.5. Opioid misuse

At baseline, approximately 40% of all participants exhibited a
COMM score $ 9, indicative of opioid misuse (E-health n 5 79
[39.5%] vs TAU 84 [41.6%]). No significant treatment effect was
noted from baseline to 10-month posttest for the continuous
COMMoutcome (X2(1)5 0.01, P5 0.94) or for the binary COMM
indicator (X2(1) 5 0.01, P 5 0.91).

3.2.6. Program adherence

Based on adherence scores, a total of 136 of the 200 E-health
participants (68.0%) had a score of at least 2, indicating that they
had received substantive exposure to the program. The mean
adherence score was 2.5 (SD5 2.0). The range was 0 to 6, with a
median of 2.0.

3.2.7. Adverse events

An AE occurred for 42.5% of E-health and 47.0% of TAU
participants with no significant group differences (X2(1)5 0.8,P5
0.36); because AEs were less prevalent in E-health, the NNHwas
a negative (222.1) and thus, the NNH was, effectively, 0. An AE
for the BPI was reported for 20.5% of E-health and 23.3% of TAU
participants with no significant treatment group difference (X2(1)
5 0.5, P. 0.05). An AE for the DASS-21 was reported for 31.5%
of E-health and 32.7% of TAU participants with no significant
treatment group difference (X2(1) 5 0.1, P . 0.05). No serious
AEs were reported.

4. Discussion

The present RCT evaluated the ability of an online chronic pain
program (E-health), relative to TAU only, to decrease daily MED
(primary) and pain intensity (key secondary) in adults with chronic
pain receiving LOT. The ITT analyses revealed a statistically
significant beneficial impact of E-health, relative to TAU, on both
the primary outcome of $ 15% MED reduction and the key
secondary outcome of a $2-point decrease in pain intensity. A
significant treatment effect was also found for MED, but not BPI
intensity, as continuous measures. Secondary outcomes with
significant treatment effects included pain knowledge, pain self-
efficacy, and pain coping subscales of catastrophizing, distrac-
tion, and passive coping.

The significant E-health effect on the primary outcome
measure and MED is consistent with the findings from 2 prior
RCTs, which found that E-health significantly decreased
prescription-pain medication use. In an RCT with patients
heterogeneous for LOT use (N 5 305), E-health participants
reported significantly greater decreases in prescription medica-
tion use compared with wait-list control.25 The second RCT,
conducted with 92 adults with chronic pain with a current opioid

Table 1

Participant demographic and clinical characteristics as a

function of treatment group.

Characteristic No. (%)

E-health Treatment as usual

Participants, no. 200 202

Age, mean (SD) 56.4 (11.1) 56.9 (10.9)

Sex

Female 139 (69.5) 140 (69.3)

Male 61 (30.5) 62 (30.7)

Race and ethnicity

African American/Black 43 (21.5) 29 (14.4)

Caucasian 147 (73.5) 154 (76.2)

Other* 10 (5.0) 19 (9.4)

Hispanic or Latinx 3 (1.5) 2 (1.0)

Pain diagnosis

Arthritis 124 (62.0) 124 (61.4)

Back 150 (75.0) 162 (80.2)

Fibromyalgia 45 (22.5) 46 (22.8)

Joint 120 (60.0) 114 (56.4)

Migraines 50 (25.0) 52 (25.7)

Neck 73 (36.5) 78 (38.6)

Nerve pain/Neuropathy 96 (48.0) 96 (47.5)

Other 84 (42.0) 101 (50.0)

No. of pain diagnoses, mean (SD) 3.7 (1.8) 3.8 (1.9)

MED, mean (SD) 48.1 (63.6) 47.8 (53.4)

MED, range 20.0-660.0 20.0-548.0

Pain: BPI intensity, mean (SD) 5.9 (1.5) 5.9 (1.6)

Education

,High school 5 (2.5) 13 (6.4)

High school 124 (62.0) 113 (55.9)

Bachelor’s degree 35 (17.5) 50 (24.8)

.Bachelor’s degree 36 (18.0) 26 (12.9)

Employment

Full-time 45 (22.5) 46 (22.8)

Part-time 13 (6.5) 12 (5.9)

Disabled 85 (42.5) 86 (42.6)

Retired 49 (24.5) 44 (21.8)

Other 8 (4.0) 14 (6.9)

* Six participants were American Indian, 1 was Asian, 1 was Pacific Islander, 8 were more than one race, and

13 did not specify.

BPI, Brief Pain Inventory; MED, morphine equivalent dose.
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Figure 1. CONSORT diagram. aThree participants withdrew consent. One participant died. bThe baseline morphine equivalent dose for one participant was an
unusable outlier. MED, morphine equivalent dose; TAU, treatment as usual.

Table 2

Changes frombaseline to posttest in average primary and secondary outcomemeasurements for treatment and control groups.

Baseline* Month-10 posttest*

E-health TAU E-health TAU Test† P† d (95% CI)‡

MED 48.1 (63.6) 47.8 (53.4) 49.8 (87.2) 61.1 (98.4) 4.50 0.0339 20.20 (20.40, 20.00)

BPI pain intensity 5.9 (1.5) 5.9 (1.6) 5.5 (1.8) 5.7 (1.8) 0.75 0.3855 20.09 (20.29, 0.12)

BPI pain interference 5.8 (2.2) 5.6 (2.3) 5.0 (2.5) 5.2 (2.5) 1.46 0.2274 20.14 (20.34, 0.07)

PROMIS global physical health 36.0 (6.5) 36.8 (6.2) 37.7 (6.6) 37.7 (7.1) 1.18 0.2781 0.14 (20.06, 0.35)

PROMIS global mental health 43.2 (8.3) 43.2 (8.7) 44.4 (9.1) 44.1 (9.1) 0.02 0.9017 0.00 (20.20, 0.21)

Current opioid misuse measure 8.7 (6.5) 8.7 (6.1) 7.5 (6.7) 7.4 (6.2) 0.01 0.9416 0.00 (20.20, 0.21)

Pain knowledge (% right) 72.6% (14.1%) 74.2% (14.1%) 81.6% (13.3%) 78.4% (12.5%) 11.05 0.0009 0.34 (0.13, 0.55)

Pain self-efficacy 24.6 (12.5) 25.2 (12.8) 31.6 (13.3) 28.6 (13.7) 7.35 0.0067 0.27 (0.06, 0.48)

Coping strategies

Catastrophizing 2.2 (1.2) 2.0 (1.3) 1.9 (1.1) 1.9 (1.3) 4.50 0.0339 20.30 (20.51, 20.09)

Coping self statements 3.8 (1.3) 3.6 (1.2) 3.9 (1.2) 3.7 (1.1) 1.60 0.2057 0.06 (20.15, 0.27)

Distance from pain 1.5 (1.3) 1.2 (1.4) 2.1 (1.4) 1.7 (1.5) 3.78 0.0518 0.12 (20.09, 0.33)

Distraction 3.3 (1.3) 3.1 (1.4) 3.7 (1.1) 3.3 (1.3) 9.22 0.0024 0.19 (20.01, 0.40)

Ignoring pain 2.2 (1.2) 2.1 (1.3) 2.5 (1.2) 2.3 (1.4) 1.34 0.2467 0.07 (20.13, 0.28)

Praying 3.5 (1.7) 3.4 (2.0) 3.4 (1.7) 3.4 (2.0) 1.52 0.2176 20.16 (20.37, 0.05)

Passive coping§ 5.7 (2.2) 5.3 (2.6) 5.3 (2.2) 5.3 (2.7) 4.86 0.0275 20.29 (20.50, 20.08)

* All measures summarized as mean (SD).

† Linear regression type-III Wald x2 (df 5 1) test for treatment effect for baseline-posttest difference (bold text indicates P , 0.05).

‡ Cohen’s d for baseline-posttest difference.

§ Passive coping includes catastrophizing and/or praying.

BPI, Brief Pain Inventory; MED, morphine equivalent dose; PROMIS, Patient-Reported Outcomes Measurement Information System; TAU, treatment as usual.
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prescription, found that significantly more E-health, relative to
wait-list control, participants reported decreasing or discontinu-
ing their opioid medication.36 This study contributes to the
evidence base by capturing MED from clinical records vs self-
report, which increases confidence that the program can be
beneficial in reducing opioid use.

The key secondary measure of a $2 point decrease in BPI
intensity was defined a priori and selected to be a clinically
meaningful outcome.37 The significant E-health effect on this key
secondary outcome measure is consistent with the findings from
2 prior RCTs, which found significant reductions in pain intensity
after E-health relative to a control group29 and a greater
percentage of participants reducing pain intensity by $ 2 points
after 8 weeks of E-health relative to controls.36 Secondary
outcomes affected in this study also align with prior research on
E-health and other self-management programs that often
improve self-efficacy and knowledge.29,30,36 Although pain
interference was not significantly improved here, E-health has
shown positive results in prior studies.29,32 This study also did not
reveal significant improvements in opioid misuse via COMM
scores, yet E-health has yielded improvements when tested with
adults in opioid use disorder treatment who have comorbid
chronic pain.35 Variability in scores may account for these
differences; the COMM score was nearly twice as high on
average among those in opioid use disorder treatment as among
the present study population.35 Global health scores were not
affected in this study, and no comparison data have been
published with this E-health program. Although E-health did not
improve global physical or mental health, it also was not
worsened in response to lowering MED.

E-health’s potential impact on clinical practice is reflected not
only in the relative size of its effect on MED and pain but also in
terms of reach and effectiveness, which are the RE-AIM
framework components pertinent for the present trial.17 In terms
of reach, we were able to recruit and retain a heterogeneous
population of participants with chronic pain prescribed opioids
with a broad range of pain conditions from primary care and pain
medicine practices, lending strength to external validity. Hence,
unlike research conducted with more highly selected patients
and/or those with a specific pain diagnosis, the present results
should be applicable to the majority of the 18 million Americans

receiving LOT. Of importance, because the trial did not require
that participants be interested in decreasing their opioid dose, the
results are pertinent to the large number of patients who similarly
have not expressed an interest in dose reduction. Of note, our
sample consisted of predominantly White and female partici-
pants; therefore, future outreach and adaptations may be
required to meet the needs of more diverse populations.
Effectiveness includes both the benefits and adverse impacts
on an intervention.17 E-health demonstrated a significant positive
impact on the clinically meaningful primary and key secondary
outcomes with the analyses of AEs revealing no significant
difference between E-health and TAU; the NNT for the primary
outcome was 8.9 (95% CI, 4.8, 66.0) and the NNH was 0.
Although the precise mechanism for MED reduction cannot be
ascertained with this study design, several possibilities are likely.
The E-health program provided information on opioid tolerance,
dependency, and overdose risks along with suggestions for
nonopioid alternatives. This content may have increased re-
ceptivity to shared decision-making conversations about opioids
that are already underway in many clinics along with the boost to
pain self-efficacy and coping to manage symptoms, which are
well-established mechanisms of pain self-management
programs.10

Pain self-management education has been a recommended
foundation of chronic pain care since 2011.21 More recently, the
U.S. Federal Pain Research Strategy outlined a vision where
“people with pain would have access to educational materials
and learn effective approaches for pain self-management
programs to prevent, cope with, and reduce pain and its
disability.”22 Absent from recommendations to date is how pain
self-management should be integrated into clinical practice, how
it is best delivered, and precisely what content should be
included. The E-health intervention used in this study demon-
strates one possible way to deliver well-vetted pain self-
management content that can, potentially, be influential in
reducing opioid dose while meeting national objectives to
improve pain care. Specifically, the program studied cost
approximately $120 for a 4-month subscription, could be done
from home, and could be completed at a pace and schedule
suited to an individual’s preferences. Of note, approximately 43%
of our participants reported they were disabled. Transportation

Figure 2. Treatment effects for opioid dose and pain intensity outcomes. The chart shows regression treatment effect estimates for MED and BPI pain intensity
with 95% CIs (represented by horizontal line lengths). BPI, Brief Pain Inventory; MED, morphine equivalent dose; TAU, treatment as usual.
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and scheduling have been noted as significant barriers to
accessing nonpharmacological pain management options.27

An online E-health option could help reduce pain care disparities
for people who have disabilities or are homebound. The program,
although designed to be self-administered, required some
facilitation by research staff who provided guidance on program
features, troubleshot technical issues (eg, problems with the
participant’s web browser, forgotten login information, etc), and
encouraged program completion. Based on adherence scores,
approximately 68% of the 200 randomized E-health participants
received substantive exposure to the program. For clinical
practice implementation, program facilitation by professionals
or community health workers with behavioral health or pain
management proficiency may result in improved engagement
and outcomes along with more detailed information about how
people engage. Because the adherence scores only credit
participants if they complete a postlearning module satisfaction
survey, it is possible participants viewed or engaged in more
modules and materials, but did not record their satisfaction.
Because the program can be accessed from home, billing a
session with a professional to help work through the program
activities could be done on a separate day than primary care
visits, removing barriers to billing that presently exist in the United
States because primary care and behavioral health cannot be
billed on the same day for some health plans.

4.1. Limitations

This study had several limitations. First, although the EHR-derived
primary outcome of MED was available for 98.8% of participants,
with no significant difference between the treatment groups,
there was a significant treatment group difference in the month-
10 self-assessment completion rates, with higher completion for
the TAU (95%) relative to E-health (83%) participants. The results
frommultiple imputation analyseswere consistent with the results
from the completers analyses, and the 17% E-health attrition rate
is comparable with that of other online pain self-management
studies (ie, ranging from 0.9% to 69.8%),30 but an impact of
differential completion rate on the self-report outcomes cannot be
entirely ruled out. Another limitation was the inability to conduct a
double-blinded trial, given the nature of the intervention, although
this would not have had an impact on the primary outcome, given
that most of the prescribers would have been unaware of the
patient’s participation in the trial. It is also possible participants
informed their providers about their study enrollment. Although an
attention control group could have provided greater confidence
that this specific intervention was efficacious, the amount of
attention provided to E-health participants was minimal and
equivalent to attention provided to TAU members who received
phone calls when needed to complete their scheduled assess-
ments. The majority of participants had relatively low MED, which
may indicate some selection bias. Finally, although the sample
size was relatively large (N5 402), we recruited participants from
2 health systems in 2 geographic regions of the United States
(Ohio and North Carolina). Selection bias could have occurred
whereby those with computers, higher education, or more
receptivity to online interventions were more willing to join the
study. The results, therefore, may not generalize to other regions
or countries.

5. Conclusion

This trial demonstrates the significant and beneficial impact of an
E-health self-management chronic pain program for reducing

opioid medication dose while improving pain along with other
outcomes important to pain management. Research on optimal
implementation approaches for providing access to, and
encouraging use of, pain education and self-management tools
seems warranted. Augmenting usual care with pain self-
management content may aid in opioid dose reduction, even
when opioid use is not explicitly targeted.
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