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Abstract

In chronic pain, mental defeat is considered as a disabling type of self-evaluation triggered by repeated episodes of debilitating
pain. This exploratory study experimentally tested the effect of an activated sense of defeat, as well as its interaction with pain
catastrophizing, on pain and mood. Participants (N = 71) were allocated to either high or low pain catastrophizing groups and then
randomly assigned to receive either defeat or neutral manipulations. A cold pressor task administered before and after the thought
manipulation measured pain threshold, alongside visual analogue scales for mental defeat, attention, pain intensity, pain antic-
ipation as well as mood. Thought manipulation checks supported successful defeat activation. Defeat activation was associated
with increased negative mood and attentional disengagement from the nociceptive stimuli, irrespective of pain catastrophizing
tendency. There were no changes in pain threshold, pain or pain anticipation ratings. The results suggest that mental defeat can be
experimentally activated using an autobiographical memory task and that an activated sense of defeat appears to operate
independently from pain catastrophizing in influencing mood and attentional disengagement from the nociceptive stimuli.
Future research can utilize our experimental approach to evaluate the effect of an activated sense of mental defeat in people with

chronic pain, for whom the magnitude of pain, mood and attentional responses may be stronger and broader.
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Mental defeat is a construct used in a cluster of psychological
disorders to explain symptom severity and the development of
distress and disability (Taylor, Gooding, Wood, & Tarrier,
2011). In posttraumatic stress disorder (PTSD), mental defeat
is defined as the “perceived loss of autonomy in the face of
uncontrollable traumatic events” (Ehlers et al., 1998). Victims
of torture and assault who experience a strong sense of defeat
are also individuals who display more severe PTSD symp-
toms and poorer responses to exposure treatment (Dunmore,
Clark, & Ehlers, 2001; Ehlers et al., 1998; Ehlers, Maercker,
& Boos, 2000). In depression, the social rank model of psy-
chopathology proposes depression as a natural response to
loss of social status in conflict situations (Price, Sloman,
Gardner, Gilbert, & Rohde, 1994). The perception of defeat
in such situations predicts depressive symptoms above and
beyond the sense of hopelessness (Gilbert & Allan,
1998). In the suicide literature, defeat is featured as a key
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cognitive factor driving suicidal thoughts and behavior
(O'Connor & Nock, 2014) in two of the most influential
models, the Cry of Pain Model (Williams, 2001) and the
Schematic Appraisals Model (Johnson, Gooding, Wood, &
Tarrier, 2010; Williams & Pollock, 2001).

A central component of mental defeat is the threat to a
person’s physical and psychological integrity. It has been sug-
gested that the severity of symptoms and perception of defeat
can be attributed to both external factors (e.g., trauma, rejec-
tion, neglect as a child) and internal factors (e.g., pain, phys-
ical illness, emotional/sensory processing), as well as the in-
terplay of these (Gilbert & Allan, 1998; Pompili et al., 2014;
Serafini et al., 2017). Given the high comorbidity between
PTSD (Amris & Williams, 2007; Asmundson, Norton,
Allerdings, Norton, & Larsen, 1998), depression (Buhrman
et al., 2015), suicidality (Tang & Crane, 2006), and chronic
pain, mental defeat has been introduced to capture the deeper
psychological impact of chronic pain on one’s sense of iden-
tity and self (Tang, Salkovskis, & Hanna, 2007). Mental de-
feat is considered a debilitating type of self-evaluation, where-
by frequent occurrences of debilitating pain give rise to neg-
ative beliefs about oneself with respect to chronic pain (Tang
et al., 2007; Tang, Shum, Leung, Chen, & Salkovskis, 2013).
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Example thoughts are: “I felt completely at the mercy of what
was happening to me”, “I felt destroyed as a person”, taken
from the Pain Self Perception Scale (PSPS) (Tang et al.,
2007).

Using the PSPS to measure mental defeat, previous research
has shown that mental defeat is higher in patients with chronic
pain compared to patients with acute pain, anxiety disorders,
community volunteers suffering from acute or chronic pain,
and volunteers without significant pain (Tang et al., 2007).
Moreover, after controlling for demographics, pain intensity,
and mood disturbance, the occurrence of mental defeat distin-
guished treatment-seeking from non-treatment seeking patients
(Tang, Goodchild, Hester, & Salkovskis, 2010). This corrobo-
rates with a recent study showing that 47% of the variance in
patients’ reported levels of pain-related self-efficacy is ex-
plained by mental defeat, but not the conventional psycholog-
ical predictors such as anxiety, depression, hopelessness, or
pain (Hazeldine-Baker, Salkovskis, Osborn, & Gauntlett-
Gilbert, 2018). Mental defeat may thus be a key cognitive
marker of the collapse of pain self-management.

Mental defeat may contribute to the development of dis-
tress and disability associated with chronic pain. Previous re-
views have established that chronic pain increases suicide risk
by up to three times, even after controlling for pain intensity
(Fishbain, Lewis, & Gao, 2014; Tang & Crane, 2006). Further
evidence suggests that mental defeat relates to different di-
mensions of pain symptoms and that it is functionally distin-
guishable from existing pain-related psychological constructs
(Garcia-Campayo et al., 2010; Tang et al., 2007, 2010).

However, previous studies exploring mental defeat in
humans are predominantly cross-sectional in design. A neces-
sary next step is to examine the causal effect on pain responses
using experimental methods. Whilst not directly translatable,
pre-clinical animal studies have examined links between so-
cial defeat and heightened pain responses. Specifically,
hyperalgesia has been observed in rodent intruders repeatedly
attacked and defeated by an aggressive resident, showing in-
creased escape attempts from nociceptive cold/hot tempera-
tures and elevated proinflammatory cytokine production
(Andre et al., 2005; Kinsey, Bailey, Sheridan, Padgett, &
Avitsur, 2007; Marcinkiewcz et al., 2009). These responses
were observed in addition to the expected stress responses
indicated by demobilized behaviors and elevated cortisol
levels (Denmark et al., 2010; Keeney et al., 2006).

The aim of the current study was to evaluate the effect of
mental defeat on human pain responses and mood via an ex-
perimental design. In particular, whether the sense of mental
defeat could be activated experimentally and whether this,
when activated, would alter pain ratings. As a proof-of-
concept study, we examined the effect in a healthy, pain-free
sample to minimize potential confounds introduced by psychi-
atric comorbidities and current pain medication use. Given the
self-focusing nature of mental defeat (Tang et al., 2007), and

the possible interaction with mood and attention, we will inves-
tigate attentional focus as possible avenues through which men-
tal defeat impacts on pain rating. Furthermore, to assess wheth-
er mental defeat differentially relates to different dimensions of
pain symptoms and that it is functionally distinct from pain
catastrophizing in predicting distress and disability, participants
were split into high or low catastrophizing groups. Based on the
reviewed literature, it was hypothesized that mental defeat ac-
tivation would result in higher defeat ratings taken post-thought
manipulation and that those in the defeat activation condition
would have a greater increase in defeat compared to the neutral
condition (H1). Furthermore, we would expect that an activated
sense of mental defeat would have a negative impact on mood
(H2) and decrease pain threshold whilst pain ratings and pain
anticipation ratings would increase (H3). These effects were
not expected in the neutral condition.

Method
Design

Figure 1 illustrates the study’s design and assessment proce-
dure. A 2 (pain catastrophizing tendency: high vs. low) x 2
(thought manipulation: defeat vs. neutral) x 2 (time: pre- and
post-thought manipulation) design was used to examine the
effects of pain catastrophizing and defeat on (i)- Pain thresh-
old measurement, (ii)- Attention, (iii)- Pain rating, (iv)- Pain
anticipation (v)- Mood, (vi) defeat.

Participants

Participants were 78 healthy, pain-free volunteers recruited from
two university research participant panels. To be eligible for
study inclusion, the participants had to be aged 18 years or
above and English speaking. Criteria for exclusion included
presence or history of: (i) chronic pain, (ii) severe anxiety and/
or depression (as determined by a score of >15 on either sub-
scale of the Hospital Anxiety and Depression Scale, in line with
recommended cut-off scores for case selection (Bjelland, Dahl,
Huag, & Neckelmann, 2002; Zigmond & Snaith, 1994), or other
major psychological disorders, (iii) frostbite, (iv) open wounds
on their hand, and use of pain medication (e.g., paracetamol,
ibuprofen, and/or aspirin). Seven of 78 participants screened
did not meet the full inclusion/exclusion criteria. Thus, a total
of 71 participants were allocated to either igh or low pain
catastrophizing groups and then randomly assigned to receive
either defeat or neutral manipulations. A further 12 were exclud-
ed from data analysis because they did not respond to the ma-
nipulation in the expected direction as indicated by thought ma-
nipulation checks. These excluded participants were in the
defeat condition; 3 were high pain catastrophizers and 9 were
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Fig. 1 Study design and

assessment procedure flowchart.
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High Pain Catastrophizing

Low Pain Catastrophizing
Group
(n=36)

analysis. Pain catastrophizing ‘
group (high vs low) was allocated *
based on median split of baseline *
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PCS score. i) Pain threshold was Neutral Defeat Neutral Defeat
measured using the Cold Pressor Thought Thought Thought Thought
Task. After each pain threshold Manipulation Manipulation Manipulation Manipulation
measurement, participants were Group Group Group Group
asked to rate on a VAS: ii) the (n=13) (n=10) (n=13) (n=23)

extent to which participants were
focusing on their hand, thoughts,
and surroundings iii) the intensity
of experienced pain iv) how much

pain they would experience if
they were asked to submerge their
hand in the water for 3 times
longer than they already had,

Pain threshold measurement - Attention checks - Pain rating - Pain anticipation
rating > Mood rating - Thought manipulation check

Assessment 1

without the option of withdrawal
and v) the extent to which they
felt joyful, at ease, distressed, or
upset. vi) Thought manipulation
checks involved VAS ratings in
response to six statements asking

A 4

Thought Manipulation

A 4

about participant’s feelings.
These were administered at the
end of Assessment 1 and the
beginning of Assessment 2 to

Thought manipulation check - Pain threshold measurement 2 Attention checks >
Pain rating = Pain anticipation rating - Mood rating

Assessment 2

capture changes in defeat post-
thought manipulation. Individual
measures within each round of
assessment are presented in chro-
nological order. *Thought ma-
nipulation reversal was only ap-
plicable to participants who were
assigned to receive the defeat
thought manipulation

low pain catastrophizers. The final sample thus comprised 59
participants.

Measures

Assessment Questionnaire This was used to obtain demo-
graphic information about participants’ age, sex, ethnicity,
employment status, highest education level, relationship sta-
tus, and Body Mass Index (BMI). For screening and sample
characterization, the assessment questionnaire included the
Brief Pain Inventory’s present pain intensity rating (Cleeland
& Ryan, 1994) and the Hospital Anxiety and Depression
Scale (Zigmond & Snaith, 1983) to measure current presence
of pain and symptoms of anxiety and depression.

Pain Catastrophizing Scale (PCS) A 13-item scale measuring
catastrophic thinking related to past experiences (Sullivan,
Bishop, & Pivik, 1995). Responses were rated on a 5-point
Likert scale (0 = not at all to 4 = all the time) with a total score
ranging from 0 to 52. The PCS has good overall internal
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reliability, oc=.92 (Wheeler, Williams, & Morley, 2019). In
the absence of an established cut-off for non-clinical popula-
tions, a median split score of 18.3 was used for pain
catastrophizing group assignment (high pain catastrophizing
>18.3; low pain catastrophizing <18.3). Using the median split
is deemed an appropriate method for categorizing high and low
catastrophizing in non-clinical samples (Sullivan et al., 1995;
Van Damme, Crombez, & Eccleston, 2004) with similar medi-
an split scores recognized in pain-free samples e.g. Sullivan,
Adams, and Sullivan (2004) and Van Damme et al. (2004).

Attention Checks Immediately after each cold pressor task
(CPT), participants were asked to indicate on three separate
100 mm VAS the extent to which they were focusing on (i)
their immersed hand, (ii) their own thoughts, and (iii) their
surroundings. Each VAS had “not at all” as the left anchor
(scored 0) and “very much so” as the right anchor (scored 100).

Thought Manipulation Checks Six “I feel...” statements

prefixed®...defeated”, “...powerless”, “...humiliated”, ...
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indifferent”, “...impartial”, and “...neutral” were adminis-
tered immediately pre- and post-thought manipulation.
Answers for each were indicated on corresponding 100 mm
VAS, with “low” as the left anchor (scored 0) and “high” as
the right anchor (scored 100). The “...defeated” item ratings
were used to determine manipulation success. For inclusion in
final data analysis, ratings from the defeat condition needed to
demonstrate a minimum increase of at least 10 points on the
“...defeated” VAS. Ratings from the neutral condition needed
to not have an increase/decrease of greater than 5 points on the
“...defeated” VAS.

Primary Outcome Measures

Pain Threshold Measurement A Cold Pressor Task (CPT) was
used to assess cold pain threshold pre- and post-thought ma-
nipulation. This involved the use of an 18-litre circulating
chilled water bath (model T100; Grant Instruments
Cambridge Ltd.) with water temperature maintained at 4 °C
(von Baeyer, Piira, Chambers, Trapanotto, & Zeltzer, 2005).
Participants were asked to submerge their hand and wrist in
the water until the instance when they defined the sensation
they were feeling to be ‘pain’. The recorded duration from
hand immersion to withdrawal from the water provided an
index of pain threshold (Loeser & Treede, 2008).

Pain Rating After each CPT, participants were asked how
much pain they experienced when their hand was submerged.
A 100 mm VAS indicated their pain rating with “not painful at
all” as the left anchor (scored 0) and “worst pain felt” as the
right anchor (scored 100).

Pain Anticipation Rating After each pain rating, participants
were asked to estimate how much pain they would experience,
if “for the final task of the session, they were asked to sub-
merge their hand in the water for 3 times longer than they
already had, without the option of withdrawal”. Answers were
indicated on a 100 mm VAS with “no pain” as the left anchor
(scored 0) and “worst pain imaginable” as the right anchor
(scored 100).

Secondary Outcome Measures
Mood Ratings

State measures of positive and negative mood were taken
immediately before and after each CPT. Four mood state-
ments were used; two to assess positive mood (“I feel joy-
ful”, “I feel at ease”) and two to assess negative mood (“I
feel distressed” and “I feel upset”). Mood descriptors were
chosen from Positive and Negative Affects Schedule items
(Watson, Clark, & Tellegen, 1988). Participants were asked
to indicate the extent to which they felt these emotions on a

100 mm VAS, with “/ow” as the left anchor (scored 0) and
“high” as the right anchor (scored 100). Averages of these
pairs were taken as the positive and negative mood ratings.

Procedure

Prior to the test session, participants were asked to complete
the PCS and a written task comprising three paragraphs de-
tailing specific past autobiographical memories: (a) a typical
day-to-day experience at home/work/university, (b) an expe-
rience that directly affected them, by making them feel
defeated at the time, and (c) an experience that directly affect-
ed them, by making them feel victorious at the time. Then they
completed a baseline set of measurements; Pain threshold
measurement including the CPT (timed using a stopwatch),
attention checks, pain rating, pain anticipation rating, mood
ratings and the first set of thought manipulation checks. The
thought manipulation took place in a quiet room with no dis-
traction for three minutes. The participants were asked to sit in
a comfortable position, close their eyes and concentrate on
their thoughts. Those in the defeat group were presented with
their written paragraph about a past experience which left
them feeling defeated. Those in the neutral group underwent
the same procedure but using their neutral paragraph. In both
conditions, they were asked to try to relive their written expe-
rience, based on previously established mood induction
methods (Baas, De Dreu, & Nijstad, 2008). Participants were
asked to channel all feelings associated with that experience
back to the present. They were told to try and feel the full
extent of their experience without filtering any associated
emotions. Participants were left alone to relive this.
Afterwards, they were asked to provide a second set of
thought manipulation checks. A second round of pain mea-
surements followed to index change associated with the
thought manipulation. Finally, participants in the defeat group
were given an additional victory thought manipulation, using
their victory paragraph, to neutralize any effects of the defeat
manipulation.

Data Analysis

Missing data were deleted listwise (McNeish, 2017).
Preliminary data screening revealed that the cold pain thresh-
old and negative mood data displayed excessive kurtosis thus
values were square-root transformed before further analysis.
Differences in demographic variables between the two groups
were analyzed with ANOVAs (mean and SD). Differences in
sex and ethnicity were analyzed using a chi-square test.
Between group differences in the demographic variables (pain
catastrophizing; high vs low, thought manipulation group; de-
feat vs neutral) were indicated by independent samples t-tests
(t, 95% CI). For the main analysis, a 3-way ANOVA was used
with the variables “pain catastrophizing” , “thought
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manipulation”, and “time”. Post-hoc comparisons between
groups or over time were conducted to follow-up on any sig-
nificant interaction or main-effect. Partial eta squared (np>)
values were reported as an indicator of effect size, a value of
0.01 is considered small, 0.06 medium and 0.14 or above large
(Cohen, 1992). Finally, two-tailed intercorrelations between
changes in the variables were also calculated using Pearson’s
r, of which a value of >.5 is considered a large/strong corre-
lation (Cohen, 1988). Change scores were calculated by
subtracting each outcome measure’s pre-thought manipula-
tion value from each of their post-thought manipulation values
to index the difference for each variable.

Results
Participant Characteristics

Table 1 presents the participant characteristics. No sig-
nificant differences between manipulation groups (defeat

or neutral) were found for sex, BMI, BPI, anxiety or
depression but there was a significant difference in pain
catastrophizing score at baseline. Additionally, no signif-
icant differences in pain catastrophizing groups (high or
low) were found for age, but as expected, significant
differences between catastrophizing groups were detected
for sex, BMI, BPI anxiety, depression and pain
catastrophizing score. Differences in ethnicity could not
be evaluated due to not passing the minimum sample
size requirements in each subcategory.

Manipulation Checks and Outcome Measures

Table 2 presents a summary of the analysis, showing the
pattern of significant interaction and main effects across
measures. There were no significant 3-way interactions
(pain catastrophizing tendency x thought manipulation x
time) observed for any of the manipulation checks or out-
come measures. Moreover, there were no significant 2-way
pain catastrophizing tendency x thought manipulation

Table 1 Participant characteristics for each group at baseline
High pain Low pain Group differences
catastrophizing (HPC) catastrophizing (LPC)
(n=23) (n=36)
Overall Defeat (D) Neutral (N) Defeat (D) Neutral (N) HPC vs LPC DvsN
Measure (n=59) (n=13) (n=10) (n=13) (n=23) tor XZ 95% CI tor X2 95% CI
Age (y) 273 (8.5) 245(79) 28(9.2) 30.5(10.3) 26.8(74) -9 —6.7t025 -1 —4.8t04.2
Sex (n, %) 6.3% 1.4
Female 29 (49.2) 9(69.2) 7 (70) 6(46.2) 7(30.4)
Male 30 (50.8) 4 (30.8) 3(30) 7(53.8) 16 (69.6)
Ethnicity (n, %)
White 21 (35.6) 3(23.1) 3(30) 6(46.2) 9(39.1)
Black 5(8.5) 3(23.1) 0(0) 1(7.7) 1(4.3)
Asian 19(32.2) 5(38.5) 5(50) 3(23.1) 6(26.1)
Chinese 10 (16.9) 2 (15.4) 2 (20) 2 (15.4) 4(17.4)
Mixed 4(6.8) 0 (0) 0 (0) 1(7.7) 3(13)
BMI (kg/m%,SD) 232(34) 21333) 224(3.8) 235(3.8) 24425 26%* —4lto—6 1.6 —-4t03.2
Brief Pain Inventory (BPI) 1422) 0.5(0.9) 0.7 (1.1) 1.4 (2.5) 2 (2.6) —2.6% —22t0o-3 12 -5t 1.8
Anxiety (HADS) 6.233) 8.63.8) 7.1(2.5) 44 (3.4) 542.5) 3.7¥%  1.4t04.6 -7 —25t01.2
Depression (HADS) 32(28) 4239 4832 2(1.5) 2.6(2.1) 2.6% 41037 3 -13t0 1.7
Pain Catastrophizing Scale (PCS) 15.5(9.4) 25.6(84) 233(53) 11.5@4.8) 85247 9.6%** 119to181 -24* —-103to—.8

Statistical significance of each t-test is indicated by **¥*p <.001; *¥*p<.01; *p<.05

Means and SDs, and, where relevant, frequency and percentage (%) of the total sample (n=159) are reported. # values are reported for independent
samples t-tests except for sex where chi-square tests of independence (x* ) were used. Ethnicity violated the statistical assumptions of chi-square tests so
was not analysed. 95% CI =95% confidence interval of the difference; n» number of participants, #PC High Pain Catastrophizing group, LPC Low Pain
Catastrophizing group, D Defeat manipulation group, N Neutral manipulation group, BMI Body Mass Index, BPI Brief Pain Inventory, HADS Hospital

Anxiety and Depression Scale, PCS Pain Catastrophizing Scale
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Table2  Summary of 2x2x2 Mixed ANOVAs: main effects and interactions by outcome measure
Main Effects Two-Way Interactions Three-Way Interaction
F, p value F, p value F, p value
T ™ PCS T*TM T*PCS TM*PCS  T*TM*PCS
Attention checks Hands 4.23,.04 11,73 .99, .32 .30, .59 .64, .43 .03, .85 28, .60
Thoughts 26.39, .00 .35, .56 54,47 5.60, .02 71,40 .56, .46 1.36, .25
Surroundings .001, .98 4.52, .04 12..73 .00, .99 232,.13  2.14,.15  25,.62
Manipulation check ~ Defeat 72.72, .00 17.14,.00 421,.05 134.82,.00 1.77,.19 .28,.60 3.87, .06
Primary Cold Pain Threshold .42, .52 .002, .96 .35, .60 2.14, .15 .55, .46 .70, .41 79, .38
outcomes Pain Rating 7.14, .01 3.54,.06 343,.07 3.37,.06 33,57 14,71 .55, .46
Pain Anticipation 46, .50 1.47, .23 .50, .48 3.83, .06 .55, .46 1.21,.28 43,52
Secondary outcomes ~ Positive Mood 12.47,.001 3.96, .05 3.39,.07 1.69, .20 1.98,.17 52,47 .001, .98
Negative Mood 25.22,.00  21.33,.00 4.22,.04 24.41,.00 6.75,.01 1.94,.17 3.08,.09

Significant main effects and interactions are in bold type. 7 “Time” (pre and post), TM “Thought Manipulation” (defeat vs neutral), PCS Pain

Catastrophising (high vs low)

interactions observed for any of the manipulation checks or
outcome measures.

Attention Checks

For the attention to hand rating (Fig. 2a), there were no sig-
nificant 2-way interactions. Only a main effect of time was
found (F(1, 55)=4.23, p = .04, np” = .07), indicating that par-
ticipants across thought manipulation and pain catastrophizing
groups paid less attention to their hand during the second pain
threshold measurement (M= 56.93, 95% CI [49.93, 63.93)),
compared with the first (M= 65.58, 95% CI [58.09, 73.08])
(p<.05).

For the attention to thoughts rating (Fig. 2b), there was a
significant 2-way interaction between time and thought ma-
nipulation, F(1,55)=5.60, p=.02, np” =.09 only. However,
post-hoc comparisons indicated no significant differences in
attention to thoughts rating between the mental defeat and
neutral groups at pre- or post-thought manipulation. There

was a significant effect of time F(1,55)=26.39, p< .001,
np° = .32, with participants across groups paying more atten-
tion to one’s own thoughts post-thought manipulation (M=
47.59, 95% CI [49.72, 65.46]) compared with pre-thought
manipulation (M =34.5, 95% CI [26.56, 42.43]) (p < .001).

For the attention to surroundings rating (Fig. 2c), there
were no significant 2-way interactions. There was only a main
effect of thought manipulation group (F(1, 55)=4.52, p = .04,
np” =.08), whereby participants in the defeat group paid gen-
erally more attention to their surroundings (M= 30.85, 95%
CI[22.6,39.09]) as opposed to the neutral group (M = 18.68,
95% CI[10.7,26.64]) (p < .05).

Thought Manipulation Checks

There was a significant 2-way interaction between time and
thought manipulation observed F(1, 55)=134.82, p<.001,
np*=.71 (Fig. 3a). There was a main effect of time
F(1,55)=72.72, p<.001, T]p2 = .6, and thought manipulation

a b c
100
9 Hand Thoughts Surroundings
80
=3
2 70
S
% 60 )
.§ 50 A High PCS — Defeat
.g 40 A High PCS — Neutral
g 30 ©—  Low PCS - Defeat
< 20 © Low PCS — Neutral
10
0
Pre-Thought Post-Thought Pre-Thought Post-Thought Pre-Thought Post-Thought
Manipulation Manipulation Manipulation Manipulation Manipulation Manipulation

Fig. 2 Effect of thought manipulation (defeat vs neutral) on attention
ratings for (a) hand, (b) thoughts and (c) surroundings grouped by pain
catastrophizing tendency (high vs low). Error bars represent 1 + actual

standard error of the mean estimated from reported data. a Mean attention
ratings for hand. b Mean attention ratings for thoughts. ¢ Mean attention
ratings for surroundings
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Fig. 3 Effect of thought manipulation (defeat vs neutral) on defeat, pain
threshold, pain rating, pain anticipation, and mood ratings (positive and
negative) grouped by pain catastrophizing tendency (high vs low). Error
bars represent 1 +actual standard error of the mean estimated from

F(1,55)=17.14, p<.001, np*=.3. The two groups did not
differ significantly in their defeat ratings pre-thought manipu-
lation, but as expected, the defeat rating was higher in the
defeat group (M= 54.77, 95% CI [47.18, 62.36]) than the
neutral group (M= 10.77, 95% CI [3.45, 18.10]) post-
thought manipulation (p <.001). Paired sample t-tests testing
for changes in defeat ratings between assessments for each
thought-manipulation group indicated that the defeat group
had an increase (MD= 16.85, 95% CI [8.58, 25.11])
(p <.001), whereas the neutral group had a decrease in defeat
ratings at post-thought manipulation (MD =-3.10, 95% CI
[-10.36, 4.15]) (p = .40).

Cold Pain Threshold

In addition to no significant 3-way interactions, there were no
significant 2-way interactions nor any significant main effects
found for CPT (Fig. 3b).

Pain Rating

Only a main effect of time was found F(1,55)=7.14,
p=.01, np>=.12, indicating that participants across
groups had higher pain ratings post-thought manipulation
M =50.69, 95% CI [43.53, 57.85]) compared with pre-
thought manipulation M =45.67, 95% CI [38.85, 52.49])
(» <.01) (Fig. 3c).
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reported data. a Mean defeat ratings b Mean of square-root transformed
cold pressor task (CPT) ratings ¢ Mean pain ratings d Mean
pain anticipation ratings e Mean positive mood ratings f Mean of
square-root transformed negative mood ratings

Pain Anticipation Rating

In addition to no significant 3-way interactions there were no
significant 2-way interactions nor any significant main effects
observed for pain anticipation rating (Fig. 3d).

Mood Ratings

For positive mood ratings (Fig. 3e), there were no significant
2-way interactions. A main effect of time was found
(F(1,55)=12.47, p=.001, np* =.19), whereby participants
across groups gave lower positive mood ratings post-thought
manipulation (M =50.11, 95% CI [44.54, 55.67]) than pre-
thought manipulation (M =60.80, 95% CI [55.56, 66.05])
(p<.01).

For negative mood ratings (Fig. 3f), there was a signif-
icant 2-way interaction between time and thought manip-
ulation F(1, 55)=24.41, p<.001, npzz .31. Whilst the
two groups did not significantly differ in their ratings at
pre-thought manipulation, the defeat group (M= 3.81,
95% CI [3.07, 4.55]) had higher negative mood ratings
than the neutral group (M= 3.36, 95% CI [2.65, 4.07])
(p < .001). There was a similar pattern for the interaction
between time and pain catastrophizing tendency F(1,
55)=6.75, p=.01, np2= .12, with significant differences
in negative mood ratings between catastrophizing groups
post-thought manipulation (high: M =5.80, 95% CI [5.07,
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6.54]; low: M=4.23, 95% CI [3.63, 4.84]) (p< .01) but
not at pre-thought manipulation. There were also signifi-
cant main effects of time F(1, 55)=25.22, p< .001,
np*=.31, thought manipulation F(1, 55)=21.33, p
< .001, np?=.28 and catastrophizing tendency F(1,
55)=4.22, p= .04, np2 =.07. Overall, negative mood rat-
ings were higher post-thought manipulation (M =5.02,
95% CI [4.54, 5.49]), relative to pre-thought manipulation
(M=3.58, 95% CI [3.07, 4.10]) (p< .01), in the defeat
group (M=5.23, 95% CI [4.65, 5.81]) relative to the neu-
tral group (M =3.37, 95% CI [2.81, 3.93]) (»p<.001), and
amongst high catastrophizers (M= 4.72, 95% CI [4.09,
5.34]) relative to low catastrophizers (M =3.89, 95% CI
[3.37, 4.40]) (p<.01).

Correlational Analyses

Pearson’s correlations (r) between changes in defeat, at-
tention, pain threshold, pain, pain anticipation and mood
ratings pre-post thought manipulation are presented in
Fig. 4. As can be seen, an increase in defeat rating was
found to be significantly correlated with an increase in
pain anticipation, negative mood, attention to thoughts,
as well as a decrease in positive mood. An increase in
pain rating was significantly correlated with an increase
in attention to thoughts, which negatively correlated with
attention to hand. An increase in pain anticipation was
significantly correlated with an increase in both attention
to thoughts and defeat ratings. Increases in pain rating
and pain anticipation, in turn, were correlated with each
other, whilst reductions in cold pain threshold were sig-
nificantly correlated with increases in attention to
surroundings.

Discussion
Summary of Main Findings

The current study was the first to experimentally evaluate
mental defeat’s effect on pain responses, representing a step-
change from the predominantly cross-sectional and correla-
tional mental defeat literature (Fishbain et al., 2014; Garcia-
Campayo et al., 2010; Hazeldine-Baker et al., 2018; Tang
et al., 2007; Tang et al., 2010, 2013; Tang & Crane, 2006).
Findings show that mental defeat can be successfully activated
using a personally tailored autobiographical memory task, the
results of which post-thought manipulation were independent
of pain catastrophizing. Subsequent increase in negative — and
decrease in positive — mood ratings suggest mood as a tenable
pathway through which mental defeat may operate. Reflecting
the well-established interrelationship between mood, attention
and pain, findings of this proof-of-concept also highlight the
importance of exploring attentional mechanisms in the expe-
rience of pain.

Mental Defeat Activation through Mood

Consistent with our first hypothesis, mental defeat activation
resulted in higher defeat ratings post-thought manipulation
compared to pre-thought manipulation in the majority (75%)
of pain-free participants randomly assigned to the defeat
group. In contrast, the neutral autobiographical memory task
significantly reduced defeat ratings in the neutral group. The
mean increase in defeat rating did not differ between partici-
pants with high or low pain catastrophizing tendency; infer-
ring independent cognitions are implicated in the manifesta-
tion of mental defeat.
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In line with our second hypothesis, activating mental defeat
also had a profound effect on mood. Participants in the defeat
condition reported an increase in negative mood and both
groups had a decrease in positive mood following the thought
manipulation. The effect was more robust for negative than
positive mood, which is not unexpected given that the defeat
thought manipulation specifically instructed the participants
to recall and relive a significant memory of personal defeat.
Reliving a defeating memory is naturally upsetting; it is a
common method shared by established mood induction pro-
cedures that aims to temporarily activate such states for testing
purposes (Carnes et al., 2013; Martin, 1990). There is a sub-
stantial body of research on the reciprocal link between de-
pression and pain, with pain being a significant physical and
psychological stressor that worsens mood and causes depres-
sive symptoms. Low mood, in turn, intensifies the pain expe-
rience and aggravates depressive thinking and behavior that
render daily pain management difficult (Arnow et al., 2006;
Bair, Robinson, Katon, & Kroenke, 2003; Banks & Kerns,
1996; Blackburn-Munro, 2004; Brown, 1990; Fishbain,
Cutler, Rosomoff, & Rosomoff, 1997; Romano & Turner,
1985; Von Korff & Simon, 1996). Resultant mood changes
from our thought manipulation procedure highlight this close
connection between cognition and emotion.

The current study used healthy, pain-free adults to evaluate
the isolated effect of mental defeat using a safe, well-validated
CPT showing effects on defeat ratings and mood. It is likely
that for patients with chronic pain, who generally show ele-
vated levels of mental defeat (Tang et al., 2007), the tailored
autobiographical memory task asking about defeat would bear
greater relevance and would exert a stronger effect on these
outcome measures. This raises implications for future research
aiming to use an autobiographical memory task as effective
means to induce mental defeat in patients with chronic pain
and assess its effects on health status.

Roles of Attention and Catastrophizing in
Experimental Pain

There were measurable changes in the participants’ attention
following thought manipulation. The findings highlight a pos-
sible attentional avenue through which mental defeat impacts
on pain rating. During the CPT, both thought manipulation
groups were associated with an overall decrease in attention to
hands (where the noxious stimulus was applied) post-thought
manipulation. This was accompanied by a significant increase
in attention to one’s own thoughts for both groups. It is pos-
sible that participants inferred pain based on their feelings/
thoughts instead of the actual experience in their hand. In
general, the defeat group paid more attention to their sur-
roundings compared to the neutral group. It is known that
shifting attention away from the nociceptive stimuli, may re-
sult in pain reduction (Legrain et al., 2009). These results
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suggest that participants might have been using attentional
disengagement from the stimulus site to one’s own thoughts
and surroundings as a possible coping strategy during the
CPT.

The overall pattern of results on pain outcome measures
contrasted our third hypothesis that activating a sense of men-
tal defeat would alter pain responses, as previously observed
in mice studies using social defeat models (Andre et al., 2005;
Kinsey et al., 2007; Marcinkiewcz et al., 2009). An increase in
defeat rating did correlate with an increase in pain anticipa-
tion, but not with an increase in pain rating or a decrease in
pain threshold. However, we cannot discount the possibility
that mental defeat could have a significant impact on pain
responses if a larger, clinical sample of patients with chronic
pain were tested instead. Indeed, the main effect of defeat
(p=.06) and time*thought manipulation interaction (p =.06)
for pain rating, as well as time*thought manipulation for pain
anticipation rating (p =.06) approached significance at the
p<.05 level in this study. Previous experimental work has
demonstrated that patients with chronic pain exhibit increased
attentional biases towards pain-related stimuli, enhanced se-
lective pain-related memory in self-referent conditions, and
autobiographical memory bias towards retrieving memories
incorporating elements of physical pain about the self
(Pincus & Morley, 2001). Thus, a personally tailored autobio-
graphical memory task could elicit a stronger sense of mental
defeat, and hence heightened pain responses, in patients who
have directly relevant defeating experiences compared to
pain-free controls, whose null findings in pain variables may
be due to a floor effect.

Whilst participants’ tendency to catastrophize about pain
accounted for some of the baseline differences seen in BMI,
BPI, anxiety, depression and pain catastrophizing levels across
groups, other effects were limited to a medium effect on negative
mood reports, with no significant effect on any of the pain out-
come measures. These findings are similar to previous literature
which postulates that catastrophizing tendency can impact men-
tal health parameters (Linton et al., 2011) as well as self-reported
levels of pain, wherein high catastrophizers tend to demonstrate a
propensity for salience of pain (Galambos et al., 2019), but the
results of this study demonstrate that these effects occur indepen-
dent of mental defeat. Pain catastrophizing is a psychological
construct that is well established in the field of chronic pain
and is a prominent component of the fear avoidance model that
seeks to understand the persistence of chronic pain and the asso-
ciated development of disuse, depression and disability (Sullivan
et al., 1995; Sullivan et al., 2001; Vlaeyen, Kole-Snijders,
Boeren, & Van Eek, 1995; Vlaeyen & Linton, 2012). In contrast
to a recent study showing a hyperalgesic effect of induced neg-
ative mood in migraine patients explained by pain
catastrophizing (Goli, Asghari, & Moradi, 2016), our findings
corroborate with previous experiments that show pain
catastrophizing (either at baseline or experimentally induced)
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does not seem to significantly affect pain responses in pain-free
adults (Campbell, Quartana, Buenaver, Haythornthwaite, &
Edwards, 2010; Dixon, Thorn, & Ward, 2004; Severeijns, van
den Hout, & Vlaeyen, 2005).

Study Limitations

Evaluating mental defeat’s causal effects is inherently difficult
due to understandable ethical concerns and the lack of
established defeat induction procedures. We used the activation
of mental defeat in pain-free adults as a cautious starting point,
but it also meant that the findings of this study might not nec-
essarily be extended to clinical samples. Further, the experi-
mental pain induction which took place in this study incurs a
lack of ecological validity - as painful sensations generated by
the CPT may have limited application outside experimental
pain. There is a predictability in experimental pain that is not
shared by clinical pain (Bialosky, Hirsh, Robinson, & George,
2008). The threat value and meaning carried by the experimen-
tal pain in this study is qualitatively different, in that partici-
pants were explicitly assured that there should be no lasting
resultant noxious effects and that they could stop the procedure
anytime, which is typically not possible with clinical pain. Due
to these differences and the potential lack of statistical power in
our analyses, it is essential for future studies to evaluate the
causal effect of mental defeat on mood and pain responses in
a larger clinical pain sample, using more ecologically valid
tasks. From the results of the current pilot, we do not know
the duration of the observed effects after the thought manipu-
lation, and as such it is recommended any future replications
involve a follow-up to observe such effects. Furthermore, given
mental defeat’s role in anxiety and depression, as well as their
comorbidities in chronic pain conditions, it would be pertinent
to consider their influence along with other plausible covariates
in future studies. Finally, although the mental victory thought
manipulation was used to offset the effect of activating defeat,
its impact on outcome measures was not assessed. Considering
past mood induction studies’ findings and the reduction of
defeat following the neutral memory recall, future replications
should include a mental victory condition and examine whether
reliving memories of personal triumph over pain could have
mood-lifting and pain-relieving effects.

Conclusions

In sum, this study is the first to explore the effects of mental
defeat on the immediate perception of pain in a pain-free pop-
ulation. Although we did not observe significant changes to
measured pain outcomes, we did observe significant changes
to ratings of mental defeat, mood and attention. Thus, future
research may explore mood as a potential pathway through
which mental defeat operates as well as attentional

mechanisms in larger pain-free and, most importantly, chronic
pain samples. This will help gain a more thorough understand-
ing of the response variation in chronic pain conditions.
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