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Abstract

The aim of the current research was to assess amhtth online intervention ‘Living with
pain online’ based on acceptance and commitmemgplge(ACT) and mindfulness was
effective in reducing interference of pain in ddife. We additionally investigated whether
psychological inflexibility and the degree of mintifess mediated and gender and education
moderated the intervention response and how thessilpje mediators and moderators
influenced each other.

A randomized controlled trial with pretest- posttdssign and three parallel groups
was adopted. A total of 162 chronic pain patiedsgleted the interventions and were
included in the study. The experimental group nemgithe web-based intervention ‘Living
with pain online’, the active treatment control gporeceived a minimal online intervention
based on ‘Expressive Writing’, and the waiting legintrol group received no treatment.
Participants completed measures before and akeintarventions to assess pain interference
in daily life, psychological inflexibility and thdegree of mindfulness.

The experimental group showed significantly higdecrements in pain interference
and psychological inflexibility. Psychological ieRibility, but not mindfulness, showed a
significant mediating effect of the interventiorspense. Education and gender showed no
significant moderating effects independent of thedmtion. Education, but not gender,
moderated the mediating effect of psychologicdekibility on pain interference, where no
significant mediating effect of psychological infibility could be detected for low educated
participants.

The web-based ‘Living with pain online’ interventiavas shown to be an effective
method for the treatment of chronic pain conditi@msl worked as intended by reducing
psychological inflexibility. The intervention respge could be improved through tailoring the

intervention to the needs of low educated partitipa
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Introduction

TheImplications of Chronic Pain

Chronic pain is a major health care problem witbalor implications ranging from individual
impairments to economic consequences. A total &6 »® European adults were shown to be
affected by moderate to severe intensities of dbrpain. Those affected individuals were
seriously impaired in the quality of their dailytiagies and social as well as working lives
(Breivik, Collett, Ventafridda, Cohen, & Gallach&006). The reduced ability to work and
the increasing use of medical services have fuithgtications for the economy of society.
The total costs of back pain alone in the Netheldaglecreased since 2002 but still amounted
€3.5 billion in 2007 and the majority of these sostere due to production losses and costs
related to society on account of morbidity and midst (Lambeek et al., 2011). Although the
costs of back pain decreased, the economic bumlsoaety is still substantially high.
Moreover chronic pain was shown to be associatetth warious psychological
impairments. An association between chronic pamdittons and alcohol, anxiety and mood
disorders was indicated, showing a greater frequeh@sychological interferences among
persons with chronic back or neck pain (Demyttemaetr al., 2007). Additionally high
comorbidity of chronic pain conditions with depriessand other psychological disorders
were found (Miller & Cano, 2009). These findingdainally stress the impact of chronic
pain and indicate that effective and cost efficiér®tatment is needed to overcome the
negative implications of chronic pain for the afeatindividuals as well as for the economy

of society.



Effectiveness of Acceptance and Mindfulness Based Approachesto Chronic Pain

Behavior therapy oriented approaches based on tarwepand mindfulness were shown to be
effective in the treatment of chronic pain condiso Acceptance strategies improved
functioning and life satisfaction in people withrahic pain (Wicksell, Ahlqvist, Bring,
Melin, & Olsson). Reasonable responses of chroram ppatients to acceptance-based
therapies and small to moderate effect sizes for pdensity, depression, anxiety, physical
wellbeing, and quality of life were found by a metzalysis including 22 controlled as well as
non-controlled studies (Veehof, Oskam, Schreurs,B&himeijer 2011). Additionally,
significant improvements on depression and paiingat of chronic pain patients after
attending a mindfulness based stress reductionrgamodVIBSR) (Kabat-Zinn, 1982) were
indicated (Baer, 2003). Dr. Jon Kabat-Zinn devetbopBSR as a group program containing
various exercises which were designed to give @pénts experiences of mindfulness by
means of yoga, meditation and relaxation-technigabat-Zinn, 1982).

The data on the model of psychopathology and tresttranderlying acceptance and
commitment therapy (ACT) is promising so far, bhere are still not enough controlled
studies to infer that ACT is more effective thamesttreatment approaches across a wide
range of examined problems (Hayes, Luoma, Bondub&as& Lillis, 2006). The number of
randomized controlled trials (RCTs) in the fieldA®ET and mindfulness approaches for the
treatment of chronic pain is limited and little keown about the underlying mechanisms
(Veehof et al., 2011; Shapiro, Carlson, Astin, &&aman, 2006).

The ACT and mindfulness based intervention utilizethe current research is based
on the self-help book ‘Living with pain’ (Veehof,utsbergen, Bohlmeijer, & Schreurs, 2010)
The ‘Living with pain’ book is intended for peophath chronic pain conditions and is based

on the information and exercises from the self-Hmpk ‘Living to the full’ (Bohimeijer &



Hulsbergen, 2008). Veehof et al. (2010) createdoalne intervention for chronic pain
conditions based on their self-help book whichapldyed in the current research.

A recent research showed an intervention basedhersdlf-help book ‘Living to the
full’ (Bohimeijer & Hulsbergen, 2008), where pargiants received this guided ACT self-help
intervention by regular mail, to be effective irdueing depressive symptoms, anxiety and
fatigue and also to improve positive mental healtheople with mild to moderate depressive
symptomatology even with minimal email support bgainselor (Fledderus, Bohlmeijer,
Pieterse, & Schreurs, 2012). Another guided intededévered ACT intervention for chronic
pain patients was shown to be effective in increasactivity engagement and pain
willingness and decreasing pain-related distrassiety and depressive symptoms (Buhrman
et al., 2013). Web-based ACT interventions seefet@ffective in the treatment of chronic
pain conditions on a variety of outcome measureas therefore could be cost effective
interventions as a complement or even an altemdtv costly chronic pain rehabilitation
with the potential to reach more individuals (Arsl®m, 2009; Hedman et al., 2011).
However, little research is done in the field oflim@ ACT and mindfulness self-help
interventions for chronic pain conditions. The emtrstudy examines the effects of an online
intervention based on ACT and mindfulness desigoethe treatment of chronic pain with a
control group and a comparison group with anotlegva treatment condition.

The utilized active control treatment in this stusgalso delivered online and is based
on ‘Expressive Writing’ (EW) (Pennebaker, 1997)eTpresumed mechanism of EW is that
writing can help to give a stressful event meanjRgnnebaker, 1997) and can foster the
acceptance of stressful events (Pennebaker, 1808)e area of psychological quality of life
and psychological problems, moderate positive &ffe¢ EW were found (Pennebaker &
Chung, 2007). The aim of the online EW intervent®that participants receive an active but

minimal treatment.



CorePrinciples of Acceptance and Mindfulness Based Approaches

Acceptance and commitment therapy (ACT) is an aecee-based intervention that uses
negative thoughts associated with pain as targetexXposure rather than trying to change
their content (Hayes, Strosahl, & Wilson, 1999). TA@cuses on improving psychological
flexibility through clarifying values and commitgnto these values in daily life (Dahl,
Wilson, & Nilsson, 2004). Psychological flexibilityescribes the ability to change or persist
in behavior when this behavior profits valued eadd to stay more fully and consciously in
contact with the present moment. To reach psychmbdlexibility one has to create space
for appreciated values in daily life despite negatxperiences. Therefore acceptance of the
pain is encouraged as a method of promoting vabassd action (Hayes et al., 1999).

One strategy in ACT is to obtain mindfulness. Atlieig to the present moment and
the inner and/ or outer experiences in a non-judigahevay is a core principal of mindfulness
(Kabat-Zinn et al., 1992). The essence of mindfsgnis to focus attention on a sensation in a
detached manner rather than escaping the unpleasg@etrience of pain by means of
distraction (Kabat-Zinn, 1982). The central ideanohdfulness is learning to orient attention
flexibly towards a stimulus and attending to thi@nalus in a neutral way. The ability to be
mindful has two functions. First, it can functios @ reinforcement. By allocating attention to
a variety of sensations, one can realize that thezestill pleasant experiences in daily life.
For example, consciously attending to the sensaifoeating could make you realize that
your food tastes good and that you actually enjoyfhe second function of mindfulness is
the awareness of automatic behavior. Rather theapey) the unpleasant experience of pain
by automatically avoiding it, mindfulness fosterscdsing attention to this experience.
Through that a more conscious decision for valuesed behavior can be made instead of

automatically avoiding unpleasant sensations.



As suggested by Veehof et al. (2011) the curramdysuses interference of pain in
daily life as outcome measure for the acceptansedatervention in chronic pain patients.
These researchers reasoned that, while pain ihtemas the most used outcome measure in
studies on acceptance based interventions for chp@in conditions, the reduction of pain
intensity not to be the main focus of acceptancethapproaches. Instead participants learn
to accept the pain as part of their daily lives méet go of control strategies (Veehof et al.,

2011).

M ediators and Moderators

The objective of this study is not only to examimeether the utilized online intervention is
effective, but also to investigate how and for whitve web-based ACT intervention works in
terms of mediators and moderators. Examining hawltlving with pain online’ intervention
works in terms of mediators of intervention resggngermits to draw conclusions about
underlying mechanisms or to make the interventiasrencost-effective or efficacious by
adding, removing or strengthening certain eleméktaemer, Wilson, Fairburn, & Agras,
2002). Gathering information about moderators ¢érvention response allows conclusions
about who does and who does not respond to thevamton, therefore facilitating the
improvement of treatment outcomes by a possiblecimaif the treatment to patient
characteristics and optimally targeting the intatien (Kraemer et al., 2002).

The applied online intervention in this study issé& on ACT and mindfulness,
therefore the core concepts of these approaches pveposed as possible mediators. If the
intervention works as intended, the decrease in ipéerference should be due to increases in
psychological flexibility and/ or the degree of miinlness. Psychological flexibility (i.e.,
acceptance of present experiences and value-basdealibr) was shown to mediate the

effects of the ‘Living to the Full’ intervention bad on ACT and mindfulness on positive



mental health (Bohlmeijer & Hulsbergen, 2008; Fled$, Bohlmeijer, Smit, & Westerhof
2010). However, to our knowledge, no other resebeshinvestigated mediating effects of an
online ACT and mindfulness based intervention omogit pain patients with pain
interference as outcome.

Turner, Holtzmana, and Mancl (2007) pointed out thatients with chronic pain
conditions vary in their responses to treatment, &l little is known about patient
characteristics that moderate intervention effestgorrelational study by Miller and Cano
(2009) pointed out that certain demographic growjiks chronic pain conditions, especially
women and less educated individuals, may in pdatideenefit from early treatments and that
access to care should therefore be improved faetidividuals. Although these conclusions
were based on a correlational study rather thamdenation study, we nevertheless examine
how gender and education could moderate interviemgsponses. We hypothesize that there
are differences in intervention responses between and women and/ or high and low

educated participants.

Beyond a Separate Mediation and Moderation Analysis

To fully comprehend the complexity of an interventive need a more elaborate framework
than a sheer moderation or mediation analysis. kéwde and mediator variables can
influence each other and thereby give an intridatpression of the complexity of an
intervention and its mechanisms that can not bepgi by isolated moderator or mediator
analyses (Muller, Judd, & Yzerbyt, 2005).

This paper goes beyond a pure moderation and anpedétion analysis, and applies
a regression-based path-analytic framework sugdeste Hayes (2013) to combine
moderation and mediation, thereby allowing condnsi about possible influences of

moderators and mediators on each other. His frameimoludes both mediated moderation,



in which a mediator variable transmits a moderatfigct (Baron & Kenny, 1986), and
moderated mediation, where a mediated effect isemaweld by some variable (Baron &
Kenny, 1986). However, Hayes (2013) argues thatiaed moderation hypotheses should be
avoided, because the focus of these analyses iseghmation of the product of the
independent variable and a moderator variablesimge this product has no meaning and no
substantive interpretation, the analysis of mediateoderation hypotheses would be
meaningless and uninteresting. This study therefm@ises on moderated mediation
processes and examines how the mediating effegisyahological inflexibility and/ or the
degree of mindfulness could be influenced by thedenating effects of gender and/ or
education.

Moreover Hayes’ (2013) framework overcomes problemits current methods for
combining moderation and mediation. Most reseaschélize approaches that use the causal
steps procedure to assess mediation when combmedjation and moderation (Baron &
Kenny, 1986). However, the causal steps proceda® slhown to have several limitations,
such as low power, Type | error, not addressingpsgsion effects and whether the indirect
effect is significantly different from zero (Colén Graham, & Flaherty, 1998; MacKinnon,
Lockwood, Hoffman, West & Sheets, 2002; Shrout &d&o, 2002; Hayes, 2009; Zhao,
Lynch, & Chen, 2010), which are inherited by apptas that use this method to combine
mediation and moderation (Edwards & Lambert, 206gyes, 2013). The proposed
framework overcomes various problems by integratimgderated regression analysis and
path analysis and by showing how paths that canstthese effects vary across levels of the
moderator variable (Hayes, 2013).

In conclusion the aim of the current study is teess whether the online intervention
‘Living with pain online’ based on ACT and mindfass is effective in reducing interference

of pain in daily life and whether psychologicallexibility and/ or the degree of mindfulness



mediate and gender and/ or education moderatentbeséntion response and whether these
possible mediators and moderators in the next pidlteence each other.

We examine four hypotheses in the current studye fitst hypothesis is that the
participants who took part in the online ACT intemtion would show significantly higher
decrements in pain interferences as well as psggiaal inflexibility and higher increments
in mindfulness after the intervention as comparedihe participants in the online EW
intervention and the waiting list. The second higsis is that the intervention response
would be mediated by psychological inflexibilityddror the degree of mindfulness. The third
hypothesis states that the intervention responsédvoe moderated by education and/ or
gender. The fourth hypothesis states that the rwedi@and moderator variables would
influence each other in terms of a moderated miediagffect. So it could be that the
mediating effect of psychological inflexibility ahar mindfulness could depend on the
participants’ level of education and/ or genderd #mereby be moderated. This would mean
that there are differences in intervention respsriieough underlying mechanisms between

male and female and/ or high and low educatedqiaatnts.



Methods

Participants

In February and March 2012, participants were iemiuthrough advertisements in Dutch
newspapers, magazines and via frequently attertttedic pain websites.

Inclusion criteria were an age of 18 years or gldeself-reported duration of chronic
pain for longer than six months and a pain intgnstiore of 3 or higher on a Pain Intensity
Numeric Rating Scale (Pain NRS) (McCaffery & Beeb@93) for 3 or more days within a 7
day period, measured during the baseline perisdratning.

Exclusion criteria were reading problems due taiffirsient Dutch language skills or
literacy, having no internet access at home, hanmmg-mail address, not having enough time
to follow the intervention, already receiving psgldgical treatment, having extremely low
scores on psychological inflexibility and severgqgbsatric problems. The cut-off score for
psychological inflexibility was 26.4 points repratiag 2 or more standard deviations below
the mean of a population of chronic pain patiemtsai pain rehabilitation center on the
Psychological inflexibility in Pain Scale (PIPS) igksell, Lekander, Sorjonen, & Olsson,
2010). People with severe anxiety and/ or depressiymptomatology [more than one
standard deviation above the mean of a populatiorchoonic pain patients in a pain
rehabilitation center on the Hospital Anxiety andpbession Scale (HADS) (Spinhoven et al.,
1997)] were excluded because severe distress weqgldre more intensive treatment.

For further diagnostics the remaining participamisre screened with a Web
Screening Questionnaire (WSQ) (Donker, van Stratarks, & Cuijpers, 2009). Because the
WSQ was shown to yield high numbers of false passti(Donker et al., 2009), participants
who responded positively to the WSQ were telephareti additionally underwent the Mini

International Neuropsychiatric Interview (MINI) (&han et al. 1998). Participants whom the
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MINI diagnosed as having a severe psychologicairder were excluded from the current

study and advised to see their general practitioner

Procedure

Initially 269 people applied to take part in thesearch, obtained information and signed an
informed consent form. After submission of writteriormed consent, participants filled in
the PIPS, HADS and the WSQ online. Based on th&usiman and exclusion criteria as
described above 31 people were excluded. On acobuneir scores on the HADS 15 people
were excluded. The other 16 people were excludeduse they reported a pain duration of
less than 6 months (n=2), had a pain intensityesob or higher for less than 3 days ina 7
day period (n=2), attended another psychologiedtinent (n=3), had not enough time to
follow the intervention (n=1), had reading problefns-2), or did not fill in the baseline
questionnaires (n=6) (see Figure 1).

The remaining 238 participants were randomly asgigno one of the three
experimental conditions. Eighty-two participants reveassigned to the web-based ACT
intervention group and 54 (66%) of them completeel intervention and filled in the post
treatment questionnaires. Seventy-nine participaete assigned to the EW active treatment
control group and 46 (58%) completed the intenamtand filled in the post treatment
questionnaires. Seventy-seven participants werigrass to the waiting list (WL) and 62
(81%) responded to the post treatment questiormairberefore the data of 162 (68%)
participants was used for the data analysis.

An overview of the participants’ characteristicssigown in Table 1. Their mean age
was 54 years (ranging from 20 to 84 years) andhhprity was female (76.5%). A total of
19.8% had a low education, 69.1% had a middle dnucand 11.1% of the participants were

high educated.

10



Aszsessed for eligibility (n=269)

Excluded (n=31)
HADS>24 (n=13)
Pain < 6 months (n=2)
Other treatmernt (n=3)
Mot enough time (n=1)
Beading problems (n=2)
Pain<3 days/ week (n=2)
Mo baszeline measire (n=6)

W

L

Fandomized (n=238)

ACT EW WL
(Expenmental condition) {Expressive writing) (Waiting list)
n=_£21 n=70 =77
Completed T1 (n=82) Completed T1 (n=79) Completed T1 (n=77)
Completed T2 (n=34) Completed T2 (n=46) Completed T2 (n=62)
\|/ ¥ I
Analyzed (n=34) Analyzed (n=46) Analyzed (n=62)

Figure 1 Participant flow. ACT, web-based intervention gpovho received the intervention ‘Living
with pain online’; EW, expressive writing activeeitment control group; WL, waiting list control
group; T1, baseline measurement; T2, post-interment
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Characteristic ACT (n=54) EW (n=46) WL (n=62)
Gendern

Female 41 37 46

Male 13 9 16
Educationn

High 7 5 6

Middle 38 33 41

Low 9 8 15

Mean age, years$0D) 55.20 (11.91) 53.33(11.39) 54.0 (11.50)

Duration of complaints)

6 months-1 year 4 5 3
1-2 years 8 2 6
2-5 years 10 8 12
<5 years 32 31 41
Diagnosisn
No diagnosis 7 6 13
Back pain 8 7 11
Fibro 7 11 9
Joint pain 7 4 6
Rheumatic complaint 3 6 6
Neuropathic pain 6 3 5
Other 16 9 12

Table 1. Characteristics of participants. ACT, web-baseceriregntion group who received the
intervention ‘Living with pain online’; EW, exprese writing active treatment control group; WL,
waiting list control group.
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Experimental Design

A randomized controlled trial with pretest- postteéesign and three parallel groups was
chosen for the current research. After entry indineent study, participants were screened for
inclusion and exclusion criteria and filled in th@seline questionnaires. Thereafter the
participants were randomly assigned to one of tmeet experimental groups. In the
experimental condition participants received thebAbased intervention ‘Living with pain
online’ based on ACT and mindfulness (ACT grouf)eTecond group received a minimal
online intervention based on ‘Expressive Writin§eqnebaker, 1997) and represented the
active treatment control condition (EW group). Ttierd group received no treatment
throughout the duration of the study and constitutee waiting list control condition (WL
group). After the last measurement the waitingdmsttrol group received the opportunity to
follow the web-based intervention ‘Living with paamline’.

Twelve weeks after the start of the interventioh pérticipants filled in the
questionnaires for the second time. All questiorezaere administered online so that both
the intervention and the questionnaires could bekedb through in the participants’ home

environment.

I nter ventions

Two interventions were included in the current aesbk. ‘Living with pain online’ is in
accordance with the self-help book ‘Living with pa{Veehof et al., 2010) and the web-
based intervention ‘Living to the full’ (Bohimeije& Hulsbergen, 2008). The ‘Living with
pain online’ intervention is based on ACT and muidéss and consists of 9 modules, which
can be worked through in 9 to 12 weeks.

The first module mainly consists of psycho-educatabout pain and information

about the goals of the intervention. Module 1 asquaints participants with mindfulness

13



exercises, which are central to all modules ofitiervention. Participants are encouraged to
practice mindfulness on a daily basis. In modulep&ticipants learn about experiential

avoidance and its aversive effects. Modules 3 amirdduce values and offer exercises to
allow participants gaining insight into their pemsb values and how they could apply these
values in their daily life. In module 5, particiganalign the sights on the possibility of

accepting their pain condition. Modules 6 and Voiditice the concepts cognitive defusion and
self-as-context. Here participants practice to gace unhelpful thoughts about their pain

condition and learn the difference between the inglgsubjective and the objective self.

Module 8 takes the environment of the affected geligto account. Module 9 concentrates
on prevention of relapse and on the applicationfasimulated goals and values in the

participants’ daily life.

During this intervention participants received wgekeedback on exercises and
personal problems from a counselor through e-riitough this feedback adherence to the
intervention was promoted and participants who kgesl serious problems could be
recognized and advised to find help. Counseling been carried out by master students
Psychology of the University of Twente under theeswision of a health psychologist. The
role of the counselors was the support and guidahdke intervention process (Cuijpers &
Schuurmans, 2007).

Participants in the active treatment control groeqeived the web-based intervention
‘Expressive Writing' (EW) (Pennebaker, 1997). Thgsoup wrote approximately 15-30
minutes on a daily or regular basis about negativetions experienced during the day.
Participants in this group received weekly feedblglke-mail from a counselor in the same

way as did the participants of the web-based AGariention.
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M easures

The current study used interference of pain inydéife as outcome measure for the
acceptance based intervention in chronic pain pigtielhe subscale pain interference of the
Multidimensional Pain Inventory (MPI) (Kerns, Turg, Rudy, 1985) was used to measure
the interference of pain in daily life. This subgceonsists of 9 items which can be answered
on a 7-point Likert scale where higher scores iatgicmore pain interference with work,
homework chores and social activities in daily.lifeusberg et al. (1999) translated the MPI
into Dutch and validated it soundly. In our samilfle MPI subscale showed high internal
consistency (Cronbachis= 0.864 at baseline).

Process measures included assessments of psydabltigkibility and the degree of
mindfulness. Psychological flexibility was operaigdized by measuring psychological
inflexibility (Wicksell, Lekander, Sorjonen, & Olssp2010). Here psychologicaiflexibility
was viewed as opposite of psychological flexibibtyd conceptualized in terms of avoidance
and cognitive fusion related to pain. Psychologictéxibility was measured by means of the
Psychological Inflexibility in Pain Scale (PIPS) i8ksell et al., 2010). The PIPS consists of
12 items with two subscales measuring cognitivéofug4 items) and avoidance (8 items).
Each item had to be scored on a 7-point Likertesgdhere higher scores indicate greater
psychological inflexibility. Trompetter et al. (smitted) showed the Dutch version to have
acceptable to good model fit, good internal coesises as well as good construct validity.
The PIPS showed high internal consistency in oorpda as well (Cronbach’'es= 0.876 at
baseline).

The Five Facet Mindfulness Questionnaire (FFMQ)egBet al., 2008) measures the
degree of mindfulness. Bohlmeijer et al. (2011)ngtated the FFMQ into Dutch and
constructed a short form (FFMQ-SF), which we usedhe current study. The FFMQ-SF

guestionnaire measures the five facets of mindédnebserving (8 items), describing (8

15



items), acting with awareness (8 items), non-jugd@Bitems) and non-reactivity (7 items) on

a 5-point Likert scale where some scores had teebersed because of negative formulated
items. The total score of the FFMQ-SF ranges fraimd120 where higher scores indicate
higher degrees of mindfulness. Bohimeijer et &1 showed the Dutch FFMQ-SF to have
good model fit and reliability. In our sample thENFQ-SF showed high internal consistency

(Cronbach’su= 0.789 at baseline).

Data Analysis

The statistical analysis was performed using SR&8s{on 21.0; 2012, SPSS Inc.). The data
was analyzed using the completers only approaanghly exclusively selecting the data of
those who completed the intervention and filledthe post-treatment questionnaires. Chi-
square tests and one way analyses of variance (A @KRowed no significant differences in
gender, education, duration of complaints, diag)ogain interference, psychological
inflexibility and mindfulness between completers=162) and non-completers (n=76) at
baseline. However, there was a significant diffeeein age (F(1,237)=6.983, p=0.009),
indicating that completerdf=54.21,SD=11.56) were significantly older than non-complster
(M=49.72,SD=13.50). Additional chi-square tests and one wayOMAs for the data of
completers only showed no significant differenae$ackground variables and outcome as
well as process measures between the three expesimgroups, indicating that the
randomization was successful.

To test the first hypothesis, whether the ‘Livinghwpain online’ intervention (ACT)
group showed significantly higher decrements impaterference as well as psychological
inflexibility and higher increments in mindfulness compared to the expressive writing
intervention (EW) group and the waiting list (WLjogp, we applied three repeated measures

ANOVAs with the within subject factor measuremepteftest/ post-test) and the between
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subject factor group (ACT/ EW/ WL) for the outcomeasure pain interference (MPI) as
well as the two process measures psychologicaxifflity (PIPS) and mindfulness (FFMQ-
SF).

To test the mediation and moderation related hygssh we used PROCESS (Version
2.04 for SPSS) created by Hayes (2013). This isnapatational tool for path analysis-based
moderation and mediation analysis as well as tinédgration. Using ordinary least squares
(OLS) regression, PROCESS estimates various mediaind moderation models, provides
direct, indirect and total effects as well as staddegression statistics. Prior to analysis we
computed difference scores of all three measurd?l,(MIPS, FFMQ-SF) by subtracting the
scores of the first measurement from the scoréseo§econd measurement. These difference
scores were used for further analysis of the miesiatnd moderation related hypotheses (see
Table 2 for descriptive statistics of the differerscores).

To test the second hypothesis, that the intervensponse would be mediated by
psychological inflexibility and/ or the degree ofimtfulness, we estimated Hayes’ (2013)
parallel multiple mediator model, displayed in FigR, for the experimental conditions with
three comparisons. We compared the mediating sffgficpsychological inflexibility and the
degree of mindfulness between the ACT and EW, t6d And WL as well as the EW and
WL group to see whether these mediators are spdoifithe ACT group. We tested model 4
in PROCESS (Hayes, 2013) three times with the mliffee scores of the MPI as outcome
variable, the experimental condition (ACT/ EW, ACWL and EW/ WL) as independent
variable and the difference scores of the PIPS FREIQ-SF as mediator variables. Bias
corrected bootstrap confidence intervals of 10.806tstrap samples were drawn to estimate
the direct and indirect effects. On account of findings of the parallel multiple mediator
analyses, we excluded mindfulness as mediatingmariand the data of the EW group from
further analysis and focused on a simple mediatmodel with only psychological

inflexibility as mediator variable (see Figure 3).
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To test the third and fourth hypotheses, whethercation and/ or gender serve as
moderators and how these moderating effects coofldience the mediating effect of
psychological inflexibility, we first integrated edation and second gender as moderators to
the simple mediation model. Here education or gemgze included as moderators of each
path, therefore representing the total effect matitan model (Edwards & Lambert, 2007), as
displayed in Figure 4. We tested this model twoesmcomparing the ACT and WL group
with psychological inflexibility as mediator variband first with education and second with
gender as moderator variable.

The third hypothesis was examined through estirgative moderation of the direct
effect of the total effect moderation model. Here tested the conditional direct effect, where
the direct effect was dependent (or conditional)tiom levels of first education and second
gender. The fourth hypothesis was tested by exagimoderation of the mediating effect.
Here we estimated the conditional indirect effedtere the indirect effect of psychological
inflexibility was dependent (or conditional) on tlexels of first education and second gender.

We tested model 59 in PROCESS with the differermmees of the MPI as outcome
variable, the experimental condition (ACT/ WL) aweépendent variable, the difference
scores of the PIPS as mediator variable, and it education as moderator variable and
second with gender as moderator variable. Basetb®bias corrected bootstrap confidence
intervals of 10.000 bootstrap samples we estimtétedtonditional direct and indirect effects

of the two total effect moderation models.
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M

Psvchological
inflexibility
X Y
Experimental condition = Pain interference
M:
Mindfulness

Figure 2.A conceptual diagram of the parallel multiple méalianodel. In this diagram X represents
the independent variable (here the experimentatiiions), Y the dependent variable (here pain
interference in daily life), and Mind M, represent the mediator variables (psychologicaéxitfility
and mindfulness, respectively)

M
Psvchological
inflexibility
X Y
Experimental condition = Pain interference

(ACT/ WL)

Figure 3. A conceptual diagram of the simple mediation mottelthis diagram X represents the
independent variable (ACT, web-based interventimug who received the intervention ‘Living with
pain online’; WL, waiting list control group), Y ¢éhdependent variable (pain interference in daily
life), and Mrepresents the mediator variable (psychologicxitfility).
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Figure 4.Conceptual diagram of the total effect moderatimdel with the experimental conditions
as independent variable (X), psychological inflékipas mediator variable (M), pain interference a
outcome variable (Y) and education or gender asematdr variables (W).
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Results

Effectiveness of the I nterventions

Descriptive statistics of the scores between theetlgroups are shown in Table 2. The
repeated measures ANOVA for pain interference sceh®wed a significant main effect of
the factor measurement (F(1, 159)=6.655, p=0.0hdjcating a significant difference in
scores between the two measurements. Additionafligrificant interaction effect between
the factors measurement and group was detected($92=5.175, p=0.007) pointing out that
there were significant differences in changes arex between the three groups. Post hoc
comparisons revealed that only the ACT group showedignificant main effect of
measurements (F(1,53)=16.921, p<0.001) indicatingsignificant decrement in pain
interference scores of 4 points at the second me@asunt (see Table 2). The EW group as
well as the WL group did not show any significardgimeffects of measurement.

The repeated measures ANOVA for psychological xiffidity scores showed a
significant main effect of the factor measuremdi(tiL( 159)=130.233, p<0.001) indicating a
significant difference in scores between the twoasseements. Additionally a significant
interaction effect between the factors measuremamdd group was detected (F(2,
159)=10.822, p<0.001) pointing out that there wsignificant differences in changes of
scores between the three groups. Post hoc comparnisgealed that all three group showed a
significant main effect of measurements (ACT:. F8);752.183, p<0.001; EW:
F(1,45)=30.782, p<0.001; WL: F(1,61)=25.725, p<@)ihdicating a significant decrement
in psychological inflexibility in all groups at treecond measurement, where the ACT group
showed the highest decrement with approximatelgdifts (see Table 2).

The repeated measures ANOVA for mindfulness scehesved a significant main

effect of the factor measurement (F(1, 159)=58.2650.001) indicating a significant
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difference in scores between the two measuremmiotsignificant interaction effect between
the factors measurement and group was detectedtaiimd) that there were no significant
differences in changes of scores between the tmagps. These findings are represented in

Figure 5.

Y M M>
Pain interference Psychological inflexibility Mindfulness
Ts Tz T Ty Ts Tz T Ty LK T2 Ty

ACT Mean 31.648 27.389 -4.259 55.167 39.833 -15.333 81.796 87.593 5.796
SD 10.040 10.342 7.609 12.665 11.438 13.262 8.638 9.152 ©6.764

EW Mean 30.739 31.500 0.761 54.565 45.326 -9.239 82.435 88.609 6.174
SD 9.427 11.380 8.982 11.002 12.702 11.294 8.612 8.070 9.824

WL Mean 33.403 32.081 -1.323 54.694 48.984 -5.710 79.968 83.629 3.661
SD 10.497 11.492 7.186 11.872 12.847 8.864 11.589 11.798 9.106

Total Mean 32.062 30.352 -1.710 54.815 44.895 -9.920 81.278 86.364 5.086
SD 10.051 11.221 8.072 11.836 12.875 11.837 9.864 10.166 8.645

Table 2.Descriptive statistics of scores in the three expental conditions. The means and standard
deviations of the three groups are displayed atlles(T,), after the interventions ¢Yand as difference
scores (}-T;). ACT, web-based intervention group who receivled intervention ‘Living with pain
online’; EW, expressive writing active treatmenhtol group; WL, waiting list control group.

' Negative difference scores in pain interferencegssty lower pain interference scores at the second
measurement and therefore a decrease in pain dréaede. Negative difference scores in psychological
inflexibility suggest lower psychological inflexiily scores at the second measurement, thus a rdeotein
psychological inflexibility. Positive difference @es in mindfulness suggest higher mindfulnessescat the
second measurement, hence an increase in mindfulnes
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Figure 5.Intervention responses in the three groups. Sameglisplayed for the expressive writing
active treatment control group (EW), the ‘Livingtivipain online’ intervention group (ACT) and the
waiting list control group (WL) before (pre-testhch after (post-test) the interventions. Pain
interference scores are shown in the upper pasgthplogical inflexibility scores are shown in the
lower left panel and mindfulness scores are shaowthe lower right panel.
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Mediation of Psychological I nflexibility and Mindfulness

Since the three comparisons of the parallel m@tipkediator models showed no significant
indirect effects of mindfulness as mediator, thasiable was excluded from further analysis
because it was no addition to the model. MoreaoWer,comparison of the EW with the WL
group showed no significant indirect effects, swgigg that the mediating effects were
specific for the ACT group. The EW group therefevas of no further relevance for our
hypotheses and we excluded the data of the EW dgroap additional analysis and focused
on the comparison of the ACT and WL group in fasba concise report of the findings and
interpretation of the results. The complete dieew indirect effects (Table Al) of the parallel
multiple mediator model for all three comparisonnadl as the statistical models (Figure Al)
and according tables (Table A2 to A4) can be foundAppendix A of this paper.
Consequently we further reported the results ofingple mediation model (displayed in
Figure 3) with psychological inflexibility as medta and the ACT and WL groups as
experimental conditions.

The estimation of the simple mediation model conmgathe ACT to the WL group
showed no significant direct effect (see path ¢oeffitc’ in Figure 6 and Table 3), indicating
that there was no influence of the experimentabld@mn on pain interference independent of
the mediator psychological inflexibility.

Consistent with our prediction, the experimentaidibon (ACT/ WL) was negatively
related to psychological inflexibility (see pathefficient a in Figure 6 and Table 3),
suggesting that participants in the ACT group shiblesver psychological inflexibility than
those assigned to the waiting list. Additionallgyphological inflexibility positively predicted
pain interference while controlling for the expeental condition (see path coefficiemtin
Figure 6 and Table 3), meaning that those parttgpavho showed higher psychological

inflexibility also showed higher pain interference.
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Most pertinent to the mediation hypothesis wasdbémation of the indirect effect
(axb) of psychological inflexibility on pain interferea. Accordant with our hypothesis, there
was evidence of a significant indirect effect opesmental condition on pain interference
through psychological inflexibility gxb=-2.839, bootstrap confidence interval: -4.642 to -
1.455), meaning that psychological inflexibilitydeed functioned as a mediator of the

intervention response.
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A= -0 G14%* Psvchological
' inflexibility
X ~ Y
-
c’=-0.098
ACT/'WL Pain interference

Figure 6. Statistical diagram of the simple mediation modekhe comparison between the ACT
(‘Living with pain online’ intervention) and the W({waiting list) group.

* significant ata=0.05
** gignificant ata=0.01

Consequent

M Y
(psychological inflexibility) (pain interference)

Antecedent Coeff. SE p t Coeff. SE p t

X (ACT/WL) a -9.624 2.071 <0.001 -4.646 c -0.098 1.349 0.943 -0.072

M b 0295 0.056 <0.001 5.275

(psychological
inflexibility)

Constant m -5710 1413 <0.001 -4.040 y 0.362 0902 0.689 0.401

R?=0.159 R?=0.229
F(1, 114)=21.589, p<0.001 F(2, 112)=16.730, p<0.001

Table 3.Regression coefficient€oeff), standard errorsSg), and model summary information of the
simple mediation model depicted in Figure 5 for ¢benparison between the ACT (‘Living with pain

online’ intervention) and the WL (waiting list) grp.
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M oder ation of Education and Gender

M oderation of Education

The estimation of the total effect moderation moc®inparing the ACT group to the WL
group with education as moderator variable showex direct effect of the experimental
condition on pain interference, when holding psyobizal inflexibility constant, to be
independent of education (see pAW->Y with coefficientc’s inFigure 7 panel A and Table

4 upper section). Also, the conditional direct effe’;+c’3W) of the experimental condition
on pain interference was not significant at anyelexf education. These results suggest, that
there was no effect of the experimental conditionpain interference independent of the
mediator psychological inflexibility at any levef @ducation. Hence, education did not
moderate the effect of the intervention on pairrigrence independent of the mediation of

psychological inflexibility.

M oderation of Gender

The estimation of the total effect moderation moc®inparing the ACT group to the WL
group with gender as moderator variable showedlitext effect of experimental condition
on pain interference, when holding psychologicélexibility constant, to be independent of
gender (see patkW->Y with coefficientc’s in Figure 7 panel B and Table 4 lower section).
Accordingly, the conditional direct effect’(+c’3W) of the experimental condition on pain
interference was not significant for all participgrHence, there seemed to be no effect of the
experimental condition on pain interference indejeen of psychological inflexibility at any
level of gender. Thus, gender did not moderate dfiect of the intervention on pain

interference independent of the mediation of pshagical inflexibility.

27



M oder ation of the M ediation

Moderation of the Mediation by Education

Investigating possible moderation of the mediataifiect of psychological inflexibility by
education, we detected no significant moderatiothefeffect of experimental condition on
psychological inflexibility (see patiW->M with coefficientas in Figure 7 panel A and Table
4 upper section), meaning that the effect of thpeerental condition on psychological
inflexibility was independent of education. Alshete was no significant moderation effect of
education on the effect of psychological inflexilgilon pain interference (see path MWW
with coefficientb, in Figure 7 panel A and Table 4 upper sectiorgicating that the effect of
psychological inflexibility on pain interference svalso independent of the education of
participants. Because these paths did not shogn#isant moderating effect of educatica (
andby), this indicated that the mediation would be iretegent of the levels of education.
However, taking a closer look at Figure 8 (panell&ft) it seems that there were
differences in psychological inflexibility scorestiwveen the levels of education. For example
it appears that middle and high educated partitgpam the ACT group showed higher
decrements in psychological inflexibility after tmtervention than middle and high educated
participants in the WL group. Moreover taking thpad psychological inflexibility scores at
the two measurement points into consideration,eéns that middle and high educated
participants in the ACT group had considerably Iowsychological inflexibility after the
intervention as compared to middle and high eddcaiticipants in the WL group (see
Table B1 in Appendix B). That is why we additioyaktstimated the conditional indirect
effect (@+asW)x(b;+b,W)) of the experimental condition on pain interfexenthrough
psychological inflexibility to further investigaterhether the mediation of psychological
inflexibility was moderated by education. The basrected bootstrap confidence intervals

indeed showed the conditional indirect effect to densistently negative for middle
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((ag+asx0)(b1+b,x0)=-2.978, bootstrap confidence interval: -4.924 -1.535) and high
educated participantsafftaszx1)(b;+b,x1)=-5.945, bootstrap confidence interval: -11.109
1.578), but not to be significant for low educaftticipants. These results suggest, that,
except for low educated participants, the ACT grdig show statistically significant lower
psychological inflexibility difference scores, tleérre a significantly higher decrement, than
the WL group (see Figure 8, panel A, left and Tdlan Appendix B).

Thus, the indirect effect of the experimental ctindi on pain interference through
psychological inflexibility was negative, except @mg low educated participants, where no
significant indirect effect could be detected. Gangently, comparing the ACT with the WL
group, the mediating effect of psychological inflekty appeared to be moderated by

education.

Moderation of the Mediation by Gender

Investigating possible moderation of the mediataifiect of psychological inflexibility by
gender, we detected no significant moderation ef ¢ffect of experimental condition on
psychological inflexibility (see patKW->M with coefficientag in Figure 7 panel B and Table
4 lower section), meaning that the effect of expental condition on psychological
inflexibility was independent of gender. Also, thavas no significant moderation of gender
on the effect of psychological inflexibility on maiinterference (see patW-=Y with
coefficientb, in Figure 7 panel B and Table 4 lower sectiondligating that the effect of
psychological inflexibility on pain interference svandependent of the gender of participants,
thus suggesting that gender did not function ascaerator of the mediating effect of
psychological inflexibility.

Accordingly, the conditional indirect effectagfasW)x(b;+b,W)) of the experimental
condition on pain interference through psychologictexibility was shown to be significant

for men as well as women. The bootstrap confidemesvals showed the conditional indirect
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effect to be consistently negative for all partenips (women: & +asx0)(b;+b,x0)=-3.124,
bootstrap confidence interval: -5.363 to -1.482nm@;+asx1)(b;+b,x1)=-2.303, bootstrap
confidence interval: -56.075to -0.415), suggestimat the ACT group showed significantly
lower psychological inflexibility difference scorawerefore a significantly higher decrement,
than the WL group (see Figure 8, panel B, leftkiig the apart psychological inflexibility
scores at the two measurement points into congiderahis means that male and female
participants in the ACT group had significantly kempsychological inflexibility scores after
the intervention as compared to male and femalécpgeants in the WL group (see Table B1
in Appendix B).

Hence, the indirect effect of the experimental ¢oowl on pain interference through
psychological inflexibility was negative among pérticipants. Consequently, comparing the
ACT with the WL group, psychological inflexibilitfunctioned as a mediator for all

participants and this mediation did not appeardonoderated by gender.
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Figure 7.Statistical diagrams of the total effect modematiwodels comparing the ACT (‘Living with
pain online’ intervention) to the WL (waiting lisgroup with psychological inflexibility as mediator
and education (panel A) and gender (panel B) asnatar variables.

* significant ato=0.05

** gignificant ata=0.01
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Education

Consequent
M Y
(psychological inflexibility) (pain interference)
Antecedent Coeff. SE p t Coeff. SE p t
X (ACT/WL) & -10.096 2.109 <0.001 -4.787 ,c’ 0.065 1.387 0.963 0.047
M _ _ _ _ h 0.295 0.056 <0.001 5.241
(psychological
inflexibility)
MxW _ _ _ _ b 0.112 0.095 0.241 1.180
W (education) a 2.824 2512 0.263 1.124 ,c' 1.126 1549 0.469 0.727
XxW a -4.498 3.756 0.234 -1.198 ¢’ 2661 2491 0.288 1.068
Constant i -5.300 1.462 <0.001 -3.626 i 0.331 0928 0.722 0.357
R’=0.171 R’=0.250
F(3, 112)=7.714, p<0.001 F(5, 110)=7.342, p<0.001
Gender
Consequent
M Y
(psychological inflexibility) (pain interference)
Antecedent Coeff. SE p t Coeff. SE p t
X (ACT/WL) a&a -10.377 2.401 <0.001 -4.322 1€ 0.134 1563 0.932 0.086
M _ _ _ _ h 0.301 0.061 <0.001 4.960
(psychological
inflexibility)
MxW _ _ _ _ b 0.007 0.162 0.966 0.043
W (gender) a -3.171 3.244 0.331 -0.977 oC' 2541 2302 0.272 1.104
XxW a 2901 4.815 0.548 0.603 €’ -0.490 3.146 0.877 -0.156
Constant i -4.891 1.648 0.004 -2.968 21-0.245 1.026 0.812 -0.239
R’=0.166 R?=0.246

F(3, 112)=7.451, p<0.001

F(5, 110)=7.158, p<0.001

Table 4.Regression coefficient€oeff), standard errorsSg), and model summary information of the
total effect moderation model depicted in Figur®r7/the comparison between the ACT (‘Living with
pain online’ intervention) and the WL (waiting Jisiroup with first education (upper section of this
table) and second with gender (lower section af téible) as moderator variables.
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Figure 8. A visual representation of the moderating effedteducation (panel A) and gender (panel
B) when comparing the ACT (‘Living with pain onlinentervention) with the WL (waiting list)
group. On the left side the moderation effects lnd experimental condition (ACT/ WL) on
psychological inflexibility difference scores aresmlayed as a function of education (low (W=-1)/
middle (W=0)/ high (W=1)) in panel A and gender man (W=0)/ man (W=1)) in panel B. On the
right side the moderation of the effect of expentaé condition (ACT/ WL) on pain interference
difference scores by education (low/ middle/ higthpanel A and by gender (woman/ man) in panel B
are displayed while controlling for psychologicafléxibility.

33



Discussion

The results of this study show that pain interfeeelevels were significantly decreased after
the ‘Living with pain online’ intervention, based acceptance and commitment therapy
(ACT) and mindfulness. Furthermore, levels of psjagical interference were significantly
reduced after the intervention. The decrease inipérference is attributable to reductions in
psychological inflexibility. Independent of this derlying mechanism of psychological
inflexibility, there were no differences betweentenvention responses in high or low
educated as well as male or female participantsvendter, when estimating the influence of
demographic factors on the effect of psychologigdlexibility, our results showed a
significant influence of education. This influenicelicated that the intervention response in
low educated participants was not attributablegorements in psychological inflexibility.

Consistent with our first hypothesis, the partiasawho took part in the online ACT
and mindfulness based intervention showed sigmifiga higher decrements in pain
interference after the intervention than the otreticipants. Therefore showing that the web-
based ACT intervention was successful in the redncif pain interference in daily life and
additionally supporting previous findings of effieet ACT and mindfulness based
interventions (e.g. Fledderus et al., 2012; Veetddl., 2011; Hayes et al., 2006; Buhrman et
al., 2013). Although other researchers showed #€If and mindfulness based approaches
to be effective in the treatment of chronic paimetaints, the present research was the first to
show an online intervention based on ACT and miimdfss to be effective in reducing pain
interference in daily life.

Moreover, we found the online ACT intervention ®rnore effective in the reduction
of pain interference than another online treatnag@proach based on expressive writing (EW)
(Pennebaker, 1997). Our findings therefore proveedence for Hayes' et al. (2006)

indication that ACT could be more effective in tineatment of chronic pain conditions than
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other treatment approaches like EW. We can thezefonclude that the utilized ‘Living with
pain online’ intervention is indeed an effectiveatment approach for people suffering from
chronic pain complaints.

Analysis of our process measures showed the ‘Liwit pain online’ intervention to
be also effective in reducing psychological inflakiy and accordant with our second
hypothesis, the intervention response was mediatedpsychological inflexibility. This
mediating effect indicates that the reduction innpaterference was due to decreases in
psychological inflexibility. This finding correspda to another research were psychological
flexibility was found to mediate the effect of arccaptance and mindfulness based
intervention on positive mental health (Fledderus a., 2010). These researchers
conceptualized psychological flexibility as acceyta of present experiences and value-based
behavior. We handled psychologigaflexibility as opposite of psychological flexibiitand
conceptualized it in terms of avoidance and cogaitusion related to pain. Despite these two
different conceptualizations, our research seenwedyi¢ld similar results in assessing
mediating effects of acceptance and mindfulnessdadervention responses.

The mediating effect of psychological inflexibilityas specific for the ACT group and
no mediating effects could be detected when comgahe EW group with the waiting list,
showing that only the web-based ACT interventiofeaifvely reduced pain interference in
daily life through the decrement in psychologicaflaxibility. This mediating effect of
psychological inflexibility gives us information abt the underlying mechanism of the web-
based ACT intervention and therefore more detailshow the ‘Living with pain online’
intervention works. The mediating effect indicatedt the effectiveness of this intervention
lies in changes of psychological inflexibility arldat the intervention therefore worked as
intended.

The lack of a mediating effect of mindfulness wather unexpected. Analysis of our

process measures showed that there were increasasmdfulness scores among all three
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groups. The increments in mindfulness were thusspetific for the ACT group. A possible
explanation could be that the general increaséendegree of mindfulness was initiated by
the measurements. It could be that participanthienEW group and waiting list showed an
increment in mindfulness purely through filling the questionnaires. Because of the first
contact with a mindfulness questionnaire thoseigpants could have adopted a more
mindful way of thinking and thereby achieved arr@msent in mindfulness.

Another explanation could be that the ‘Living wilin online’ intervention targeted
mindfulness effectively after al and the ACT gralmwed higher increments in mindfulness
than the other participants, but we were not abledétect such higher increments in
mindfulness through exclusively using a questiomdtven though we could not detect any
increments in the degree of mindfulness using REIGQ-SF, participants in the ACT group
still might be more mindful after the interventitman the other participants. Here it could be
that participants in the ACT group maintain mindigs exercises and experience positive
effects on pain interference in daily life througiese exercises, but that the utilized
questionnaire does not asses these practical ingpliations of mindfulness thoroughly
enough and rather measures the understanding afoieepts of mindfulness. Additional
research is needed to investigate whether thersndeed no effects on mindfulness through
the web-based ACT intervention. One possibility {dobe to conduct interviews with the
participants of the ACT group and assess how tk@greenced the mindfulness elements in
the web-based intervention and filling in the FFNB®- Through interviews we could
additionally determine whether they had some erpess on mindfulness beyond the
guestionnaire or whether they integrated regulardfuiness exercises in their daily life and
how those exercises possibly influenced the intenfee of pain.

With regard to our third hypothesis, we did notedétany significant conditional
direct effects, therefore indicating that no motiatpeffects of education and gender on the

intervention response occurred independent of tleeiation. This is in accordance with
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several studies were also no relationship betweeatrhent responses and demographic
variables like age, gender, education, race, or garation could be detected (McCracken &
Turk, 2002).

Concerning our moderated mediation hypotheses weectdel no significant
moderating effects of gender on the mediating effefcpsychological inflexibility. The
estimated conditional indirect effect was significéor both genders, thus suggesting that the
‘Living with pain online’ intervention was equallgffective for men as well as women
through the reduction of psychological inflexibjlitThis web-based intervention therefore
seems to be applicable for men and women alike.

However, when adding the moderator education tontbdiation model, we indeed
detected a moderated mediation effect in accordavitte our fourth hypothesis, where
education moderated the mediating effect of psyioal inflexibility. In middle to high
educated participants, the ‘Living with pain onlinetervention seemed to reduce
psychological inflexibility, which translated intower pain interference in daily life. For
participants with low education, the effect of thweb-based ACT intervention on pain
interference did not operate through psychologicdlexibility, but still reduced pain
interference effectively.

One possible explanation could be that low educatadicipants experienced
difficulties to comprehend the core principles bé tintervention and rather profited from
more generic elements of the web-based ACT int¢iwen like the feedback from a
counselor. Another possible explanation would k& the decrease in pain interference for
low educated participants was due to incremenisindfulness, but we could not detect such
effects on mindfulness successfully. Additional emtews after the web-based ACT
intervention could give more information about whielements helped low educated
participants in the decrement of pain interfereaoel whether they experienced positive

effects because of mindfulness, for example thraeghlar mindfulness exercises.
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The moderated mediation finding allows the ‘Livimith pain online’ intervention to
aim at low educated individuals suffering from aficopain more effectively by tailoring the
web-based ACT intervention to the needs of thigi@dar group. This consideration of the
needs of low educated individuals could be applwdusing simpler language or, like
suggested by Fledderus et al. (2012), by using comai illustrate the main concepts of the
web-based ACT intervention and thereby facilitatungderstandability of the intervention.
The conclusions based on the moderated mediatieat &ff education could facilitate a more
effective targeting of the utilized interventiorr fow educated participants, therefore possibly
improving the treatment outcomes through a matckwden treatment and patient
characteristics (Kraemer et al., 2002). Furtheeaesh is needed to see how using simpler
language and comics for illustrating the conceptsict facilitate the interventions effect on
psychological inflexibility or which particular eteents of the web-based intervention
supported the decrement in pain interference in éalucated participants independent of
psychological inflexibility.

Although the detected moderated mediation effeadofcation could have important
implications for the improvement of the ‘Living \Wwifpain online’ intervention, these results
should be considered with caution. Our sample wa® reasonably high, but by assorting our
sample into high, middle and low educated partiipathe comparison of the ACT group
with the waiting list contained small samples ajthand low educated participants (see Table
1) with high standard deviations (see Table B1 ppéndix B). Additional research with
higher samples of high and low educated particpasttherefore needed to support our
findings.

Another limitation of the current study was that sample mainly consisted of female
and middle educated participants, so the resultauldhbe generalized with prudence.
However, reaching a primarily female and higheroadied group is not uncommon for web-

based self-help (e-health) interventions (e.g. &g et al. 2007).
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An additional limitation of this study could be tlkempleters only approach in our
data analysis. Only selecting those participante atlhered to the intervention and filled in
the post-treatment questionnaires could introduas to the sample. Although we found a
significant difference in age between completerd aon-completers (drop-out), indicating
that completers were significantly older, this difince was rather small (5 years). Further
examination of other background variables (i.e.dgeneducation, duration of complaints,
and diagnosis) and outcome as well as process nesadetween completers and non-
completers showed no significant differences, iatiig that there was no variance between
participants who adhered to the treatment and tids® dropped out. Therefore, we have
reason to assume that the completers only appmidahot introduce bias to our sample, but
rather provided an accurate estimation of the effgfcthe ‘Living with pain online’
intervention to the treatment of chronic pain cdiodis.

This research did not include a follow up measurgnte investigate whether the
detected changes in psychological inflexibility goain interference remain after the web-
based intervention. It would have strengtheneddisgn if a follow-up assessment of the
intervention response would have been includedhabstronger conclusions could be drawn
about whether the detected effects remain stalde avonger period of time. Buhrman et al.
(2013) showed their guided internet-delivered A@teivention for chronic pain patients to
maintain improvements in various outcome measuraséamonths follow-up. The effects of
a web-based ACT intervention therefore potentipityduce long term effects.

Al in al, the current study represents a high quaksearch showing the web-based
‘Living with pain online’ intervention to be an efftive method for the treatment of chronic
pain conditions through reducing pain interferemcedaily life. The utilized online ACT
intervention was even more effective than an adtigatment approach based on expressive
writing. Furthermore the mediating effect of psyiduical inflexibility gave more insight in

underlying mechanisms of the intervention and shibwheat the intervention worked as
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intended. The lack of a mediating effect of mindkgs and the moderated mediation effect of
education suggest that there are possibilitiesnigrovement of the online ACT intervention
through adding mindfulness elements and improvioghgrehensiveness through simpler
language or the use of comics to illustrate thenncancepts of the ‘Living with pain online’
intervention. In that way the intervention could taéored to the needs of low educated
participants and effectiveness could be improvdte Web-based ACT intervention has the
potential to reach more individuals and represemtsost effective intervention as a

complement or even an alternative for costly choqain rehabilitation.
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Appendix

A: Resultsof the Parallel Multiple Mediator Models

Direct effect Indirect effects
M, M, Total
Psychological Mindfulness
inflexibility
Point p t Point Cl Point Cl Point Cl
estimate estimate estimate estimate

ACT/  -2.662 0.038 -2.109 -2.353 -4.789-0.006 -0.415 -2.359 -4.800

EW to to to
-0.521 0.282 -0.504
ACT/ -0.096 0.9406 -0.076 -2.838 -4.745 -0.003 -0.482 -2.841 -4.692
WL to to to
-1.466 0.364 -1.473
EW/ 3.403 0.035 2.136 -1.435 -3.088 0.115 -0.208 -1.320 -3.044
WL to to to
0.071 0.884 0.224

Table Al.Direct and indirect effects of the three paralalitiple mediator models. The indirect
effects were estimated using bias corrected bemstonfidence intervals (Cl) of 10.000 bootstrap
samples. ACT, web-based intervention group whoivedethe intervention ‘Living with pain online’;
EW, expressive writing active treatment controlugrpWL, waiting list control group.
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Figure Al. Statistical diagrams of the parallel multiple nadr models. The comparison of the
mediating effects of psychological inflexibility drthe degree of mindfulness are shown between the
ACT and EW (panel A), the ACT and WL (panel B) ahd EW and WL group (panel C). Errors in
the estimation of the mediator variables &d M (eu:, au2) as well as the outcome variable Y)(e

are displayed. * significant a=0.05; ** significant ain=0.01
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Descriptive Statistics of Scores Organized by Education and Gender
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