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ABSTRACT

ARTICLE HISTORY

Purpose: Positive emotions have been found to be analgesic and can be induced by positive psychology
exercises. This study tested if positive psychology exercises provide beneficial effects on pain, responses
to pain, physical (pain interference), and emotional function.
Methods: Randomized parallel-group controlled single-blinded superiority-trial including communitydwelling individuals with chronic pain secondary to spinal cord injury. Participants in the intervention
group were instructed to practice 4 personalized positive psychology exercises for 8 weeks. Participants in
the control group were asked to be mindful and write about current life events.
Results: 108 (64%) completed the study. At post-treatment, the intervention participants reported significant reductions in pain intensity and improvements in pain catastrophizing and pain control, relative to
baseline. Both groups reported significant decreases in pain interference and negative emotions.
Significant between-group differences emerged for pain intensity at post-treatment. At 3-months followup, improvements maintained for the intervention group and improvements in positive emotions reached
statistical significance. Between-group differences were identified for pain intensity at post-treatment.
Conclusion: Positive psychology exercises represent a potential effective complementary treatment that
result in benefits on pain which can be readily implemented into daily living. Trials designed with an
inactive control condition should be conducted to further address efficacy.
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 Pain engenders negative emotions (e.g., fear, anger, sadness) which can negatively affect psychological, social, and physical function.
 Positive emotions have been found to be analgesic and can be induced by practicing positive psychology exercises.
 The findings of the current randomized controlled trial provide support for practicing positive psychology exercises (beyond the effects of pain medication intake), in particular on the reduction of pain
intensity, but also in improving pain catastrophizing and pain control.
 The majority of the positive psychology exercises are brief and self-administered positive activities
that have no known negative side effects nor financial cost, can be tailored to a person’s preferences
in activities and can be readily implemented into daily living with chronic pain, complementing
standard treatment of pain.

Introduction
Up to 80% of individuals with a spinal cord injury (SCI) report
having persistent pain [1,2] often of different etiologies (i.e., nociceptive, neuropathic) and experienced in multiple body locations
(e.g., shoulder, below the area of injury) [3,4]. Chronic pain often
limits daily activities [5,6], negatively influences mood [7–9], and
impacts quality of life [5,10].
In general, the treatment and management of chronic pain is
challenging. Pharmacological agents seldom reduce pain below a
rating of 4 on an 0–10 numeric rating scale, and a 50% pain
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reduction can only be achieved in about one third of individuals
with chronic pain with the strongest pain medications [11].
Furthermore, side effects of pharmacological agents, such as constipation, nausea, and fatigue [12–14], limit adherence to analgesics. Non-pharmacological treatments are, therefore, often used
instead or as an adjunct to biomedical treatments [15], including,
for example, electrical nerve stimulation, physiotherapy or cognitive-behavioral therapy [16] yoga [17], massage [18], acupuncture
[19], and biofeedback [20]. These nonpharmacological treatment
options are, however, constrained by a number of factors, such as
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limited access, low compliance, high costs, and lack of evidence
regarding long-term benefits [21,22]. The identification of low(er)
cost treatment options with minimal side effects, that provide
long-lasting benefits for individuals with chronic pain are, therefore, a priority in pain research.
One such treatment approach is practicing positive psychology
exercises. Positive psychology promotes the understanding of psychosocial strengths and resources complementing the more traditional study of individual deficits and vulnerabilities [23]. The
exercises are brief, simple and self-administered activities, such as
“Writing down three good or funny experiences of the day,”
“Doing (random) acts of kindness,” “Strengthening and enjoying
positive relationships,” or “Intensifying flow experiences” all of
which can increase positive emotions, such as gratefulness, love,
and enthusiasm. Practicing positive psychology exercises has
been consistently found to sustainably increase well-being, in particular positive emotions, and reduce depressive symptoms in the
general population [24–26]. Experimental research further shows
that positive emotions are analgesic [27,28]. Furthermore, a variety of positive psychology interventions have been shown to be
beneficial for improving physical and emotional functioning in
individuals with chronic pain (for a review [29]) [30–34]. A possible explanation for the beneficial effects of positive psychology
exercises on pain is that pain, in general, engenders negative
emotions, such as fear, anger, or sadness [35–37]. These negative
emotions play an important role in the management of acute
pain, because they strongly motivate people to protect themselves from further damage and pain (e.g., by withdrawing)
[38–40]. However, when pain persists, negative feelings become
more frequent, depressive and anxious mood increases, and in
turn, contribute to an increased focus on pain [41]. Both negative
affect and the focus on pain – which can increase the perceived
severity of pain – can become chronic. Positive psychological
exercises may counteract this negative cycle by inducing and reinforcing the experience of positive emotions. In addition to the
increase in positive emotions, positive thoughts and behavior
[42], need satisfaction (autonomy, relatedness, competence) [43],
reduced level of depressive symptoms (e.g., [25]) and a reduction
of cortisol [44] and inflammatory processes [45] could be potential
mediators explaining the beneficial effects of positive psychology
interventions.
These promising preliminary findings warrant further testing.
The current study adds to this research on novel pain treatment
options in particular for individuals with chronic pain secondary
to a SCI. Moreover, this study incorporated tailoring (matching)
procedures that allowed participant preferences to play a role in
adherence to treatment, given that the possibility that this would
increase exercise practice [46]. It also tests the hypothesis that
positive psychology exercises provide beneficial effects that will
be maintained for up to 3 months on (1) pain (including pain
intensity, pain-related catastrophizing and perceived control over
pain), (2) physical function (pain interference), and (3) emotional
function (including positive and negative emotions, depressive
symptoms and life satisfaction), independent of pain medication use.

Methods
Study design, participants, and procedures
The study hypothesis was tested via a randomized (1:1) parallelgroup controlled, single-blinded superiority trial conducted in
community-dwelling individuals with chronic pain secondary to a
spinal cord injury (SCI). The reporting follows CONSORT guidelines

(Consolidated Standards of Reporting Trials) [47], in particular for
trials assessing effects of nonpharmacological treatments [48,49],
and the recommendations of the Cochrane risk of bias tool for
intervention studies [50]. The study received approval from the
regional Swiss ethics committee (EKNZ 2014-317) and was preregistered at clinicaltrial.gov (NCT02459028).
Power analyses conducted using findings from a pilot trial [31]
indicated that a total sample of 118 participants (59 per treatment
condition) would provide 80% power to reject the null hypothesis
at an alpha level of .05 for the primary outcome of pain intensity.
In anticipation of a 30% lost to follow-up rate found in the pilot
study, we planned to recruit 154 participants.
Participants were recruited between March and May 2015
through the Swiss Spinal Cord Injury Cohort Study (SwiSCI, www.
swisci.ch) [51–53]. SwiSCI is conducted in collaboration with four
Swiss SCI rehabilitation clinics, the national organization for persons living with SCI (Swiss Paraplegic Association) and SCI-specific
home care institutions (ParaHelp) with the aim to register individuals 16 years of age or older with permanent residence in
Switzerland and a diagnosed traumatic or non-traumatic SCI.
Excluded from SwiSCI registry are individuals with congenital conditions resulting in para- or tetraplegia (e.g., spina bifida), SCI in
the context of palliative care, neurodegenerative disorders (e.g.,
multiple sclerosis) and inflammatory neurological disorders (e.g.,
Guillain–Barre syndrome). SwiSCI registered individuals who communicate in German and who reported in a previous SwiSCI survey that they had any pain type (i.e., nociceptive, neuropathic)
were sent an invitation and consent statement via mail to participate in the study. The invitation letter stated to contact the first
author should they be interested in participating in the study and
that invited persons will be contacted by telephone in 2–3 weeks
if there was no response upon the sent study invitation.
Interested individuals were screened by telephone interview to
determine that they (1) were at least 18 years of age, (2) experienced an average pain intensity of  4 on a 0–10 numeric rating
scale in the past week, and (3) experienced pain (classifiable with
the International Spinal Cord Injury Pain (ISCIP) Classification [54]
(4) on at least half the days in the past four weeks. Excluded from
participation were individuals who reported current participation
in any psychotherapy (including hypnosis or biofeedback) more
than once a month in order to prevent interference of the psychotherapy with the potential effects of the positive psychology
intervention. Further excluded from participation were individuals
who reported a hospitalization for psychiatric reasons within the
past year by reason of preventing confounding strong effects of
trauma (e.g., abuse) on the experience and development of pain
[55]. Also excluded from study participation were individuals with
cognitive impairment (indicated by one or more errors on a SixItem Screening [56]) to assure that participants understand study
procedures and, in particular, instructions to practice the exercises
independently. Concomitant pain medication intake was not an
exclusion criterion. Individuals who were screened eligible for
study participation and who agreed to participate were asked to
indicate if they wished to be accompanied through the study
“electronically” (i.e., communication via email and online questionnaires) or “manually” (i.e., communication with some personal
contact with the first author via telephone and paper-and-pencil
questionnaires).
Individuals who passed the screening process and gave consent received the first baseline questionnaire. Participants who
completed the baseline questionnaire were randomized to either
the intervention or control group using excel (computerized random number, blocks of 4). The randomization was stratified by
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gender [57]. The randomization was further stratified for injury
level (paraplegic, tetraplegic) and completeness of SCI lesion
(complete, incomplete) to help ensure equal distribution of disability severity, and thus, limitations in activities among the two
groups. Linking participants’ identification numbers to random
numbers was completed by the SwiSCI data manager (second
author) to further address group allocation was concealed for the
principle investigator (first author).
Interventions
Preliminary efficacy, feasibility, and acceptability of the interventions (including control intervention) and respective procedures
were pilot-tested in 2013 [31]. Participants randomized to the
intervention group were first invited to complete the pilot-tested
adapted version of the Person-Activity Fit Diagnostic (PAFD) [58]
for the purpose of tailoring the positive psychology exercises to
the participants personal preferences in activities. Respondents
were asked to rate 10 different activities (e.g., engaging in acts of
kindness, socializing, physical activity, meditation) on five dimensions (“It feels natural doing it”, “I enjoy doing it”, “I value and identify myself with doing it”, “I would feel guilty not doing it” and “I
would do it because someone else wants me to do it”) on 7-point
Likert scales (ranging from “Not at all” to “Very much”). The four
activities with the highest ranking, calculated following PAFD
scoring guidelines [58], were identified as those that best match
the participants’ interests in activities. The respective four positive
psychology exercises (out of potential 10), matching these activities, were subsequently sent to the participant per email or postal mail. Participants who did not complete the PAFD received a
standardized version of four exercises with the largest number of
studies supporting their effects to increase well-being [26,59]. The
specific 10 pilot-tested [31] positive psychology exercises are presented in Table 1. The development of the interventions for the
pilot study was based on a pragmatic review of the literature
[60–65]. Specifically, we chose exercises that both (1) had support
for their efficacy in other samples and (2) could be adapted for a
population of individuals with SCI and chronic pain. The interventions were translated into German.
Each exercise was presented on a maximum two-page document format, including a short introduction to the exercise topic
(e.g., gratitude), a paragraph about current research findings followed by different steps to complete the exercise (e.g., expressing
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gratitude). Participants were free to choose between the 4 exercises (“You may practice the same exercise in the next 8 weeks, or
you can train a different exercise every week, or several exercises
each week”) to increase variety and reduce (hedonic) adaptation
[66]. We allowed variety in practicing by listing different steps for
each exercise, as well as provide the freedom of choosing 4 of
the exercises, in order to address a possible reduction in the overall enjoyment of the activities (i.e., hedonic adaptation) [66]. The
intervention dose was determined based on the findings from the
pilot study [31]. In that study, participants were first classified into
groups representing the number of days they practiced the exercises (one day/week, more than one day/week, more than one
day/week plus on “bad” days). The duration (of practice) or practice time (15 min, more than 15 min) was computed as the average of the ratings for each of these dose domains. Pre- to posttreatment Cohen’s d effect sizes for each outcome were compared between the different dose groups. The results from these
analyses showed that although the subgroup that practiced the
exercises more than one day/week (but not on “bad” days)
showed larger effect sizes than the other subgroups, subgroup
sample sizes were too small to detect statistically significant differences. Therefore, for the current study, the intervention group
instructions included to practice the four positive psychology
exercises at least 15 min, at least 1 day a week and in particular
on “bad” days (defined as days with higher than average levels of
pain intensity or feeling “down in the dumps”) for the following
8 weeks. Participants randomized into the control group received
one activity that was presented using a one-page document format, and included a short introduction to the exercise topic (e.g.,
attention), a paragraph about current research findings regarding
that topic, and then the specific steps for the exercise.
Participants in the control group were instructed to be more
attentive to and mindful of (i.e., “using all your 5 senses”) their
surroundings and write about three specific events or activities
from the past 7 days “ … in as much detail as possible for at least
15 min, at least once a week and in particular on “bad” days for
the following 8 weeks. The control condition was designed to
include an activity that has been found to show at least some
benefits [67–69] (although we anticipated fewer benefits than
would result from the exercises in the active treatment condition),
rather than a waitlist control condition, in order to reduce study
attrition in the control group.

Table 1. Participants randomized into the intervention group were tailored to 4 of the following 10 exercises (including summarized description of the exercises).
The exercises are listed from the most to the least frequently assigned.
Exercise
Flow (15.3%)
Relationshipsa (14.9%)
Kindnessa (14.1%)
Gratitudea (11.8%)
Savoring (11.4%)
Taking care of the body (9.9%)
Goals (6.9%)
Spirituality (6.9%)
Optimisma (6.1%)
Forgiveness (2.7%)
a

Summarized description
Getting to know what "flow" experiences are, and seeking and increasing one’s focus of attention to these absorbing
(i.e., “flow”) experiences
Strengthening and enjoying relationships by making time for people, expressing admiration, appreciation, and
affection, capitalizing on good fortunes, being supportive and loyal, managing conflict and sharing inner life
Performing good deeds for other people, whether friends or strangers, either directly or anonymously, either
spontaneously or planned
Counting blessings, appreciation of life circumstances and gratitude towards persons (thanking someone) by writing,
contemplating and reflecting (e.g., with a gratitude partner) or expressing gratitude directly to another person
Taking delight, and replaying life’s momentary pleasures and wonders. For example, by using the five senses, by being
open to beauty and excellence, through relishing ordinary experiences and savoring those experiences with others
Engaging in physical activity or exercise, mindfulness meditation, smiling and laughing
Picking one, two, or three significant goals that are meaningful, and devoting time and effort to pursuing them in a
provided step by step approach
Becoming more involved in religion or spirituality by, for example, seeking meaning and purpose, finding the sacred
in ordinary life, and/or mindfulness meditation (increasing focus/attention, reflecting and writing)
Writing about best possible future selves, goals and subgoals as well as identifying barriers and automatic pessimistic
thoughts and coming up with ideas to minimize their effects
Writing about letting go of anger and resentment toward other persons

Four exercises chosen for the standardized treatment.
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All participants were informed to practice the exercises independently without supervision. However, if the participants had
any questions about the exercises, questionnaires or study procedures, they were invited to contact the first author at any time
during the study via telephone or email.
A Microsoft Access database tracking system was used to
prompt and encourage exercise practice in all participants during
the intervention once a week via either standardized email (54%)
or phone calls (46%, following a telephone script) from the first
author. During these weekly reminder calls and emails, participants were asked to indicate (1) the frequency of practicing the
exercises in the past 7 days, (2) the amount of time they practiced
the exercises on those days, and (3) which exercise they practiced
(the most).
Measures
Information on participants’ descriptive characteristics (i.e., age,
sex, level and completeness of lesion) were retrieved from the
SwiSCI database. Current sociodemographic information including
relationship status, education, place of birth, employment and
income were assessed via baseline questionnaire.
At baseline, 8 weeks (post-treatment), and 3 months after treatment (follow-up), core outcome measures were assessed online
via a secure SwiSCI server or in paper-and-pencil form between
March 2015 and January 2016. Consistent with the recommendations of the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) [70] the following core
outcome measures for (1) pain, (2) physical function, (3) emotional
function, (4) participants’ ratings of benefit and satisfaction with
treatment, (5) adverse events, and (6) participants’ disposition (i.e.,
participant recruitment and progress through the trial)
were assessed.
Pain (pain intensity, pain-related catastrophizing, and perceived
control over pain)
A 0–10 numerical rating scale (NRS) was used to assess average
pain intensity. Participants were asked to indicate average pain
intensity of their worst pain problem in the past week from 0
(“No pain”) to 10 (“Pain as bad as you can imagine”). The NRS is
recommended as a core outcome measure in clinical trials of
chronic pain treatments [70] and has been found to demonstrate
responsiveness in identifying improvements associated with pain
treatment [71]. In addition to perception of pain, the following
responses to pain (i.e., pain catastrophizing and pain control)
were measured. Three domains of pain-related catastrophizing
(rumination, magnification and helplessness) were assessed using
the 13-item Pain Catastrophizing Scale [72]. Respondents were
asked to rate statements such as “I keep thinking about how much
it hurts” (rumination), “I wonder whether something serious may
happen” (magnification), and “There’s nothing I can do to reduce
the intensity of the pain” (helplessness) using a 0–4 rating scale
(“Not at all” to “All the time”). Higher scores indicate more pain
catastrophizing. In the present study, the German version of the
Pain Catastrophizing Scale was used, which has been shown to
be valid and reliable for assessing pain catastrophizing in individuals with chronic low back pain [73] and for monitoring pain catastrophizing in individuals with SCI [74]. The internal consistency
(Cronbach’s alpha) of the Pain Catastrophizing Scale in the current
sample through the study were 0.90–0.93. The degree to which
respondents believe that their pain can be controlled (pain control) was assessed using the 10-item Survey of Pain Attitude
(SOPA) Control subscale [75]. Respondents were asked to rate

statements such as “There is little that I can do to ease my pain”
or “The amount of pain I feel is out of my control” on a 5-point
scale (“This is very untrue for me” to “This is very true for me”).
Higher scores indicate higher perceived control over pain. The
SOPA Control subscale has been found to be valid and reliable to
measure pain control in individuals with physical disabilities
[75–77]. In the present study, a German translation of the SOPA
Control subscale was used which was identified as valid and reliable to measure and monitor pain control in individuals with SCI
[74]. In the current sample, internal consistency of the SOPA
Control subscale were between 0.86 and 0.89.
Physical function (pain interference)
The disability-modified 12-item Pain Interference scale of the Brief
Pain Inventory (BPI) [78] was used to assess how much pain interferes with daily functioning. The original 7-item Pain Interference
scale of the Brief Pain Inventory (BPI) [79] has been modified into
a 12-item instrument assessing interference of pain in daily activities of individuals with physical disability by changing “walking”
into “mobility” and adding five items to assess interference of
pain with self-care, recreational and social activities, communication, and learning new information or skills. Respondents were
asked to rate on a 10-point numeric rating scale (0 ¼ “Does not
interfere” to 10 ¼ “Completely interferes”) the extent to which their
pain interferes with, for example, mobility, self-care, sleep, mood
or social activities. Higher scores indicate higher levels of pain
interference. The BPI Interference disability-modified scale has
been found reliable and valid to measure pain interference in
individuals with SCI [78]. For the present study, the validated
German 7-item original version [80] was used adding the 5 disability-relevant items newly translated in German (i.e., assessing
interference with self-care, recreational and social activities, communication and learning new information or skills). This 12-item
German version has been found reliable and valid to monitor
pain interference in individuals with SCI [74]. Cronbach’s alpha in
the current sample were between 0.93 and 0.95 at all measurement time points.
Emotional function (positive and negative emotions, depressive
symptoms, and life satisfaction)
Positive and negative emotions were assessed using the 20-item
Positive and Negative Affect Schedule (PANAS) [81]. Respondents
were asked to indicate on a 5-point Likert scale (“Very slightly or
not at all” to “Extremely”) the extent they have experienced 10
different positive emotions (e.g., “enthusiastic”) and 10 different
negative emotions (e.g., “distressed”) in the past week. Higher
scores refer to the experience of more positive and negative emotions, respectively. For the current study, the German version of
the PANAS was used. There is evidence for adequate reliability
and validity [82,83], in particular for invariance across different
measurement time points, of the German version of the PANAS to
assess positive and negative emotions in the general population
and in individuals with SCI [84]. Cronbach’s alphas for the PANAS
Positive and Negative scales were 0.87–0.89 and 0.85–0.88,
respectively.
Depressive symptoms were assessed using the 7-item depression subscale of the Hospital Anxiety and Depression Scale
(HADS-D) [85]. Participants were asked to rate on a 0–3 scale the
severity of experiencing affective and cognitive depressive symptoms in the past week (e.g., “I feel as if I am slowed down”).
Higher scores indicate higher levels of depressive symptoms. The
German version of the HADS-D has been shown to be reliable
and valid to assess depressive symptom severity in individuals
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with SCI [86] and has also been found to be sensitive to change
in depressive symptoms in a low back pain population [87]. The
internal consistency (Cronbach’s alpha) of the HADS-D in the current sample for all measurement time points were between 0.81
and 0.84.
Quality of life was measured using five selected items of the
World Health Organization Quality of Life Scale (WHOQOL-BREF)
[88]. With this measure, respondents are asked to rate their (1)
overall satisfaction with life, as well as satisfaction with (2) health,
(3) daily activities, (4) relationships, and (5) living conditions.
Overall quality of life was also rated on a 5-point Likert scale
ranging from “Very poor” to “Very good.” Satisfaction with different
life domains was rated on a 5-point Likert scale from “Very dissatisfied” to “Very satisfied.” The five selected items have been identified as reliable and valid as a measure of quality of life in
individuals with SCI [89]. The original WHOQOL-BREF has been
found to be valid measure to monitor quality of life of individuals
with rheumatoid arthritis [90]. Cronbach’s alpha for the Quality of
Life Scale in the current sample was acceptable (a ¼ 0.72–0.80).

Participants’ ratings of benefit and satisfaction with treatment
and assessment of adverse events
Participants in both groups were asked at post-treatment to indicate (1) how much they benefitted from the intervention on a 5point Likert scale (“No benefit” to “Extreme benefit”), (2) how much
they experienced negative effects related to the intervention on a
5-point Likert scale (“No negative effects” to “Extreme negative
effects”), and (3) how satisfied or dissatisfied they were by the
intervention on a 7-point Likert scale (“Very satisfied” to “Very dissatisfied”). Participants were further invited to comment (free-text)
on the overall benefit, adverse events and satisfaction of the
intervention.

Participants’ disposition
Information on participants’ recruitment and their progression
through the trial were collected following the CONSORT guidelines for trials testing nonpharmacological treatments [48,49]. The
weekly reminder assessment of frequency and duration of practicing positive psychology as well as the control exercise was used
to assess the extent to which each participant adhered to the
treatment protocol. Concomitant pain medication intake was
assessed at each measurement time point (note: there were no
restrictions in pain medication use as a requirement of study participation). Thereby, participants were asked to list (1) the medications they are currently taking on a regular basis and (2) the
medications they are taking as needed in addition for pain treatment. For each medication, the participants said they were taking,
they were further asked to indicate dose and frequency of taking
that medication. For the current analyses, the listed medications
were classified into “non-steroidal anti-inflammatory drugs
(NSAID, e.g., Ibuprofen [Irfen], diclofenac potassium [Voltaren]),
anticonvulsants (e.g., gabapentin [Neurontin], pregabalin [Lyrica]),
tricyclic antidepressants (TCA, e.g., amitriptyline [Saroten), sedative-hypnotics (e.g., diazepam [Valium]), medical marijuana (e.g.,
dronabinol), and opioid (e.g., oxycodone [Oxicontin]), tramadol
[Tramal]), by the first author. The medication classification of 30%
of the participants were crosschecked by a pharmacist (third
author). The classifications were adapted accordingly.
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Analyses
Analyses were conducted in PASW Statistics (Version 18.0 for
Windows, SPSS Inc, Chicago, IL). Descriptive statistics were conducted to describe the participants’ characteristics and disposition
in terms of recruitment and progression through the trial.
Potential effects of positive psychology exercises immediately
post-treatment and at 3-months follow-up were examined with
respect to changes in core outcome measures from baseline to
post-treatment and baseline to 3-months follow-up (time factor
with three levels baseline, post-treatment and follow-up). First,
within-group changes were examined in order to determine
meaningfulness of changes in core outcome domains [91]. For
each outcome, pre- to post-treatment effect sizes (Cohen’s d)
were computed, considering d ¼ .20–.50 as small, d ¼ .50–.80 as
moderate, and d  .80 as large effect sizes [92]. Second, betweengroup changes (Time  Group interaction effects) were examined
at post-treatment to evaluate the effects of practicing the 4 positive psychology exercises (intervention group) relative to the
effects of practicing a single exercise of detailed journaling about
mindful experienced life events (control group) on core outcome domains.
Both, per-protocol analyses (PP) examining complete cases, as
well as intention-to-treat analyses (ITT), imputing missing values
at post-treatment and follow-up from last observations (i.e., last
observation carried forward imputation), were conducted allowing
the comparison of both “optimistic” overestimation of treatment
effect (PP) and “conservative” underestimation of treatment effect
(ITT) (assuming similar lost to follow-up in both groups). To provide an unbiased assessment of the intervention effect for complete case analyses, the assumption was tested that trial
completers (i.e., completed all questionnaires) do not differ from
non-completers (i.e., completed only baseline questionnaire) on
baseline core outcome measures [93]. Changes in core outcome
measures and Time  Group interaction effects were analyzed by
repeated measures of analyses of variance (general linear model)
considering an significance level of p<.05 and p<.01. Changes in
pain intensity at post-treatment and 3 months follow-up were
reported in percentage change scores in order to account for
baseline pain level [91]. A decrease of 10–20% is viewed as minimally important, a decrease of 30% (but < 50%) as moderately
important and a decrease of 50% as a substantial decrease in
pain intensity [91]. Considering pain medication intake, separate
linear regression analyses were conducted to determine if
changes in core outcome measures at post-treatment and followup in both groups were associated with pain medication intake at
baseline, post-treatment or follow-up. Those pain medications
that were taken at a specific measurement time point and were
found to be related to changes in core outcome measures during
the trial were entered as covariates in the general linear model
for repeated measures in the ITT dataset.

Results
Participants’ characteristics and disposition
Figure 1 shows details on participants’ recruitment and progression through the trial. Participation rate in response to the study
invitation was 30%. Twenty-five percent of invited individuals
were unable to be contacted primarily due to changed contact
details (undeliverable invitation letter) or not answering the
phone. The most common reasons to decline participation were
not having pain (23%) or time to perform the exercises (15%).
The screening of interested participants resulted in a recruitment
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Figure 1. Information on participants’ recruitment and their progression through the trial.

rate of 90%. Reasons for screening out of the study was primarily not having pain defined in the present study as being chronic
(73%). The majority of eligible participants returned the baseline
questionnaire (97%) and were randomized into intervention
(n ¼ 87) or control group (n ¼ 81). Seven of the participants in
the intervention group did not complete the PAFD (completion
rate: 92%) and received the standardized version of the exercises. A total of 116 participants completed the post-treatment
questionnaire (lost to post-treatment: 30%). A total of 108 participants completed the 3-month follow-up questionnaire (lost to
follow-up: 7%). Eleven of the participants had to be excluded
from final data analyses (n ¼ 97) due to hospitalization (n ¼ 6),
increased frequency of participation in psychotherapy (n ¼ 2),
passing away of a close person (n ¼ 2), and unstandardized (i.e.,

long and personalized) weekly telephone reminders (n ¼ 1) during the trial.
Table 2 shows that enrolled participants were on average
56 years old, were 17 years post paraplegia (70%) or a tetraplegia
(30%), and well educated (mean total years of education ¼ 14).
The sample consisted of more men (64%) than women with the
majority being born in Switzerland (86%), currently married (60%)
or in a relationship (69%), and in a paid or unpaid working position (i.e., employed, unpaid work, homemaker) or going to school
(61%). Table 2 further shows that sociodemographic characteristics were similar among participants in the intervention group
and the control group.
With regard to adherence to protocol, 79% in the intervention
group and 84% in the control group responded to all the weekly
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Table 2. Descriptive characteristics of study participants at baseline.

Age
Mean (SD) in years, range
Missing
Gender
Male
Female
Missing
Marital status
Married
Single (never married)
Divorced
Widowed
Registered partnership
Missing
Relationship status
In a relationship
Not in a relationship
Missing
Years of education
Mean (SD) in years, range
Missing
Born in Switzerland
Yes
No
Missing
Employmenta
Employed
In education
Unpaid work
Unemployed (seeking job)
Homemaker
Invalidity pension
Retired
Other situations
Lesion severity
Paraplegia complete
Paraplegia incomplete
Tetraplegia complete
Tetraplegia incomplete
Missing
Lesion etiology
Traumatic
Non-traumatic
Time since injury
Mean (SD) in years, range
Missing
a

Intervention group (n ¼ 87)
n (%)

Control group (n ¼ 81)
n (%)

55.0 (11.99), 26–80
0

56.0 (12.00), 34–83
0

Total (N ¼ 168)
n (%)
55.5 (12.0), 26–83
0

56 (64.4)
31 (35.6)
0

52 (64.2)
29 (35.8)
0

108 (64.3)
60 (35.7)
0

51 (58.2)
15 (17.2)
17 (19.5)
3 (3.4)
0
1 (1.1)

50 (61.7)
13 (16.0)
13 (16.0)
4 (4.9)
1 (4.9)
0

101
28
30
7
1
1

52 (62.1)
25 (28.7)
8 (9.2)

61 (75.3)
17 (21.0)
3 (3.7)

115 (68.5)
42 (25.0)
11 (6.5)

14.2 (3.06), 8–22
0

13.8 (2.28), 10–20
1 (0.6)

(60.1)
(16.7)
(17.9)
(4.2)
(0.6)
(0.6)

14.0 (2.7), 8–22
1 (0.6)

73 (83.9)
14 (16.1)
0

72 (88.9)
9 (11.1)
0

37 (42.5)
1 (1.1)
0
0
14 (16.1)
45 (51.7)
29 (33.3)
7 (8.0)

27
1
2
3
20
40
25
3

24 (27.6)
35 (40.2)
8 (9.2)
20 (23.0)
0

24 (29.6)
35 (43.2)
4 (4.9)
18 (22.2)
0

48 (28.6)
70 (41.7)
12 (7.1)
38 (22.6)
0

72 (82.8)
15 (17.2)

58 (71.6)
23 (28.4)

130 (77.4)
38 (22.6)

18.5 (12.6), 1.1–49.0
2 (2.3)

145 (86.3)
23 (13.7)
0

(33.3)
(1.2)
(2.5)
(3.7)
(27.4)
(49.4)
(30.9)
(3.7)

16.0 (12.3), 0.7–51.6
1 (1.2)

64
2
2
3
34
85
54
10

(38.1)
(1.2)
(1.2)
(1.8)
(20.2)
(50.6)
(32.1)
(6.0)

17.3 (12.5), 0.7–51.6
3 (1.8)

More than one selection possible.

reminders. In total, 76% reported practicing once or more per
week and 70% reported practicing for 15 min or longer. Reported
frequency and duration of practicing the exercises was higher in
the intervention group than in the control group: In the intervention group, mean frequency of practicing was 4.62 times per
week (range between 0 [“never”] and 7 [“daily”]). Thereby, mean
duration per time of practicing was 31 min, with a minimum of
5 min and a maximum of 180 min (“whole afternoon”). In the control group, mean frequency of practicing was 2.82 times per week
(range between 0 [“never”] and 7 [“daily”]) and mean duration per
time of practicing was 23 min (minimum: 5 min, maximum
120 min [“whole evening”]). In the intervention group, 12%
reported, on average during the 8 weeks intervention, practicing
only 1 exercise, 27% practiced 2 different exercises, and the
majority (61%) practiced 3 or all 4 exercises. No significant
changes in regularly and pro re nata (as needed) pain medication
intake at baseline, post-treatment and 3-months follow-up were
reported for NSAID (30-31%), anticonvulsants (32–35%), opioid
(27–30%), sedative-hypnotics (12–13%), TCA (5–7%), and marijuana (2–3%) in both groups. Given the small sample of

individuals who reported taking TCA and medical marijuana during the trial, potential effects of these two pain medication on
core outcome measures were not examined. Intake of opioid and
sedative-hypnotics (at all measurement time points) and NSAID
(at baseline) were found to be related to changes in pain intensity
and interference, positive emotions, depressive symptoms, and
quality of life at all measurement time points and were, therefore,
entered as covariates in the general linear model.
Effects of positive psychology exercises
No significant differences between intervention and control group
were found at baseline for any of the outcome measures. There
were also no significant differences in baseline core outcome
measures between trial completers and non-completers.
Table 3 presents means and standard deviations of the core
outcome measures at all measurement time points, as well as
within-group and between-group (Time  Group interaction
effects) changes in core outcome measures from baseline to posttreatment and baseline to 3-month follow-up both for the
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Table 3. Changes in core outcome measures from baseline to post-treatment and baseline to 3-months follow-up, considering per-protocol analyses (PP) and intention-to-treat analyses (ITT) controlling for medication intake (n ¼ 97 were included in the final analyses).

Group
Pain
Pain intensity
PP
Interv.
Contr.
ITT
Interv.
Contr.
Pain
catastr.
PP
Interv.
Contr.
ITT
Interv.
Contr.
Pain
control
PP
Interv.
Contr.
ITT
Interv.
Contr.
Physical
functioning
Pain
interference
PP
Interv.
Contr.
ITT
Interv.
Contr.
Emotional
functioning
Positive
emotions
PP
Interv.
Contr.
ITT
Interv.
Contr.
Negative
emotions
PP
Interv.
Contr.
ITT
Interv.
Contr.
Depressive
symptoms
PP
Interv.
Contr.
ITT
Interv.
Contr.
Quality
of life
PP
Interv.
Contr.
ITT
Interv.
Contr.

Baseline
(mean/SD)

Post-treatm.
(mean/SD)

Between-group effect
Post-treatm. Within-group effect (Time  group) posta
effect size
post-treatm. (F(df))
treatm. (F(df))

5.06
6.48
5.57
6.49

(1.76)
(2.30)
(1.79)
(2.16)

0.75
0.03
0.45
0.02

18.8
0.4
22.37b
1.55b

(1,47)**
(1,57)
(1,78)**
(1,77)

12.83
14.71
14.43
14.45

(8.63)
(8.19)
(9.15)
(8.06)

0.41
0.13
0.23
0.15

14.32
4.82
12.89
4.75

(1,47)**
(1,58)
(1,79)**
(1,78)

23.91
21.27
22.24
20.84

(6.37)
(6.82)
(6.56)
(6.91)

0.44
0.13
0.19
0.08

13.03
0.93
11.79
0.93

(1,47)**
(1,58)
(1,79)**
(1,78)

47.51 (22.51) 38.15
44.63 (24.80) 35.40
43.27
40.12

(21.04)
(21.75)
(21.91)
(23.72)

0.43
0.39
0.19
0.18

8.52
9.78
8.00
9.41

(1,47)**
(1,58)**
(1,79)**
(1,78)**

31.52 (6.29)
31.17 (7.08)

33.66
32.81
32.67
32.36

(6.57)
(6.79)
(6.83)
(7.25)

0.33
0.23
0.17
0.16

9.20
5.99
0.51b
0.53b

(1,47)**
(1,58)
(1,79)
(1.78)

16.47
16.57
17.49
16.88

(5.66)
(5.62)
(6.38)
(5.65)

0.36
0.25
0.19
0.19

9.05
5.46
8.46
5.35

(1,47)**
(1,58)
(1,79)**
(1,78)

4.11
4.63
4.54
5.24

(3.25)
(3.38)
(3.24)
(3.81)

0.34
0.35
0.12
0.18

8.72
7.83
2.94b
1.27b

(1,46)**
(1,56)**
(1.76)
(1,76)

3.85
3.86
3.76
3.76

(0.58)
(0.57)
(0.60)
(0.59)

0.23
0.22
0.08
0.05

1.53
0.84
1.53
0.84

6.33 (1.62)
6.55 (1.89)

16.47 (8.92)
15.85 (9.60)

20.97 (6.81)
20.27 (7.14)

18.78 (7.06)
18.09 (6.44)

5.26 (3.53)
5.95 (4.07)

3.71 (0.64)
3.73 (0.61)

(1,47)
(1,58)
(1,79)
(1,78)

10.2 (1,104)**
5.85 (1,156)
b

1.50 (1,107)
0.56 (1,157)

1.70 (1,105)
0.97 (1,157)

0.12 (1,105)
0.17 (1,157)

0.13 (1,105)
b

0.00 (1,157)

0.30 (1,105)
0.02 (1,157)

0.19 (1,102)
b

0.00 (1,152)

Within-group Between-group effect
effect follow(Time  group)
up (F(df))
follow-up (F(df))

5.77
6.25
5.99
6.27

(2.18)
(2.11)
(1.91)
(2.01)

1.52
2.99
10.03b
2.39b

(1,43)
(1,52)
(1,79)**
(1,77)

12.73
15.09
14.80
14.43

(9.72)
(9.44)
(9.84)
(9.00)

4.53
4.54
5.70
4.01

(1,44)
(1,53)
(1,79)
(1,78)

24.23
21.30
22.15
21.26

(6.76)
(7.83)
(6.81)
(7.62)

3.96
1.91
5.01
3.73

(1,44)
(1,53)
(1,79)
(1,78)

43.61
38.42
46.20
41.42

(25.11)
(23.87)
(24.08)
(24.89)

0.90
3.50
0.42
3.34

(1,44)
(1,53)
(1,79)
(1,78)

34.82
32.28
33.16
32.12

(6.41)
(6.05)
(7.05)
(6.82)

7.81
2.35
9.42
3.60

(1,44)**
(1,53)
(1,79)**
(1,78)

16.68
17.08
17.57
17.05

(6.35)
(6.23)
(6.70)
(6.01)

4.23
4.70
4.75
4.90

(1,44)
(1,53)
(1,79)
(1,78)

4.39
4.92
4.79
5.41

(3.39)
(3.23)
(3.48)
(3.77)

3.59
3.65
0.20
0.53

(1,44)
(1,53)
(1,76)b
(1,76)b

3.81
3.86
3.75
3.78

(0.64)
(0.62)
(0.65)
(0.63)

0.35
0.76
1.00
1.87

(1,44)
(1,53)
0.09 (1,157)
(1,79)b
(1,78)b

SD: standard deviation; PP: per-protocol analysis; ITT: intention-to-treat analysis (imputation: last observation carried forward). p<.05, p<.01.
Bold values are significant at p<.05, p<.01
a
Cohen’s d effect size.
b
Corrected for medication intake.

intervention and for the control group. The following paragraphs
report on the results of the “conservative” estimation of treatment
effects (ITT) in the intervention group, corrected for effects of concomitant medication use.
At post-treatment, individuals in the intervention group
reported a significant decrease in pain intensity, with 38% reporting a minimal, 26% reporting a moderate, and 2% reporting a
substantial reduction in pain. In addition, practicing positive
psychology exercises were found to be associated with improved
responses to pain (i.e., decrease in pain catastrophizing and
increase in pain control), physical function (i.e., decrease in pain

0.22 (1,105)

3 months
follow-up
(mean/SD)

0.01 (1,93)
0.26b (1,156)

0.08 (1,95)
0.07 (1,155)

0.65 (1,95)
0.97 (1,155)

0.72 (1,97)
0.12 (1,153)

1.65 (1,95)
0.83 (1,153)

0.22 (1,95)
0.06 (1,155)

0.01 (1,94)
0.07 (1,149)

0.01 (1,95)
0.36 (1,154)

interference) and emotional function (i.e., decrease in negative
emotions). No within-group changes in quality of life was found
in the intervention group at post-treatment. In addition, when
controlling for pain medication intake, the treatment effects on
positive emotions and depressive symptoms are no longer significant. Effect sizes for practicing positive psychology exercises on
core outcome measures were small (Cohen’s d ¼.12–.45). Detailed
journaling about mindfully experienced life events (control group)
were found to be associated with improvements in physical (i.e.,
decrease in pain interference) and emotional functioning (i.e.,
decrease in negative emotions). In addition, no within-group
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changes in quality of life was found in the control group. The
baseline to post-treatment between-group effects were significantly different for pain intensity, indicating that practicing positive psychology exercises is superior to the control group in
reducing pain intensity.
At 3-months follow-up, 40% in the intervention group and the
control group reported still practicing the positive psychology
and journaling exercises, respectively. Eleven percent in the intervention group and 23% in the control group reported not having
practiced in the last 3 months. For both groups, 43% did not
answer the question “Did you maintain practicing the exercise(s)?”. For the intervention group, baseline to 3-months followup improvements in pain intensity and responses to pain (i.e.,
pain catastrophizing, pain control) maintained. In addition to the
remaining improvements in negative emotions, changes in positive emotions reached significance. For the control group, only
baseline to follow-up improvements in negative emotions maintained. None of the baseline to follow-up Time  Group interactions were statistically significant, indicating no significant
between-group differences in changes in any of the outcomes
during this time period.
Participants’ ratings of benefit and satisfaction with treatment
and assessment of adverse events
The majority (93%) of participants in the intervention group
reported experiencing a benefit from practicing positive psychology exercises (“Extreme benefit” ¼ 6%, “A lot of benefit” ¼
22%, “Some benefit” ¼ 56%, “Little benefit” ¼ 9%). Eight-two of
participants in the control group reported experiencing a benefit
from detailed journaling about mindfully experienced life events.
(“A lot of benefit” ¼ 12%, “Some benefit” ¼ 40%, “Little benefit”
¼ 30%). Average treatment satisfaction ratings were similar for
both groups (i.e., in the “Quite/fairly satisfied” range, intervention
group: mean ¼ 2.02, SD ¼ 0.91; control group: mean ¼ 2.45, SD
¼ 0.92). No adverse events were reported in either group. The
majority (93%) reported experiencing no negative effects.
Negative effects included “Feeling under pressure to do the journaling,” “Reflecting on negative experiences,” and “Concentrating
on pain since it is a ‘pain study’.” Positive effects reported were,
for example, "I can better deal with my pain," "[Exercises] stimulated to be more active, which led to positive surprises and experiences," and "Through practice, thoughts distract from pain. This
provides a feeling of relief from pain."

Discussion
Pain (pain intensity, pain-related catastrophizing, and perceived
control over pain) and physical function (pain interference)
The aim of this study was to determine the effects of tailored
positive psychology exercises on pain and responses to pain,
physical, and emotional function in individuals with a physical disability and chronic pain. Practicing positive psychology exercises
was found to significantly and sustainably (up to 3 months)
reduce pain intensity beyond the effects of pain medication
intake. It is superior to journaling about mindful experienced life
events in its effects of reducing pain intensity. Almost 70% of participants reported at least a minimally important reduction of
pain intensity after the 8-week practice of positive psychology
exercises. The effects on pain reduction are comparable to nonpharmacological treatments such as electric or magnetic stimulation, physical exercise, and acupuncture in individuals with SCI
[16] as well as psychological interventions such as cognitive
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behavioral therapy (e.g., short-term effect sizes: 0.39 [0.18–0.61] in
individuals with non-specific low back pain [94]. The findings also
indicate that practicing positive psychology exercises improved
responses to pain (i.e., less pain catastrophizing and higher pain
control) and physical function (i.e., lower pain interference) independently of pain medication use. Furthermore, benefits are more
present in individuals who indicated continuing practicing the
exercises between post-treatment and follow-up assessment (during 3 months). In addition, since participants in the intervention
group were practicing more and longer a week, than did the participants in the control group, it is possible that the time spend
practicing is direct related to the pain reduction. The exercises
represent self-administered positive activities that have no financial cost, have many more pleasant than negative side-effects, are
well-accepted, and can be tailored to a person’s preferences in
activities. All of these benefits likely contributed to the high
adherence in practicing the exercises that was observed during
the trial. Greater access to these exercises could be easily realized
through websites or individual “homework” embedded into any
multimodal pain treatment. However, with the absence of an
inactive control condition the present superiority trial design has
its limitations. With a lack of between group differences, in particular in physical and emotional functions, it remains possible
that time alone could account for the observed improvements.
Emotional function (positive and negative emotions, depressive
symptoms, and life satisfaction)
Enhanced emotional function (i.e., increased positive and
decreased negative emotions, and reduced depressive symptoms)
was found in individuals who practiced positive psychology exercises. However, when controlling for NSAID intake the immediate
effects on emotional function became non-significant. Practicing
positive psychology was not found to be immediately effective
for enhancing emotional functioning in the present study.
However, the positive psychological exercises do appear to be
effective independent of the effects of anti-inflammatory medications over the course of 3 months. It is possible that in order for
the exercises to have the greatest impact, they would need to be
practiced more often and for a longer period of time than they
were practiced by the participants in this study. It is notable that
systematic reviews or meta-analyses indicate that psychological
interventions tend to have larger effects on emotional function
(e.g., distress, anxiety, depression) and disability or pain interference than on pain intensity. The current findings, on the other
hand, suggest larger effects on pain intensity. This could reflect
the ability of positive psychology interventions to stimulate
increases in positive emotions [25,42], which in turn, have been
found to have an analgesic effect [27,28].
Effects of journaling about mindfully experienced life events
(control exercise)
Regularly journaling about mindful experienced life events was
found to be associated with a reduction in negative emotions
and the extent pain interferes with daily activities. These results
could indicate that journaling can potentially distract from feeling
how much pain interferes with daily living in the short-term but
maybe not in the long-term. Another reason for the missing longterm effect is that more participants in the control than the intervention group (23% versus 11%) reported not having practiced
the exercise(s) in the last 3 months. Although the instructions for
the control exercise did not explicitly instruct participants to only

10

R. MÜLLER ET AL.

write about positive events (i.e., “You can choose an event or
activity [ … ] it does not need to be something particularly special”), the majority of participants in the control group reported
during the weekly reminder that they were “journaling about
positive events.” The positive effects of journaling were identified
in general population trials testing the effects of “Thinking about
positive life experience” [67,95,96] or “Positive writing or bibliography” [97,98] and can be considered similar in its effects of
experiencing gratitude. Although applied “retrospectively,” the
control exercise could potentially have reinforced mindfulness
practice (i.e., paying attention in a particular way: on purpose, in
the present moment, and nonjudgmentally [68,69]). In particular,
participants were journaling about the past when they were
mindful (exercise instructions include: “What did you see, smell,
hear, feel, taste [using all your five senses]”). Thus, at the moment
when participants were doing the exercise they were not being
mindful per se, but the exercise might have encouraged them to
be more mindful in daily situations. Mindfulness has been found
to reduce stress and increase mood [99] through underlying emotional (e.g., decoupling attention from emotion), cognitive (e.g.,
attentional control), and behavioral (e.g., task persistence) processes [100]. This study has shown that when a variety of exercises
are tailored to a person’s interests then these may be superior to
the use of one consistent journaling activity. Variety is in general
considered to be “the spice of happiness” and can protect individuals from being caught in the hedonic treadmill [66].
Both positive psychology exercises and journaling about mindful experienced life events were not found to be effective in positively changing quality of life. This finding is inconsistent with
findings from the pilot study as well as studies in the general
population that have shown a benefit in practicing positive psychology for enhancement of subjective well-being. Subjective wellbeing can be considered as consisting of a cognitive (satisfaction
with life domains) and emotional (experience of positive versus
negative emotions) evaluation of one’s life [101]. Research on
mechanisms underlying the efficacy of positive psychology interventions support the crucial role of positive emotions in interventions and provide first evidence that positive emotions have to be
accompanied, however, by cognitive changes for more sustainable
changes in well-being [102].
The majority of participants were satisfied with both interventions. The experienced treatment benefit was, however, rated
higher by those individuals who practiced positive psychology
exercises. Negative effects listed included for example “Feeling
under pressure to do the journaling,” “Reflecting on negative
experiences,” and “Concentrating on pain since it is a ‘pain
study’.” These negative experiences can be expected for some
participants with these interventions, however, it is important to
be aware of them in clinical practice to be prepared to provide
suitable coping strategies. Although all the exercises did not
broach the issue of pain, future researchers could do well to recommend that participants in such trials avoid focusing too much
on pain and pain-related symptoms. Instead, they can encourage
participants to use the strategies to increase opportunities for distraction from pain. The implicit focus on pain in “pain studies”
could be problematic for some individuals who may be prone to
somatization or increased anxiety, since these traits could potentially increase their focus on pain in the context of participation
in pain research.
Finally, the question of who benefits from practicing positive
psychology and why (including the question of ideal intervention
dose) needs to be addressed in future research to inform implementation into clinical practice [103]. Research in the general

population indicates that older individuals with psychosocial
problems (e.g., depression) who self-selected themselves into a
trial (perhaps expecting benefit from an intervention in the first
place) benefited the most from practicing positive psychology
[25,26]. Further characteristics of the intervention (dose, mode,
setting [i.e., “online” contact versus personal contact]), of the person (age, sex, employment status, level of education, level of wellbeing pre-intervention, intervention satisfaction and benefit), of
the lesion (paraplegia versus tetraplegia, complete versus incomplete, traumatic versus non-traumatic, and time since injury), and
of pain (baseline pain intensity, pain type, pain medication class)
could be examined as possible moderators of the effects of positive psychology interventions. Moreover, by identifying the underlying mediating mechanisms of the effects of positive psychology
(e.g., positive and negative affect, pain control, and catastrophizing) treatment efficacy could be maximized by focusing directly
on these.
Limitations and future research
A number of limitations should to be considered when interpreting the findings for implications of future studies and implementation into clinical practice. First, usability of positive psychology
in clinical practice might be restricted by a limited generalizability
of the findings to the whole population, due to the fact that the
percentage of women who participated in the study (36%) was
higher than female representation in the general SCI population
(28%) [52], as well as in pain population (chronic musculoskeletal
pain is found to be higher among women in community and
treatment seeking samples [104–106]. Second, the study was
designed as superiority trial (i.e., comparing an experimental condition to an active control condition). We chose to not include a
waitlist or usual care condition in part because we have found,
consistent with our feasibility trial [31], that the likelihood of
being willing to participate in a clinical trial is higher if participants are aware that both interventions are expected to have
positive effects. However, in the absence of an inactive control
condition (waitlist or care as usual), it remains possible that time
alone could account for the observed improvements in outcome.
Future research cold address this issue by utilizing a dismantling
approach with regard to control group comparisons (i.e., positive
emotion interventions versus general mindfulness versus basic
attention control). Furthermore, the study design does not allow
for an evaluation of specific beneficial effects of tailoring (versus
not tailoring) the intervention or for the relative value of the different exercises. Future research could examine these issues, for
example, by comparing potential effects of single positive psychology exercises with each other, construct combinations of exercises that have the strongest effect and compare them with
active or waitlist control groups. Third, reasons for drop out during the study were not systematically collected; therefore, no
information is available in order to make efforts to reduce attrition in future studies. Fourth, participants might have received
unreported non-pharmacological pain treatment during the trial
(e.g., physiotherapy, nerve stimulation, acupuncture, surgery), that
could have potentially influenced the effects of both interventions. In addition, we only controlled for the confounding effects
of pain medication intake (including TCAs), but not the intake of
antidepressants for the treatment of depressive symptoms; these
latter could potentially have confounding effects on practicing
positive psychology exercises. However, only 3 participants
reported that they were taking antidepressants (for the treatment
of depression, other than TCAs) at all measurement time points.

POSITIVE PSYCHOLOGY AND CHRONIC PAIN: RANDOMIZED CONTROLLED TRIAL

Finally, we excluded individuals who reported participating in psychotherapy more often than once a month (n ¼ 4). However, it is
possible that participating in psychotherapy once a month or less
often could potentially have influenced psychosocial skills for pain
or affect management, and thus may have had a confounding
effect on the study outcomes.

Conclusions
Positive psychology exercises can reduce pain intensity beyond
the effects of pharmacological treatment. It represents a potential
effective complementary treatment without adverse side effects.
Given that positive psychology exercises self-administered activities that are well accepted, have no financial cost and can be tailored to a person’s interest in activities and daily structure,
compliance to this type of treatment is likely. However, future
(replication) studies testing the effects of these positive psychology exercises on pain outcomes should include an inactive control condition (e.g., waitlist, care as usual) in the trial designs to
distinguish treatment effects from effects due to time alone (e.g.,
regression to the mean). Future research is warranted that address
questions of why (mediation analyses), for whom (moderation
analyses), and which positive psychology exercises are most
effective, to facilitate implementation into clinical practice.
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