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Abstract

Background: Patients with Systemic Lupus Erythematosus (SLE) often experience pain and other symptoms that
negatively impact quality of life. Interventions that enhance the use of behavioral and cognitive coping strategies
may lead to improved outcomes among patients with SLE. Pain coping skills training (PCST) programs have been
shown to improve outcomes among patients with other rheumatic conditions, but there have been no trials of
PCST among patients with SLE. This study was a preliminary assessment of the feasibility and efficacy of
painTRAINER, an automated, internet-based PCST program, among patients with SLE.

Methods: Participants (n = 60) with SLE from one health care system were randomly assigned with equal allocation
to painTRAINER or a wait list control group. PainTRAINER involves 8 modules; participants were instructed to
complete one module weekly, along with practice activities for each cognitive or behavioral coping skill. Outcome
measures were assessed at baseline and 9-week follow-up, including the Pain Catastrophizing Scale, PROMIS
Subscales (Pain Interference, Physical Function, Sleep Disturbance, Anxiety, Depression, Fatigue and Participation),
and the LupusPRO questionnaire. Mean changes in outcomes from baseline to follow up and Cohen’s d effect sizes
were computed.

Results: Effect sizes for the painTRAINER group (relative to the wait list group) were small, with changes being
greatest for the PROMIS Depression score (d = —0.32). Among those randomized to the painTRAINER group, 50%
accessed the program (“painTRAINER users”). Most of those who did not access the program stated that they did
not receive instructions via email. Effect sizes for “painTRAINER users” (relative to wait list) were larger than for the
whole painTRAINER group: Pain Catastrophizing d =—0.60, PROMIS Pain Interference d =—0.3,, PROMIS Depression
d =— 044, LupusPRO Health-Related Quiality of Life d =0.30.
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symptoms and challenges.
Trial registration: NCT03933839, May 1, 2019.

Keywords: Systemic lupus Erythematosus, Coping, Pain

Conclusions: PainTRAINER users reported meaningful improvements in multiple physical and psychological
outcomes, supporting the potential of PCST programs to benefit individuals with SLE. However, strategies are
needed to improve engagement with the program and tailor content to comprehensively address key SLE

Background

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease that impacts multiple organ systems. In-
dividuals with SLE often experience pain and a variety of
health-related challenges including fatigue, anxiety and
depressive symptoms, and disability [1]. SLE is associ-
ated with flare-ups and periods of remission that are un-
predictable, making it a complex disease to manage
clinically [2]. Due to the relatively young average age of
SLE onset, many patients must navigate these challenges
while maintaining work and/or caring for young chil-
dren. Because of these factors, SLE often has a major im-
pact on patients’ quality of life.

Prior studies show that greater use of pain coping ef-
forts and greater self-efficacy for coping with SLE-
related symptoms are associated with better physical and
psychological outcomes (i.e. fatigue, pain, psychological
distress, health-related quality of life) [3—7]. Also, pain
catastrophizing (ie. focusing on and exaggerating the
threat of pain and negatively evaluating one’s ability to
deal with pain) has been associated with poorer SLE out-
comes [3—7]. Importantly, many studies in other rheum-
atic conditions have shown that pain coping skills
training (PCST) programs can improve coping patterns
as well as physical and psychological health outcomes
[8-11]. However, there have been no trials of PCST
among individuals with SLE, who face a unique set of
disease-related challenges (i.e. recurring and remitting
symptoms, unpredictable disease course, wide range of
symptoms and complications) and are younger on aver-
age than many with other rheumatic conditions. Delivery
of PCST programs to patients with SLE could have a
positive impact on outcomes and quality of life, but this
evidence base needs to be established. A few small trials
have examined psychological interventions that incorp-
orate aspects of pain coping, showing positive impacts
on both psychological and physical health measures in
patients with SLE [12-16]. Although these studies show
promise for coping skills interventions as a component
of SLE care, most previously studied interventions in-
volve multiple in-person visits or group sessions, which
can limit reach and participation. There is a need for
coping skills interventions that are widely and easily ac-
cessible to patients with SLE. To address this important

gap, we conducted a pilot study of an automated, freely
available, internet based PCST program, painTRAINER,
which has been shown to improve multiple key out-
comes among patients with osteoarthritis [17]. Specific-
ally, we evaluated the feasibility and acceptability of
painTRAINER among patients with SLE and conducted
a preliminary assessment of efficacy. We chose to study
painTRAINER because pain is a commonly reported
symptom among individuals with SLE and because the
cognitive and behavioral coping skills included in this
intervention can apply to other symptoms and health-
related challenges.

Methods

Study design

We conducted a randomized pilot and feasibility study,
with equal allocation of patients to painTRAINER and a
wait list control group in which participants were offered
painTRAINER after completion of follow-up assess-
ments. Outcomes were assessed at baseline and 9-week
follow-up, similar to Rini et al. [17], as painTRAINER is
designed for delivery over 8 weeks. Baseline and follow-
up questionnaire data were collected via telephone by a
trained study team member; follow-up assessments were
conducted by blinded study team members only. Partici-
pants were paid $25 for completion of assessments at
each time point. Participants were permitted to continue
with all usual SLE care during study participation. The
study was approved the University of North Carolina at
Chapel Hill (UNC) Institutional Review Board. Methods
were carried out in accordance with relevant guidelines
and regulations.

Participants and enrollment

Participants were 60 patients age >18 with SLE from
UNC Health Care System. We used the UNC Carolina
Data Warehouse for Health (CDW-H) to identify poten-
tial participants using date of birth and ICD-10 codes
for SLE (M32.x), then conducted a brief chart review to
verify diagnosis of SLE. The Carolina Data Warehouse
for Health (CDW-H) is a central data repository con-
taining clinical, research, and administrative data
sourced from the UNC Health Care System. Both
current and legacy hospital systems are represented, with
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the ability to query most data elements as far back as
mid-2004; for this study, we identified patients with
codes for SLE from April 2018—April 2019.

Potentially eligible patients were mailed a recruitment
letter (including an opt-out telephone number), followed
by a telephone call about 1 week later to assess eligibility
and interest. Rheumatology providers could also refer
patients with SLE to the study team for screening. Dur-
ing the screening call, we assessed the patient’s internet
access and availability of a device on which they could
use painTRAINER (computer, tablet, smartphone); for
this study, patients were excluded if they could not ac-
cess painTRAINER to complete the intervention. Next,
participants were asked to rate their current, generalized
pain on a scale of 0—10; we required a score of at least 4
for study inclusion, similar to other studies [18, 19]. Ex-
clusion criteria, assessed from the medical record and
phone screening, included: significant memory loss, ac-
tive psychosis or substance abuse, neuropsychiatric SLE,
severe hearing impairment, inability to speak English,
pregnant or planning to become pregnant in the next 3
months, and current participation in another SLE-
related trial. After screening eligibility was determined,
participants provided verbal consent and HIPAA
authorization. Participants then completed baseline as-
sessments and were given their randomization assign-
ment, based on a computer-generated sequence
developed by the study statistician. All study data was
stored using Research Electronic Data Capture, or RED-
Cap, a secure web application that can be used to build
and manage case report forms, surveys and other data
capture mechanisms for clinical research [20].

PainTRAINER intervention

PainTRAINER is an eight-week, automated (i.e., self-
completed, without therapist involvement), internet-
based version of PCST [17]. The training it provides is
based on a therapist-delivered PCST program that has a
strong evidence base for improving coping efforts, pain
interference, and other pain-related outcomes in patients
with chronic pain-related conditions [8—11]. PainTRAI-
NER was rigorously designed to retain key therapeutic
features of therapist-delivered PCST, while presenting
training in an easy-to-use format that includes guided
feedback, interactive exercises and animated demonstra-
tions [18].

Following randomization, participants assigned to
painTRAINER were given a verbal overview of the pro-
gram and were sent, via email (or mailed a hard copy if
requested), instructions for accessing the program,
unique login information, and study team contact infor-
mation in case of questions or technical difficulties. Par-
ticipants were called about 1 week after these initial
instructions as a reminder to log into painTRAINER and
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check for any technical difficulties. After participants
begin the program, painTRAINER sends automated
email reminders to practice skills and complete modules.
(One person in this study chose not to provide a per-
sonal email, so the study team sent these reminders via
mail.) Participants were instructed to begin using pain-
TRAINER immediately and encouraged to complete all
modules before the 9-week follow-up assessment. Pain-
TRAINER includes eight modules to be completed at a
rate of one per week [17]; content is shown in Table 1.
Each module takes about 30—45 min to complete. Dur-
ing each module, a “virtual coach” greets participants
and provides verbal instructions about a specific coping
skill and practicing skills. Key points for each module
are also highlighted with on-screen text and / or graph-
ics, and the program helps participants develop coping
skills with interactive exercises that include guided prac-
tice and evaluating their experience with them. Modules
and features of painTRAINER are customized to partici-
pants using computer- algorithms based on their re-
sponses and progress through the program.

Measures

Feasibility and acceptability measures

Feasibility metrics included proportions of eligible and
enrolled patients, proportion of completed follow-up as-
sessments, reasons for ineligibility and dropout, and
number of participants accessing the painTRAINER pro-
gram. We also asked for participants’ feedback about the
intervention following completion. This feedback in-
cluded an overall rating of the helpfulness of painTRAI-
NER with respect to managing or coping with SLE
symptoms (0 =Not at all helpful to 10 = Very helpful),
ratings of the helpfulness of each coping skill addressed
(0=Not at all helpful to 10=Very helpful), and an
open-ended question asking participants for recommen-
dations for improving painTRAINER. We obtained data
from the painTRAINER program regarding modules
completed by each participant.

Efficacy measures

PROMIS pain interference instrument (form 6a) This
6-item, validated measure assesses self-reported consequences
of pain across aspects of life including social, cognitive, emo-
tional, physical and recreational activities [19]. Items are
scored on a Likert scale of 1 (not at all) to 5 (very much), with
higher scores indicating greater pain interference.

PROMIS-29 This 29-item scale covers 7 domains of
self-reported health: Depression, Anxiety, Physical Func-
tion, Pain Interference, Fatigue, Sleep Disturbance, and
Ability to Participate in Social Roles and Activities [21].
All items are scored using a 5-point Likert format, with
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Table 1 PainTRAINER Modules

# Coping Skill(s) Content

1 Progressive Muscle Relaxation « Introduce program and concept of pain coping skills

- Therapeutic rationale (how thoughts, feelings, and actions affect pain through pain

"gate”)

- Introduce progressive muscle relaxation

- Exercise: Provide opportunity to practice progressive muscle relaxation

« Help user identify positive aspects of experience to reinforce use of skill

« Help user identify and address barriers to use of skill

« Describe importance of regular practice and how to set up practice reminders
- Set practice goal

2 Mini Relaxation Practices

« Review progressive muscle relaxation and practices completed in prior week

« Introduce “mini-practices” (brief relaxation)

« Exercise: Provide an opportunity to do sitting and standing mini-practices
« Help user identify positive aspects of experience to reinforce use of skill

« Help user identify and address barriers to use of skill

« Describe how to set up practice reminders and set practice goal

3 Activity / Rest Cycling

« Review mini-practice and practices completed in prior week

« Introduce activity/rest cycling

- Exercise: Identify activities user tends to overdo

« Vicarious learning: Demonstrate how others have changed overdone activities
- Exercise: Create personal plan to use skill that fits personal activities and goals
« Discuss how other skills help with use of this one

- Set practice goals for this skill and review practice goals for other skills

4 Pleasant Activity Scheduling, Negative Automatic
Thoughts

Review activity/rest cycling and practices completed in prior week

« Introduce pleasant activity scheduling

- Exercise demonstrating how to select and add pleasant activities to routine
« Schedule 3 pleasant activities for week

Problem-solve barriers with interactive vicarious learning exercise

« Introduce concept of negative automatic thoughts
« Exercise demonstrating how to identify negative automatic thoughts
- Set practice goals for week and review practice goals for other skills

5 Negative Automatic Thoughts, Coping Thoughts

« Review pleasant activity scheduling and practices completed in prior week

« Continue lesson on automatic thoughts, then introduce concept of coping thoughts
- Exercise: Identifying negative thoughts and reactions to them

- Exercise: Creating coping thoughts to address negative thoughts

- Exercise: Identify and address circumstances that hinder use of skill

« Set practice goals for week and review practice goals for other skills

6 Pleasant Imagery and other Distraction Techniques

« Review coping thoughts and practices completed in prior week

- Introduce pleasant imagery and other distraction techniques

« Provide an opportunity to practice pleasant imagery and explore experience
« Exercise on identifying negative thoughts and reactions to them

« Set practice goals for week and review practice goals for other skills

7 Problem Solving

- Review pleasant imagery, distraction, and practices completed in prior week

« Introduce concept of problem solving

- Demonstrate problem solving, illustrated by stories told by other people

- Exercise: Select skills for different situations, with personal plan for overcoming barriers
- Set practice goals for week and review practice goals for other skills

8 Monitoring for Maintenance

« Review content of all modules

- Exercise: Evaluate skill use and helpfulness, including comparison with others’

experiences

- Exercise: Develop plan for maintaining use of skills
« Present rationale to motivate continued practice and skill development
« Review practice goals for skills

higher scores indicating more of that domain; therefore,
higher scores indicate a more positive outcome for Phys-
ical Function and Ability to Participate and a more nega-
tive outcome for the other domains.

Coping strategies questionnaire (secondary outcome)
This 48-item scale covers 7 domains: Catastrophizing,
Diverting Attention, Ignoring Sensations, Coping Self-

Statements, Reinterpreting Pain Sensations, Praying-
Hoping, Increasing Behavioral Activities [22, 23]. Con-
sistent with other studies [24, 25], we calculated a Cop-
ing Attempts Score, which summed all domains other
than Catastrophizing.

LupusPRO (secondary outcome) LupusPRO (v1.8) is a
43-item reliable, validated self-report measure including
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domains of Lupus Symptoms, Lupus Medication, Phys-
ical Health, Emotional Health, Pain, Sleep, Procreation,
Cognition, Body Image, Desires-Goals, Coping, Social
Support and Satisfaction with Care [26]. We assessed
separate domains, as well as health-related quality of life
and non-health-related quality of life subscales that com-
bined domains.

Demographic and clinical characteristics

We assessed self-reported age, sex, race / ethnicity,
household financial status (living comfortably or just
meeting basic expenses with a little left over for extras
vs. just meeting basic expenses or don’t have enough to
meet basic expenses), education level (no college vs at
least some college education), marital status (married or
living with a partner as married vs. other), work status
(working part or full time vs. other), children (and their
ages), body mass index, duration of SLE symptoms and
time since diagnosis, self-rated health, and comorbid ill-
nesses [27].

Statistical analysis

We calculated descriptive statistics for covariates and
measures at baseline, presenting continuous variables as
means and standard deviation (SD) and categorical vari-
ables as percentages. Feasibility and acceptability metrics
were assessed with simple descriptive statistics such as
proportions and means or medians with corresponding
distributions. Responses to open-ended questions re-
garding painTRAINER experiences and recommenda-
tions were compiled and grouped by theme. We
calculated means of all outcomes at both time points, as
well as mean changes and associated 95% confidence in-
tervals between baseline and follow-up for painTRAI-
NER and control groups. Because of the small sample
size, we did not conduct formal statistical testing. How-
ever, we calculated Cohen’s d effect sizes as a prelimin-
ary metric of efficacy. Analyses were conducted using
SAS statistical software version 9.4 (SAS Institute Inc.,
Cary, NQ).

Results

Participants, feasibility and acceptability metrics

We identified 592 potentially eligible patients from the
UNC electronic health record; 2 additional individuals
were referred by a health care provider and 1 self-
referred (Fig. 1). Of these 595, 87 screened eligible and
85 verbally consented to participate via telephone. Rea-
sons for ineligibility and refusal prior to screening are
shown in Fig. 1. Of the 85 who consented, 24 were lost
to follow-up and 1 withdrew prior to randomization,
leading to the final sample size of 60 participants.
Among the 60 participants randomized, 58 completed
follow-up assessments (29 in the painTRAINER group,
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29 in the Wait List control group). Characteristics of
study participants are shown in Table 2.

Among participants randomized to the painTRAINER
group, n =15 (50%) accessed the program (“painTRAI-
NER users”). Most of those who did not access the pro-
gram (n =9) stated they did not receive instructions via
email or did not know they were supposed to proceed
with accessing the program; 2 additional participants
stated that they had technical difficulties and could not
log on to the program. The median rating of helpfulness
of painTRAINER (on a scale of 0-10), from those who
used the program, was 8.0. Median ratings of the specific
modules ranged from 6.5 (Understanding Pain and Re-
laxation, Pleasant Activity Scheduling) to 8.0 (Activity /
Rest Cycle, Pleasant Imagery, Problem Solving, Looking
Back and Moving Forward).

Participants’ responses regarding feedback on pain-
TRAINER focused on two major areas. First, participants
consistently praised the convenience of the online for-
mat, that you can “do it on your own schedule” when
you “have time to focus” and that “you didn’t have to
drive” to do the program. Second, some participants
noted that it was difficult for them to relate to some as-
pects of painTRAINER. For example, one participant
stated that “some of the descriptions of pain were not
accurate” for people with lupus. Another participant
noted that their pain “has nothing to do with my
activities.”

Efficacy outcomes

Table 3 shows changes in all study outcomes (follow-
up minus baseline) for painTRAINER and wait list
groups. Because a substantial number of participants
did not log into the program, we also present data
specifically for the painTRAINER users. PainTRAI-
NER users had a small decrease in mean Pain Cata-
strophizing score, while participants in the other
groups (e.g., full painTRAINER group and wait list
group) had increases in mean Pain Catastrophizing
scores; the effect size for painTRAINER users, relative
to the Wait List group was — 0.60. Participants in the
full painTRAINER group had greater improvement in
PROMIS Pain Interference than the wait list group,
with painTRAINER users having the greatest im-
provement (effect size —0.30 compared with the Wait
List group). All groups had decreases in PROMIS
Physical Function scores. The full painTRAINER
group had greater improvements in PROMIS Depres-
sion scores than the Wait List Group (effect size = -
0.34). PainTRAINER users also had more favorable
responses than the Wait List group with respect to
PROMIS sleep disturbance, anxiety, fatigue and the
LuposPRO Health-Related Quality of Life Score.
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UNC Medical Records
n =592
Self Referral (SR) n=1
Provider Referral (PR)n =2

!

Refusal reasons:
e Notinterested n =85
e Too busy/notime n=23
e Moving outofarea n=1
e Tooill/poorhealth n=8
e Caring for ill family membern=1
e Unknownn=0
e Othern=10

Letter not yet sentn =0
e Failed MR screen n =170
e Pending MR screenn =0
Letter sent n =422
o Ineligible Per Screener n = 30
e Not yet screened n =35 ®
Bad contact info n=3
No Englishn=1
Abandon efforts n = 130
Refused n = 138
o Active n =128
o Passive n =10
e Screened eligible n = 85
Referrals (SRand PR)n =3
e Notyetscreenedn=1
e Screened eligiblen =2

Ineligible reasons:
e No computer/internet access n = 6
e Pregnant or planningtobe n=0
e Pain<=3 n=24
Participating in other studies
related to Lupus n=0
e Other health conditionsn=0

!

Screened Eligible
(incl. SR)
Total n =87

Refused n=2

v

Pending Enrollmentn=0

Enrolled (Consented)
Total n = 85 Pending HIPAA returned n =0
Pending baseline assessment
v completed n=0
Randomized Lost to follow-up n = 24
Total n = 60 Withdrewn=1
| !
PainCOACH Waitlist
Total n =30 Totaln =30
Droppedn=0
v v Withdrewn =0
9w Follow Up Completed Lost to follow up n =2

Total n =58

Fig. 1 PainTRAINER consort flowchart
A

Discussion

In this pilot study, we found preliminary support that
painTRAINER may improve key outcomes, including
pain catastrophizing, pain interference, and depressive
symptoms, among individuals with SLE who use the pro-
gram. These are encouraging results given the low cost
of disseminating this type of automated, internet-based
intervention and the potential for widespread use. How-
ever, the study also revealed some challenges with study

recruitment, as well as engaging patients in use of the
painTRAINER program, which will need to be addressed
in future research.

Regarding study recruitment, among patients to whom
we mailed recruitment letters (n =422), about 64% ei-
ther did not respond to our recruitment calls or declined
participation (Fig. 1). This proportion is similar to other
studies [24, 28, 29]. However, we believe there are add-
itional recruitment strategies that could improve
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Table 2 Participant Characteristics
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Wait List painTRAINER painTRAINER Users
(N =30) (N =30) (N=15)
Mean Age (SD) 47 (12) 51 (14) 51 (14)
Mean # of Children (SD) 14 (1.1) 16 (14) 1.5 (1.6)
Mean Age of Children (SD) 22 (10) 32 (10) 29 (10)
Mean Yrs w/ Lupus (SD) 14 (11) 16 (16) 17 21)
% With Self-Reported Excellent, Very Good or Good Health 37% 37% 40%
Mean # of Comorbidities 34 (25) 33(2.2) 3.0 (24)
% Female 93% 97% 100%
% Caucasian 37% 33% 33%
% With Some College Education 87% 77% 80%
% Married / Living with Partner 50% 40% 40%
% With “Adequate” Income 83% 72% 80%
% Working 37% 23% 23%

recruitment in a future study. In this preliminary study
we proactively reached out to patients with SLE in one
health care system. This type of recruitment strategy can
lead to a more generalizable study sample compared
with studies that rely only on self-referral. However, self-
referral recruitment strategies offer the advantage of
reaching individuals who are particularly interested in
the intervention and therefore more likely to participate
in the study and engage with the program. In a future
study, we plan to continue a proactive recruitment strat-
egy but also utilize multiple strategies (e.g. advertise-
ments, social media) to encourage self-referrals to the
study. Motivational interviewing and other orientation
strategies may also help to foster engagement among
those recruited [30, 31].

Among patients we contacted who did not enter the
study, the primary reason was that people were not in-
terested or too busy; this reinforces the notion that add-
ing efforts to increase self-referrals may be helpful in a
future study. Some participants (n =24) were ineligible
due to low pain levels. We included this criterion be-
cause of painTRAINER’s focus on pain. However, we
recognize there are other symptoms and health chal-
lenges commonly faced by patients with SLE that pain-
TRAINER could address, outside of pain. In a future
study, we plan to modify the program so it addresses a
broader set of challenges; inclusion criteria would be
modified accordingly. Modifying the program will also
allow us to address participant feedback that the current
version of the program was not always optimally relevant

Table 3 Mean Changes (SD), Follow-up minus Baseline, and Effect Sizes Compared to Wait List

Wait List painTRAINER (N =30) painTRAINER Users

(N =30) (N =15)

l(\geDz-)m Mean (SD) Change Effect Size Mean (SD) Change Effect Size

Change
Pain Catastrophizing® 36 (6.5) 23 (9.6) -0.16 —-09 (89 -060
PROMIS Pain Interference® —1.7 (790) -26 (66) -0.12 -39 (6.5) —-0.30
PROMIS Physical Function® -06 (7.0 -384.1) -0.56 —4.0 (44) -055
PROMIS Participation® 0.5 (6.8) 0.7 (6.5) 0.03 0.8 (7.4) 0.05
PROMIS Sleep Disturbance® 04 (93 0.6 (94) 0.02 -2.1(78) -0.28
PROMIS Anxietyb 04 (11.2) 14 (9.3) 0.09 —-0.7 (8.1) -0.11
PROMIS Depressionb —-06 (9.0) —34 (86) -032 -4.1(5.2) - 044
PROMIS Fatigue® -35(7.0) -22(82) 0.17 -5.1(6.2) -0.23
LupusPRO Health-Related Quality of Life Score® 14 (12.0) 20 (13.3) 0.04 49 (11.1) 0.30
LupusPRO Non-Health-Related Quality of Life Score® 3.7 (134) 39(133) 0.02 3.1 (14.7) -0.04

Positive score indicates improvement
bNegative score indicates improvement

“Includes physical health, pain, symptoms, cognition, medications and procreation

9dIncludes satisfaction with care, coping, desires-goals, and social support
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to the type of pain and other symptoms they experi-
enced. There were also some individuals (#z = 6) who did
not have internet access and therefore could not partici-
pate. Potential solutions to address this issue include
modifying the program so that it is easily accessible via
phone and providing participants with internet access
and/or mobile devices to use painTRAINER. We also
note that study participants had, on average, a relatively
long duration of SLE (about 15 years), and the average
age was about 45 years. This may impact generalizability
of findings. In addition, individuals with longer-standing
disease may have more established cognitive behavioral
patterns that are more difficult to change; additional ef-
forts are needed to understand how we can more effect-
ively reach individuals with this type of the program
earlier in the disease course.

The proportion of participants who completed follow-
up assessments was high (97%) and similar to other
studies in this area, which have ranged from 90 to 96%
[24, 28]. However, a key issue in this study was that only
16 of the 30 individuals in the painTRAINER group
accessed the program. This level of engagement is lower
than in prior studies [17, 24, 28]. Among participants
who did not access painTRAINER, 7 said they did not
receive an email with instructions for accessing the pro-
gram, 4 stated they did not know they were supposed to
access the program, and 2 had technical difficulties. Al-
though we had a process for calling participants within
about a week of sending the email to ensure they re-
ceived the information and could access the painTRAI-
NER program, we were unable to reach some patients
via phone. It is possible that some participants indicated
they had not received the information (or did not know
they were supposed to access the program) due to “so-
cial desirability” — e.g., not wanting to tell a study team
member that they chose not to access the program or
were not interested. This possibility further stresses the
importance of employing strategies to reach out to pa-
tients who are most interested in and perceive a need
for this type of program to help them with managing
their SLE symptoms. However, in a future study we will
utilize a range of methods, based on participants’ com-
munication preferences (e.g., text, mail, hone, email) to
ensure patients receive instructions for accessing pain-
TRAINER. We believe a process in which individuals
can provide consent, complete baseline measures, and
begin accessing the program all within the same plat-
form will facilitate program engagement, as well as re-
cruitment. We also acknowledge that the low level of
engagement may signal that changes are needed to make
painTRAINER content of greater interest to patients
with SLE.

Ratings of the helpfulness of painTRAINER were rela-
tively high (8.0 on a scale of 0-10), which suggests that
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users found the program beneficial. This rating was the
same as reported in our recent study of a telephone-
based, counselor-delivered pain coping skills training
intervention for African Americans with osteoarthritis
[32]. We believe the helpfulness of the program can be
increased by expanding it to include other symptoms
and challenges common among individuals with SLE.
Participants’ responses to open-ended feedback ques-
tions suggested that this was a primary concern.

Overall, this preliminary study provides support for
the efficacy of painTRAINER among patients with SLE.
Pain catastrophizing, as well as PROMIS pain interfer-
ence, sleep disturbance, fatigue anxiety, and depression
all improved more in painTRAINER users compared to
the wait list group, with the largest improvements being
in Pain Catastrophizing (- 0.60 effect size). This is im-
portant given the negative impacts of pain catastrophiz-
ing on a variety of health-related outcomes among
patients with SLE and other rheumatic conditions [4,
33-35]. It is interesting that the painTRAINER group
had greater improvements in the LupusPRO health-
related mean quality of life score compared with the wait
list group, while there was not a substantial between-
group differences in the non-health related mean quality
of life score. These two composite scores are a mix of
domains, and it is possible that painTRAINER differen-
tially impacted some of the individual domains within
the composite scores. However, the individual domains
have limited numbers of items and scale ranges, and
with the small sample size in this study, it was not feas-
ible to compare groups on the individual domains.

There were several limitations to the study. Because
this was a small pilot study, generalizability may be lim-
ited. Along with this, participants were selected from
one academic medical center. A future trial would in-
clude a larger sample recruited from a broader range of
settings and data sources. The duration of follow-up as-
sessment was limited to 9 weeks, immediately following
completion of the intervention period. Although this is
reasonable for a preliminary study, a larger study will
need to examine longer term outcomes. Finally, since
painTRAINER is available as a free program to the pub-
lic, it is possible that individuals in the control group uti-
lized the program during their study period. However,
we believe this is relatively unlikely since this program
has not been widely publicized in the U.S., and we did
not provide information on the program to Wait List
participants until after their follow-up assessments were
completed.

Conclusions

In summary, this study provided a valuable preliminary
assessment of painTRAINER among patients with SLE.
We have identified several important considerations for
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a future, larger effectiveness trial. First, since painTRAI-
NER was not developed specifically for patients with
SLE, we need to tailor the program for this patient
group, addressing key issues including SLE-specific pain
symptoms, fatigue, treatment related challenges, comor-
bidities, and work and caregiving related limitations.
Our next step to address this is to work with patient
stakeholders to develop strategies for incorporating SLE-
related content into painTRAINER. Second, as noted
above, we need to develop broader recruitment strat-
egies, potentially including multiple clinical sites, SLE
registries, advocacy organizations, and social media.
Third, a potential strategy to foster engagement with the
intervention is to include a “real time” virtual compo-
nent involving peer groups and / or a trained facilitator.
Although the convenience of the online painTRAINER
format was very appealing to participants in this study,
adding the support and accountability of participating in
the program alongside others may boost engagement
and efficacy. Therefore, our study team and patient
stakeholders will consider potential real-time delivery
strategies within the study design.

Acknowledgements

The authors wish to thank all the participants in the painTRAINER study. All
views expressed are those of the authors, and do not reflect the official
policy or views of the University of North Carolina. The painTRAINER
program was first developed by Drs. Christine Rini and Francis Keefe with
funding by the National Institute of Arthritis and Musculoskeletal and Skin
Diseases (Grant Number ROTAR057346). It was subsequently updated (version
used in this study) by researchers at the Centre for Health, Exercise and
Sports Medicine, Department of Physiotherapy, University of Melbourne,
Australia (led by Professors Kim Bennell and Rana Hinman, in collaboration
with Drs. Christine Rini and Francis Keefe), with funding from the National
Health and Medical Research Council Centre of Research Excellence in
Translational Research in Musculoskeletal Pain, Australia (Grant Number
1079078) and the John Theurer Cancer Center of Hackensack University
Medical Center (New Jersey, US.A)

Authors’ contributions

KDA, CR, FJF, and SZS contributed to the study design and protocol. TB, RJC,
KG, KH, DGH, AS, SSB, and JW contributed to data collection, processing and
analysis. CR, FJK, and KLB developed the intervention. All authors (KDA, TB,
CR, FJK, KLB, RJC, KG, KH, DGH, AS, SSB, JW and SZS) were involved in data
interpretation, as well as drafting the manuscript or revising it critically for
important intellectual content. All authors reviewed and approved the final
manuscript and agree to be accountable for the work.

Funding

This study was supported by pilot funds from the Fund for Excellence in
Lupus & Sjogren’s at the UNC Thurston Arthritis Research Center. The funders
did not have a role in the analysis of data or interpretation of results. Kim
Bennell is supported by a National Health and Medical Research Council
Investigator Grant (#1174431). Kelli Allen and Rebecca Cleveland receive
support from the National Institute of Arthritis and Musculoskeletal and Skin
Diseases Core Center for Clinical Research at the University of North Carolina,
Chapel Hill (P30AR072580). KDA receives support from a VA Health Services
Research and Development Research Career Scientist Award (19-332) and
the Center of Innovation to Accelerate Discovery and Practice
Transformation (ADAPT) (CIN 13-410) at the Durham VA Health Care System.
Data Informatics (COW-H and REDCap) is supported by he NIH National
Center for Advancing Translational Sciences (NCATS) (#UL1TR002489 and
#UL1TR0O01111). The content is solely the responsibility of the authors and
does not necessarily represent the official views of the NIH.

Page 9 of 10

Availability of data and materials

The full data sets generated during the current study are not publicly
available because they include personally identifiable data from study
participants. However, deidentified data are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was reviewed and approved by the Institutional Review Board of
the University of North Carolina at Chapel Hill. All participants provided
written informed consent and HIPAA authorization.

Consent for publication
N/A

Competing interests
Dr. Sheikh has served as a consultant on an advisory board for GSK and has
grant support from Pfizer. The authors have no other conflicts to report.

Author details

'Department of Medicine, Division of Rheumatology, Allergy and
Immunology, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA.
Thurston Arthritis Research Center, School of Medicine, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA. 3Center of Innovation to
Accelerate Discovery and Practice Transformation, Department of Veterans
Affairs Health Care Center, Durham, NC, USA. “Medical College of Georgia,
Augusta, GA, USA. *Department of Medical Social Sciences, Feinberg School
of Medicine, Northwestern University, Chicago, IL, USA. ®Robert H. Lurie
Comprehensive Cancer Center, Northwestern University, Chicago, IL, USA.
’Department of Psychiatry and Behavioral Sciences, Duke University School
of Medicine, Durham, NC, USA. ®Centre for Health, Exercise, and Sports
Medicine, Department of Physiotherapy, University of Melbourne, Melbourne,
VIC, Australia.

Received: 23 December 2020 Accepted: 23 March 2021
Published online: 17 June 2021

References

1. Morgan M, Bland AR, Maker C, Dunnage J, Bruce IN. Individuals living with
lupus: findings from the LUPUS UK Members Survey 2014. Lupus. 2018;
27(4):681-7.

2. Kaul A, Gordon C, Crow MK, Touma Z, Urowitz MB, van Vollenhoven R, et al.
Systemic lupus erythematosus. Nat Rev Dis Primers. 2016;2(1):16039. https.//
doi.org/10.1038/nrdp.2016.39.

3. Fischin J, Chehab G, Richter JG, Fischer-Betz R, Winkler-Rohlfing B, Willers R,
et al. Factors associated with pain coping and catastrophising in patients
with systemic lupus erythematosus: a cross-sectional study of the Lula-
cohort. Lupus Sci Med. 2015;2(1):2000113. https://doi.org/10.1136/lupus-201
5-000113.

4. Somers TJ, Kurakula PC, Criscione-Schreiber L, Keefe FJ, Clowse ME. Self-
efficacy and pain catastrophizing in systemic lupus erythematosus:
relationship to pain, stiffness, fatigue, and psychological distress. Arthritis
Care Res. 2012;64(9):1334-40. https://doi.org/10.1002/acr.21686.

5. Bricou O, Taieb O, Baubet T, Gal B, Guillevin L, Moro MR. Stress and coping
strategies in systemic lupus erythematosus: a review.
Neuroimmunomodulation. 2006;13(5-6):283-93. https://doi.org/10.1159/0001
04856.

6. Rinaldi S, Ghisi M, laccarino L, Zampieri S, Ghirardello A, Sarzi-Puttini P, et al.
Influence of coping skills on health-related quality of life in patients with
systemic lupus erythematosus. Arthritis Rheum. 2006;55(3):427-33. https//
doi.org/10.1002/art.21993.

7. Hyphantis T, Palieraki K, Voulgari PV, Tsifetaki N, Drosos AA. Coping with
health-stressors and defence styles associated with health-related quality of
life in patients with systemic lupus erythematosus. Lupus. 2011;20(9):893-
903. https://doi.org/10.1177/0961203311398264.

8. Dixon KE, Keefe FJ, Scipio CD, Perri LM, Abernethy AP. Psychological
interventions for arthritis pain mangement in adults: a meta-analysis. Health
Psychol. 2007,26(3):241-50. https://doi.org/10.1037/0278-6133.26.3.241.

9. Keefe FJ, Caldwell D, Williams DA, Gil KM, Mitchell D, Robertson C, et al. Pain
coping skills training in the management of osteoarthritic knee pain-II:


https://doi.org/10.1038/nrdp.2016.39
https://doi.org/10.1038/nrdp.2016.39
https://doi.org/10.1136/lupus-2015-000113
https://doi.org/10.1136/lupus-2015-000113
https://doi.org/10.1002/acr.21686
https://doi.org/10.1159/000104856
https://doi.org/10.1159/000104856
https://doi.org/10.1002/art.21993
https://doi.org/10.1002/art.21993
https://doi.org/10.1177/0961203311398264
https://doi.org/10.1037/0278-6133.26.3.241

Allen et al. BMC Rheumatology

20.

21.

22.

23.

24.

25.

26.

(2021) 5:20

follow-up results. Behav Ther. 1990;21(4):435-47. https://doi.org/10.1016/
S0005-7894(05)80357-0.

Somers TJ, Blumenthal JA, Guilak F, Kraus VB, Schmitt DO, Babyak MA, et al.
Pain coping skills training and lifestyle behavioral weight management in
patients with knee osteoarthritis: a randomized controlled study. Pain. 2012;
153(6):1199-209. https://doi.org/10.1016/j.pain.2012.02.023.

Broderick JE, Keefe FJ, Bruckenthal P, Junghaenel DU, Schneider S, Schwartz
JE, et al. Nurse practitioners can effectively deliver pain coping skills training
to osteoarthritis patients with chronic pain: a randomized, controlled trial.
Pain. 2014;155(9):1743-54. https://doi.org/10.1016/j.pain.2014.05.024.

Brown RT, Shaftman SR, Tilley BC, Anthony KK, Kral MC, Maxson B, et al. The
health education for lupus study: a randomized controlled cognitive-
behavioral intervention targeting psychosocial adjustment and quality of life
in adolescent females with systemic lupus erythematosus. Am J Med Sci.
2012,344(4):274-82. https;//doi.org/10.1097/MAJ.0b013e3182449be9.

Haupt M, Millen S, Janner M, Falagan D, Fischer-Betz R, Schneider M.
Improvement of coping abilities in patients with systemic lupus
erythematosus: a prospective study. Ann Rheum Dis. 2005,64(11):1618-23.
https://doi.org/10.1136/ard.2004.029926.

Navarrete-Navarrete N, Peralta-Ramirez MI, Sabio-Sanchez JM, Coin MA,
Robles-Ortega H, Hidalgo-Tenorio C, et al. Efficacy of cognitive behavioural
therapy for the treatment of chronic stress in patients with lupus
erythematosus: a randomized controlled trial. Psychother Psychosom. 2010;
79(2):107-15. https://doi.org/10.1159/000276370.

Greco CM, Rudy TE, Manzi S. Effects of a stress-reduction program on
psychological function, pain, and physical function of systemic lupus
erythematosus patients: a randomized controlled trial. Arthritis Rheum. 2004;
51(4):625-34. https://doi.org/10.1002/art.20533.

Karlson EW, Liang MH, Eaton H, Huang J, Fitzgerald L, Rogers MP, et al. A
randomized clinical trial of a psychoeducational intervention to improve
outcomes in systemic lupus erythematosus. Arthritis Rheum. 2004;50(6):
1832-41. https://doi.org/10.1002/art.20279.

Rini C, Porter LS, Somers TJ, McKee DC, DeVellis RF, Smith M, et al.
Automated internet-based pain coping skills training to manage
osteoarthritis pain: a randomized controlled trial. Pain. 2015;156(5):837-48.
https://doi.org/10.1097/j.pain.0000000000000121.

Rini C, Porter LS, Somers TJ, McKee DC, Keefe FJ. Retaining critical
therapeutic elements of behavioral interventions translated for delivery via
the internet: recommendations and an example using pain coping skills
training. J Med Internet Res. 2014;16(12):e245. https://doi.org/10.2196/jmir.33
74,

Amtmann D, Cook KF, Jensen MP, Chen WH, Choi S, Revicki D, et al.
Development of a PROMIS item bank to measure pain interference. Pain.
2010;150(1):173-82. https://doi.org/10.1016/j.pain.2010.04.025.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009;42(2):377-81. https://doi.org/10.1016/},jbi.2008.08.010.
Katz P, Pedro S, Michaud K. Performance of the patient-reported outcomes
measurement information system 29-item profile in rheumatoid arthritis,
osteoarthritis, fibromyalgia, and systemic lupus Erythematosus. Arthritis Care
Res. 2017;69(9):1312-21. https.//doi.org/10.1002/acr.23183.

Rosenstiel AK, Keefe FJ. The use of coping strategies in chronic low back
pain patients: relationship of patient characteristics and current adjustment.
Pain. 1983;17(1):33-44. https.//doi.org/10.1016/0304-3959(83)90125-2.

Hastie BA, Riley JL, Fillingim RB. Ethnic differences in pain coping: factor
structure of the coping strategies questionnaire and coping strategies
questionnaire-revised. J Pain. 2004;5(6):304-16. https;//doi.org/10.1016/jpa
in.2004.05.004.

Bennell KL, Nelligan R, Dobson F, Rini C, Keefe F, Kasza J, et al. Effectiveness
of an internet-delivered exercise and pain-coping skills training intervention
for persons with chronic knee pain: a randomized trial. Ann Intern Med.
2017;166(7):453-62. https://doi.org/10.7326/M16-1714.

Keefe FJ, Caldwell DS, Baucom D, Salley A, Robinson E, Timmons K; et al.
Spouse-assisted coping skills training in the management of osteoarthritic
knee pain. Arthritis Care Res. 1996,9(4):279-91. https://doi.org/10.1002/1529-
0131(199608)9:4<279:AID-ANR1790090413>3.0.CO;2-6.

Azizoddin DR, Weinberg S, Gandhi N, Arora S, Block JA, Sequeria W, et al.
Validation of the LupusPRO version 1.8: an update to a disease-specific
patient-reported outcome tool for systemic lupus erythematosus. Lupus.
2018;27(5):728-37.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 10 of 10

Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The self-administered
comorbidity questionnaire: a new method to assess comorbidity for clinical
and health services research. Arthritis Rheum. 2003;49(2):156-63. https://doi.
0rg/10.1002/art.10993.

Bennell KL, Nelligan RK, Rini C, Keefe FJ, Kasza J, French S, et al. Effects of
internet-based pain coping skills training before home exercise for
individuals with hip osteoarthritis (HOPE trial): a randomised controlled trial.
Pain. 2018;159(9):1833-42. https://doi.org/10.1097/j.pain.0000000000001281.
Allen KD, Somers TJ, Campbell LC, Arbeeva L, Coffman CJ, Cene CW, et al.
Pain coping skills training for African Americans with osteoarthritis: results of
a randomized controlled trial. Pain. 2019;160(6):1297-307. https://doi.org/1
0.1097/}.pain.0000000000001525.

Mayhew M, Leo MC, Vollmer WM, DeBar LL, Kiernan M. Interactive group-
based orientation sessions: a method to improve adherence and retention
in pragmatic clinical trials. Contemp Clin Trials Commun. 2020;17:100527.
https://doi.org/10.1016/j.conctc.2020.100527.

Goldberg JH, Kiernan M. Innovative techniques to address retention in a
behavioral weight-loss trial. Health Educ Res. 2005;20(4):439-47. https.//doi.
0rg/10.1093/her/cyg139.

Dharmasri CJ, Griesemer 1J, Arbeeva L, Campell LC, Cene CW, Coffman CJ,
et al. Acceptability of telephone-based pain coping skills training among
African Americans with osteoarthritis enrolled in a randomized controlled
trial: a mixed methods analysis. BMC Musculoskeletal Disorders. 2020,21(1):
545.

Somers TJ, Keefe FJ, Pells JJ, Dixon KE, Waters SJ, Riordan PA, et al. Pain
catastarophizing and pain-related fear in osteoarthritis patients: relationships
to pain and disability. J Pain Symptom Manag. 2009;37(5):863-72. https://
doi.org/10.1016/jjpainsymman.2008.05.009.

Somers TJ, Keefe FJ, Carson JW, Pells JJ, Lacaille L. Pain catastrophizing in
borderline morbidly obese and morbidly obese individuals with
osteoarthritic knee pain. Pain Res Manag. 2008;13(5):401-6. https://doi.org/1
0.1155/2008/652453.

Edwards RR, Cahalan C, Mensing G, Smith M, Haythornthwaite JA. Pain,
catastrophizing, and depression in the rheumatic diseases. Nat Rev
Rheumatol. 2011;7(4):216-24. https://doi.org/10.1038/nrrheum.2011.2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1016/S0005-7894(05)80357-0
https://doi.org/10.1016/S0005-7894(05)80357-0
https://doi.org/10.1016/j.pain.2012.02.023
https://doi.org/10.1016/j.pain.2014.05.024
https://doi.org/10.1097/MAJ.0b013e3182449be9
https://doi.org/10.1136/ard.2004.029926
https://doi.org/10.1159/000276370
https://doi.org/10.1002/art.20533
https://doi.org/10.1002/art.20279
https://doi.org/10.1097/j.pain.0000000000000121
https://doi.org/10.2196/jmir.3374
https://doi.org/10.2196/jmir.3374
https://doi.org/10.1016/j.pain.2010.04.025
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1002/acr.23183
https://doi.org/10.1016/0304-3959(83)90125-2
https://doi.org/10.1016/j.jpain.2004.05.004
https://doi.org/10.1016/j.jpain.2004.05.004
https://doi.org/10.7326/M16-1714
https://doi.org/10.1097/j.pain.0000000000001525
https://doi.org/10.1016/j.conctc.2020.100527
https://doi.org/10.1093/her/cyg139
https://doi.org/10.1093/her/cyg139
https://doi.org/10.1016/j.jpainsymman.2008.05.009
https://doi.org/10.1016/j.jpainsymman.2008.05.009
https://doi.org/10.1155/2008/652453
https://doi.org/10.1155/2008/652453
https://doi.org/10.1038/nrrheum.2011.2

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Participants and enrollment
	PainTRAINER intervention
	Measures
	Feasibility and acceptability measures
	Efficacy measures
	Demographic and clinical characteristics

	Statistical analysis

	Results
	Participants, feasibility and acceptability metrics
	Efficacy outcomes

	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

