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The relationship between behavioural and mood
responses to monetary rewards in a sample of
students with and without reported pain
Tanya Tandon 1✉, Katharina Ledermann1,2, Rashmi Gupta 3, Naser Morina2, Dany Laure Wadji1,

Mayron Piccolo1,4 & Chantal Martin-Soelch1

Pain impairs reward processing, and people suffering from physical pain are at high risk of

having a persistently low mood. Although individuals with chronic pain have reported reduced

reward responsiveness and impaired mood, it is not clear if reward responsiveness and mood

are impaired in samples with sub-clinical pain scores otherwise healthy. Investigating a sub-

clinical group is essential to disentangle the influence of medication on the behavioural effect

of reward on mood and performance. Here, we aimed to examine the effects of reward on

mood and performance in a sample of university students divided into a control group

without clinically significant pain symptoms (N= 40) and the sub-clinical group with sig-

nificant pain symptoms (N= 39). We used the Fribourg reward task and the pain sub-scale of

the Symptom Checklist (SCL-27-plus) to assess the physical symptoms of pain. A significant

positive correlation was found between average mood ratings and average monetary reward

in the control group (r38= 0.42, p= 0.008) and not significant in the sub-clinical group

(r37= 0.12, p= 0.46). The results might yield first insights into the relationship between pain

and reward in sub-clinical populations without the confound of medication.
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Introduction

In everyday life, a reward describes any event or object that can
produce a positive or pleasurable experience (White, 2011;
Gupta, 2019, for a review). Rewards effectively motivate people

(Murayama, 2019) and involved in learning processes (Hidi,
2016; Gupta et al., 2019).

Pain and reward have been shown to interact (Gandhi et al.,
2013). The interaction between reward and pain is conceptualized
in Field’s (2006) motivation-decision model. In this model, when
both pain and reward are presented simultaneously, the brain is
presented with a need to decide between pain or reward
depending upon the individual’s (homoeostatic) state and the
magnitude of the potential threats and rewards. The effect of pain
on reward processing has been confirmed experimentally in
humans (Becker et al., 2013). For example, individuals with
chronic pain reported a decreased response to environmental
incentives and reduced reward responsiveness to monetary
reward via self-report questionnaires (Liu et al., 2019). An
experimental study conducted using the Behaviour Inhibition
Scale/Behaviour Activation Scale to assess the reward drive and
reward responsiveness showed that reward responsiveness is
reduced in individuals with chronic pain (Turner et al., 2021).
Another study used a monetary incentive delay task and func-
tional magnetic resonance imaging on 17 female individuals with
fibromyalgia to understand the neural processing of reward in
chronic pain; this study showed that the individuals with chronic
pain reported lower arousal ratings and showed reduced medial
prefrontal cortex activity during monetary reward anticipation,
which is related to lower estimated reward, in comparison to
healthy controls (Martucci et al., 2018). The previous studies
indicate that pain impairs reward processing (Becker et al., 2012;
Gandhi et al., 2014).

Chronic pain is highly comorbid with mood disorders (Salazar
et al., 2013). People suffering from physical pain are at high risk of
having persistently low mood (Bair et al., 2003; Dersh et al., 2002).
Furthermore, while winning rewards such as money is associated
with increase in mood as evidenced in several studies using beha-
vioural reward tasks in healthy control samples (Piccolo et al., 2019;
Kalebasi et al., 2015; Martin-Soelch et al., 2009) an impaired mood
responsivity to reward has been shown in individuals with chronic
pain (Rizvi et al., 2021). For instance, a study conducted on indi-
viduals with chronic pain (N= 28) and healthy controls (N= 18)
using the Monetary Incentive Delay (MID) task reported reduced
neural responses to reward in the chronic pain group compared to
healthy controls in regions associated with the cerebral reward
system (Kim et al., 2020). Indeed, several studies support the pre-
sence of dysfunctional reward pathways in co-occurring pain and
mood alterations (Berger et al., 2014; Treadway and Zald, 2011),
suggesting reward processing could be a mechanism underlying the
relationship between pain and mood disorders (Garland, 2020;
Ledermann and Martin-Sölch 2018; Leknes and Tracey, 2008) and
increase in mood have been correlated to neural changes in regions
associated with the processing of reward (Martin‐Soelch et al., 2003).

Given the observed relationship between pain and reward
processing, it is interesting to further explore these interactions in
a population with sub-clinical pain. This would allow to disen-
tangle the influence of medication on the behavioural effect of
reward on mood and performance. Therefore, in the present
study, we investigated the relationship between behavioural and
mood responses to monetary rewards between subjects reporting
clinically significant pain symptoms (i.e., pain scores above the
clinical threshold) and a control group not reporting clinically
significant pain in everyday life. Based on the findings that pain-
related impairments in reward processing were evidenced in
clinical patients (Ledermann et al., 2017), we hypothesized that
participants with sub-clinical pain scores would display a

reduction of the effect of monetary reward on mood when
compared to the participants without any clinically significant
physical pain symptoms of pain. To test that, we used a validated
spatial delay task that had successfully differentiated mood
responses between sub-clinical and control samples in previous
studies (Kalebasi et al., 2015; Martin-Soelch et al., 2009). Since
monetary reward has been shown to have positive effects on
performance and self-reported mood in healthy participants
(Martin-Soelch et al., 2003, 2009), we expected a significant
association between momentary mood ratings defined as the
current subjective feeling of wellbeing (Martin-Soelch et al., 2009)
and monetary winnings in the control group. The reward task
was used to measure reward functioning (Gaillard et al., 2019).
We also investigated whether task difficulty influences the
interaction between mood, reward and performance, since pre-
vious studies (Martin-Soelch et al., 2009d) showed that task dif-
ficulty strongly affects reward processing. We included a task with
different levels of difficulty (low and high) in order to test the
relationship between reward, levels of difficulty, and performance.
We divided the participants into two groups (sub-clinical group;
participants with clinically significant pain symptoms and the
control group) as we aimed to replicate the effects of reward on
mood and performance and understand the associations of these
effects expressed in the two groups.

Methods
Participants. Participants were recruited through flyers at the
University in Switzerland. Each participant was screened for the
exclusion and inclusion criteria using a short structured clinical
screening based on the DSM-5 (American Psychiatric Association,
2013) criteria for the most frequent mental disorders. General
exclusion criteria included current or past depression and history of
psychiatric disorder as tested with the structured interview based on
the M.I.N.I (Sheehan et al., 1998), use of any psychopharmacological
medication and having a score ≥11 on the Hospital Anxiety and
Depression Scale (Bocéréan and Dupret, 2014). A total of 100 par-
ticipants were recruited in our study of whom 79 were included as 21
participants were excluded because they had a score≥ 11 at the
Hospital Anxiety and Depression scale (Bocéréan and Dupret, 2014)
in order to avoid an effect of significant anxiety symptoms on reward
as anxiety was shown to affect reward reaction (Mikita et al., 2016)
and is often associated with pain (Gravani et al., 2021). The 79
remaining participants were then divided into two groups: of sub-
clinical pain group and a control group. The criterion to be included
in the sub-clinical pain group was to have a score above the clinical
cut-off of 1.77 on the pain subscale based on the manual of Symptom
Checklist-27-plus (Hardt, 2008). The cut-off is the official cut-off
specified in the manual. The type of effect size used in our study is
Partial eta squared (η2p) that is estimated to be 0.027 on the basis of
the similar study by Kim et al. (2020) which investigated differences
in mood and behavioural responses to reward between chronic pain
patients and healthy controls using an ANOVA. We used the
recommendations formulated by Lakens (2013) to enter the para-
meters in G-Power using a partial eta squared (η2p) of 0.027 that led
to the estimated Cohen’s F value of 0.17. Using G-Power, the esti-
mated sample size needed would be 80 to have the actual power with
5% alpha error, 95% power, and p < 0.05 as the significance level for
the ANOVA with repeated measures and within-between interaction.

The study was approved by the internal review board (2017/IRB
334A) at the Department of Psychology at the University. The
participants were thoroughly informed about the study and gave
their written consent. All research was performed in accordance with
the Declaration of Helsinki. The privacy rights of participants were
always observed during our study.
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Of the 79 participants included in this study, all were bachelor
psychology students1 aged between 18 and 55 years (M= 23.98
years, SD= 6.98 years), 72 (91.1%) were women, and 82.2% were
native French speakers or spoke French fluently. Participants
were categorized into a group of 39 participants (37 women;
M= 24.5, SD= 9.17) who reported physical symptoms of pain
and a control group of 40 participants (35 women; M= 23.5,
SD= 3.88) with no clinically significant physical symptoms of
pain (shown in Table 1).

Procedure
Fribourg reward task. We used an adapted behavioural version of
the reward task (Martin-Soelch et al., 2009), Fribourg Reward
Task, to measure reaction times, accuracy, and mood reactions to
reward. Neuroimaging studies using this task have successfully
elicited neural activation in regions associated with the cerebral
reward system (Gaillard et al., 2019), including the striatum, a
crucial cerebral region for reward processing. The task was
programmed using E-Prime software (version 1.1.3, Psychology
Software Tools Inc., Pittsburg, PA, USA) and presented on a
high-resolution colour monitor. The monitor’s resolution was
1024 × 768 pixels, and the presentation of the stimuli was syn-
chronized with the refresh rate of the monitor. The display was
viewed from a distance of 50 cm. The experimental task was
presented in six block conditions, comprising of two levels of
difficulty (3 circles: low difficulty or 7 circles: high difficulty) and
three reward conditions (no reward, small reward and high
reward) and using a Latin-square design. The six block condi-
tions were: 3 circles (i.e. low difficulty) with no reward, 3 circles
(i.e. low difficulty) with small reward, 3 circles (i.e. low difficulty)
with high reward, 7 circles (i.e. high difficulty) with no reward, 7
circles (i.e. high difficulty) with small reward 7 circles (i.e. high
difficulty) with high reward. Each block conditions consisted of

12 trials each and the order of the blocks were pseudo-
randomized.

At the onset of each trial (see Fig. 1), a visual cue (1500 ms) was
presented (low difficulty: 3 circles; or high difficulty: 7 circles),
along with the monetary reward associated with performance (a
blank screen for no reward trials or “$$” for reward trials). After
the presentation of a fixation cross (500 ms), participants saw an
array of yellow circles (3 or 7 circles, 1500 ms). A fixation cross
(3000 ms) was presented before the visual target (1500 ms). The
visual target (a green circle) was displayed in any position on the
screen and signalled that the participant should decide as quickly
as possible whether this circle was in the same position as one of
the circles presented previously. After response execution and a
variable jittered interstimulus interval (ISI; 0 or 2000 ms), the
feedback screen (1000 ms) informed the participant of his or her
winnings (blank screen for no reward trials; “1 CHF” for high-
reward trials and “0.10 CHF” for small-reward trials), followed by
a feedback screen (1000 ms) indicating the cumulative amount of
earned money (reward trials) or a blank screen (no reward trials).
Correct responses were associated with monetary gains (“1 CHF”
for high-reward trials and “0.10 CHF” for small-reward trials) in
the reward condition. Correct responses were not associated with
monetary gains (0 CHF) in the no reward condition. The
monetary reward increased according to the difficulty of the task,
i.e., CHF 0.10 in the block with three circles vs. CHF 1 in the
block with seven circles. Each level of difficulty comprised 12
trials. We asked the participants to rate their momentary mood
using a visual analogue scale from 0 (bad mood)- 100 (good

mood). With smileys at the anchor points (0= );

(100= ). Only the schematic faces were seen by the

participants. The participants rated their momentary mood on a

Table 1 Participants’ sociodemographic characteristics and clinical scores (N= 79).

Sub-Clinical Group (N= 39) Control group (N= 40) Statistics

N (%) N (%) Test value Significance

Gender
Female 37(46.8%) 35(44.3%) χ2= 0.44 0.235
Male 2(0.025%) 5(0.06%)
Language
French 35 (89.7%) 30 (75%) t(64)= 2.35 0.189
Other 4(10.3%) 10 (25%)

Mean (SD) Mean (SD)
Age 24.5 (9.17) 23.5 (3.88) t(77)= 0.75 0.457
Psychometric measures Mean SD Min. Max. Mean SD Min. Max.
HADS (Anxiety) 12.33 4.56 0 20 12.25 5.75 0 19 t(73)= 0.368 0.714
SCL-27-plus
Socio-phobic symptoms

1.20 0.72 0 2.60 1.22 0.93 0 3.40 t(68)=0.363 0.718

SCL-27-plus - Vegetative symptoms 0.76 0.58 0 2.20 0.70 0.55 0 1.80 t(68)= 0.527 0.600
SCL-27-plus - Agoraphobic symptoms 0.38 0.48 0 1.75 0.34 0.48 0 1.75 t(68)= 0.247 0.807
SCL-27-plus - Depressive symptoms 0.47 0.48 0 2.80 0.49 0.59 0 1.80 t(73)=−1.73 0.863
SCL-27-plus - Pain symptoms 1.87 0.64 1.92 3.59 0.75 0.32 0.59 1.76 t(78)= 11.53 0.00 significant p < 0.01
Headaches 2.03 0.96 0 4 1.17 0.66 0 3
Chest Pains 0.97 1.01 0 4 0.31 0.53 0 2
Muscle Cramps 1.92 1.15 0 4 0.83 0.75 0 2
Muscle Pain/Sore Muscles 1.89 0.94 0 4 0.83 0.75 0 2
Pain in Arms or legs 1.28 0.86 0 4 0.31 0.53 0 2
Backaches 2.53 0.91 1 4 1.02 0.86 0 3
SCL-27-plus - Lifetime assessment for
depressive symptoms

1.3 0.33 1 2 1.23 0.33 1 2 t(73)= 0.958 0.342

This table demonstrates participants’ sociodemographic characteristics and the clinical scores of both the groups on different psychometric measures used in the study.
SCL-27-plus Symptom Checklist, HADS Hospital Anxiety and Depression Scale, Sub-Clinical Group participants with clinically significant pain symptoms, Control Group participants without clinically
significant pain symptoms.
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scale of 0–100 at baseline, at the beginning of the experimental
session, and before and after each block for a maximal duration of
20 s. Participants were informed that they would receive the total
sum in cash at the end of the scanning session. Participants
underwent a training phase before proceeding to the main task. A
criterion of 70% correct responses was chosen to prevent
arbitrary guessing and thereby verify understanding of the task
and ensure that participants would win similar amounts of
money.

Psychometric measures. Anxiety was measured using the Hos-
pital Anxiety and Depression scale (HADS; [Bocéréan and Dupret,
2014; Zigmond and Snaith, 1983]). This is a self-rating scale that
consists of 14 items: 7 items measuring symptoms of depression
and 7 items measuring symptoms of anxiety. Each item is coded
from 0 to 3, yielding a score between 0 and 21 for each scale. This
scale was used only for the selection of the participants. In our
study, we used only 7 items to measure the symptoms of anxiety
for screening purposes. Participants with any symptoms of anxiety
(score ≥ 11) were excluded from the study.

Measures of pain. The Symptom Checklist (SCL-27-plus; Hardt,
2008) is a multidimensional assessment instrument for mental
health status (Kuss et al., 2017). With 27 items rated on a 5-point
Likert-type scale, it consists of five dimensions: depressive, vegeta-
tive, agoraphobic, social phobia and pain symptoms, and a global
severity index. A lifetime assessment of depressive symptoms and a

screening question for suicidality are also included. Previous studies
reported significant pain symptoms in university students using the
SCL-27 (Conley et al., 2017; Recabarren et al., 2019).

Participants rated the following pain symptoms: headaches,
chest pain, muscle cramps, muscle aches, arm/leg pain, and lower
back pain for 0 “never” to 4 “very often” on a pain subscale
depending on how often these symptoms occur in general. A
value of “0” stood for never, “1” stood for 1-2 days, “2” for
3–7 days, “3” for 8–12 days, and “4” for 13–14 days. A score ≥1.77
indicates physical symptoms of pain according SCL-27 (Hardt,
2008). The Cronbach’s alpha coefficient in this study was 0.73.

Data analysis. Analyses were calculated using IBM SPSS Inc. 25.
The normality tests were performed, and the data were found to be
normally distributed using Shapiro–Wilk Test W (79)= 0.98,
p= 0.75. Baseline mood ratings were compared among the groups
using a one-way ANOVA. As we did not find any significant group
differences at baseline, these ratings were not included into the
further analyses of mood as proposed in Martin-Soelch et al., (2009)
results. We also performed exploratory analyses comparing the
mean mood ratings between groups in the no reward conditions to
test the specificity of our results. In order to test the influence of
reward on mood in participants in the sub-clinical pain group and
in the control group, a repeated-measures ANOVA was conducted,
using mood as the dependent variable, with the following factors:
groups (with pain symptoms and without clinically significant pain
symptoms) as a between group factor, reward conditions (no, low,
and high), and levels of difficulty (low and high) as within group
factors. Two additional mixed ANOVAs using the same factors
were applied using response accuracy and reaction time as the
dependent variables with the same factors to test the effect of
reward on performance and to compare the possible performance
differences between the two groups of participants.

In addition, we postulated that there would be significant
positive correlation between mood ratings and monetary gains in
the rewarded conditions in the control group, but not in the sub-
clinical group. To test this hypothesis, Pearson product–moment
correlation between average mood scores and average monetary
wins over all reward conditions was performed in each group of
subjects separately according to the similar studies done
previously (Kalebasi et al., 2015; Martin-Soelch et al., 2009). To
adjust for the multiple comparisons, a Bonferroni correction was
implemented. Only p-values < 0.025 (0.05/2) were deemed
significant. Additional explorative correlations were performed
between the mean mood scores and the response accuracy for
each condition separately. The corrected p-value for these
explorative analyses was 0.013 (0.05/4).

Results
Reward and mood. Average mood scores in the reward and no
reward condition are summarized in Table 2. Baseline mood
scores were 74.27 ± 20.90 (mean ± SD) for the control group and
73.66 ± 14.44 for the sub-clinical pain group. The results of the
one-way ANOVA showed no significant difference in mood
between groups at the baseline (F1,79= 2.09, p= 0.13). We also
performed exploratory analyses comparing the mean mood rat-
ings between groups and the no reward conditions and no sig-
nificant differences were found (F10,68= 0.309, p= 0.998). The
results of the repeated-measures ANOVA of mood showed no
significant interaction effect between groups and levels of diffi-
culty (F1,77= 0.056, MSE= 0.798, p= 0.81, η2p= 0.001). A sig-
nificant main effect was seen only for the factor of reward
(F2,154= 4.159, MSE= 93.48, p= 0.004 significant at 0.01,
η2p= 0.05). Participants reported higher mood scores in response
to high reward (M= 75.80, SD= 17.98) compared to small

Fig. 1 Schematic representation of a trial of the Fribourg Reward Task at
low level of difficulty (3 circles). This figure shows the schematic
representation of a trial of the reward task at low level of difficulty
(3 circles). In the first display, an array of yellow circles (3 or 7) was
presented for 2000ms after a fixation time of 500ms. After a delay of
3000ms, a green circle appeared, and the subject had 1500ms to decide
whether the position of the green circle was the same as that of one of the
preceding yellow circles. If so, the correct response for participants was to
press a button with their right hand. If not, the participants had to press a
button with their left hand. After the response time had elapsed, the circle
disappeared, and the accumulated amount of money earned appeared on
the screen in the reward condition or nothing is shown on the screen in the
no reward condition. The reward task also comprised of two levels of
difficulty determined by the number of the circles to remember (low; 3 and
high; 7). During the reward condition, the participants should earn a
monetary reward for every correct response and the reward increased
according to the difficulty of the task.
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reward (M= 74.33, SD= 17.68). No significant main effect was
seen for difficulty (F1,77= 3.477, MSE= 49.86, p= 0.027,
η2p= 0.043), groups (F1,77= 0.447, MSE= 856.632, p= 0.5,
η2p= 0.006), for the interactions between difficulty and reward
(F2,154= 0.25, MSE= 6.57, p= 0.78, η2p= 0.003), between
groups and reward (F2,154= 1.453, MSE= 32.655, p= 0.24,
η2p= 0.019) nor between difficulty, groups and reward
(F2,154= 0.587, MSE= 15.45, p= 0.56, η2p= 0.008).

Correlations between mood and reward. In the control group, a
significant positive correlation was found between average mood
scores and average monetary wins across conditions (r38= 0.42,
p= 0.008, Bonferroni-corrected). However, in the sub-clinical
group, no significant correlation was found between average
mood scores and average monetary wins across conditions
(r37= 0.12, p= 0.46, Bonferroni-corrected) (shown in Fig. 2).

Reward and performance. Results for accuracy of responses for
each level of difficulty are summarized in Table 3.

The mixed ANOVA of accuracy showed no significant effect
for the interaction between groups and levels of difficulty

(F1,77= 2.092, MSE= 0.023, p= 0.15, η2p= 0.026). A significant
main effect was seen for the factor of reward (F2,154= 153.261,
MSE= 1.98, p= 0.00 significant at 0.01, η2p= 0.666). Perfor-
mance was significantly more accurate in the high reward
condition (M= 0.91, SD= 0.09) compared to the small reward
condition (M= 0.67, SD= 0.17). There was also a significant
main effect seen for the factor of difficulty (F1,77= 76.90,
MSE= 0.846, p= 0.003 significant at 0.01, η2p= 0.500), with
higher accuracy in the low difficulty level (M= 0.91, SD= 0.86)
than in the high difficulty level (M= 0.67, SD= 0.14). No
significant main effect was seen for groups (F1,77= 0.229,
MSE= 0.009, p= 0.633, η2p= 0.003). A significant effect was
seen for the interaction between difficulty and reward
(F2,154= 43.534, MSE= 0.541, p= 0.008 significant at 0.01,
η2p= 0.361) but not for the interaction between groups and
reward (F2,154= 0.416, MSE= 0.005, p= 0.66, η2p= 0.005) or
between difficulty, groups and reward (F2,154= 0.075,
MSE= 0.001, p= 0.93, η2p= 0.001).

The mixed ANOVA of reaction time showed no significant effect
for the interaction between groups and levels of difficulty
(F1,77= 0.749, MSE= 3.549E+ 10, p= 0.39, η2p= 0.010), factor of
reward (F2,154= 0.007, MSE= 286,757,154, p= 0.99, η2p= 0.000),

Table 2 Means and standard errors for mood scores in the
reward and no reward conditions for each level of difficulty
of the task.

Group N Difficulty
(number
of circles)

Reward conditions No reward
conditions

Small High

Sub-
Clinical

39 3 73.11 ± 2.69 74.92 ± 2.48 72.17 ± 3.12
7 73.07 ± 2.56 72.37 ± 2.61 72.5 ± 2.60

Control 40 3 76.23 ± 2.93 76.66 ± 3.20 76.43 ± 3.07
7 74.9 ± 3.24 75.51 ± 3.13 74.55 ± 3.18

This table demonstrates the scores of both the groups. The sub-clinical group showed lower
mood scores than the control group at both levels of difficulty (low and high) of the reward
conditions (small and high).

Fig. 2 Correlations between the mean mood scores and the amount of monetary reward received. The following different figures demonstrate the
correlations between the mean mood scores and the amount of monetary reward received during the two levels of difficulty (high and low). The value of
the y-axis shows the sum win (in CHF) obtained by adding the monetary wins over all reward conditions with high and low difficulty. The subjects as
represented as dots (•). a Correlation between mean mood scores and the amount of monetary reward received in the control group without clinically
significant pain symptoms of pain (N= 40). The results indicate that there was a significant positive correlation found (r38= 0.42, p= 0.008).
b Correlation between mean mood scores and the amount of monetary reward received in the sub-clinical group with the symptoms of pain (N= 39). The
results indicate that there was no significant correlation found (r37= 0.12, p= 0.46).

Table 3 Means and standard errors for accuracy of
responses in the reward and no reward conditions for each
level of difficulty of the task.

Group N Difficulty
(number
of circles)

Reward conditions No reward
conditions

Small High

Sub-
clinical

39 3 0.88 ± 0.017 0.92 ± 0.012 0.89 ± 0.016
7 0.68 ± 0.021 0.66 ± 0.20 0.66 ± 0.027

Control 40 3 0.89 ± 0.018 0.90 ± 0.015 0.89 ± 0.018
7 0.69 ± 0.022 0.69 ± 0.023 0.68 ± 0.026

Accuracy is measured as the number of correct responses, with a maximum of 12 correct
responses for each trial. No significant results were found in all comparisons between the
reward and the no reward conditions in both group of subjects.
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factor of difficulty (F1,77= 0.874, MSE= 4.136E+ 10, p= 0.87,
η2p= 0.011), groups (F1,77= 2.32, MSE= 2.491E+ 10, p= 0.13,
η2p= 0.029) nor for the interaction between difficulty and reward
(F2,154= 1.750, MSE= 6.549E+ 10, p= 0.178, η2p= 0.022), groups
and reward (F2,154= 0.565, MSE= 2.386E+ 10, p= 0.57,
η2p= 0.007) nor between difficulty, groups and reward
(F2,154= 0.206, MSE= 7.708E+ 9, p= 0.81, η2p= 0.003) reached
the significance.

Correlations between mood and response accuracy. Additional
explorative correlations were performed between mean mood
scores and response accuracy found significant positive correla-
tions in the control group during the condition with the high level
of difficulty (r38= 0.32, p= 0.04) but was no more significant
after Bonferroni correction was applied for four comparisons,
p < 0.013. During the condition with the low level of difficulty no
significant correlation was found (r38=−0.03, p= 0.84). In the
sub-clinical pain group, no significant positive correlations were
found during the condition with the high level of difficulty
(r37= 0.03, p= 0.88) and with the low level of difficulty
(r37= 0.08, p= 0.64).

Discussion
The main aim of the present study was to investigate the
relationship between behavioural and mood responses to
monetary rewards between a sub-clinical group reporting
clinically significant physical pain symptoms and a control
group without any clinically significant physical pain symp-
toms in everyday life. We hypothesized that the sub-clinical
group would show a reduction in the effect of a monetary
reward on mood ratings compared to the control group. We
used the Fribourg Reward Task (Martin-Soelch et al., 2009),
including two levels of difficulty and three reward conditions,
in order to test the relationship between monetary reward,
mood scores, and performance in the two groups. We also
investigated the influence of task difficulty on mood, reward
and performance.

Interestingly in the present study, 49% of the university
students tested reported high levels of physical symptoms of
pain which is in line with a previous study in a similar sample
of students (Recabarren et al., 2019). One of the reasons for
this high prevalence of pain symptoms could be that the
university students are prone to inactivity for long period of
time which is characterized by prolonged sitting (Felez-
Nobrega et al., 2018).

With regard to our hypothesis that the effect of reward on
mood and performance would be reduced in participants with
sub-clinical pain, our ANOVA results did not show any sig-
nificant interaction between monetary wins, levels of difficulty
and groups neither for mood scores nor for the outcomes
related to performance, i.e., response accuracy and reaction
time. These results suggest that the significant interaction
reported by several studies (Navratilova et al., 2016; Loggia
et al., 2014; Seixas et al., 2016) in relation to pain and reward
might be mostly related to individuals with chronic pain and
these associations are not seen in the sub-clinical population.
The significant interaction between reward and levels of dif-
ficulty for the outcomes related to performance replicate
previous findings obtained with this task (Gaillard et al.,
2019).

Our results showed a significant positive correlation
between mood ratings and monetary wins in the control
group, but not significant in the sub-clinical group in agree-
ment with our hypothesis. These results suggest that there is a
reduced association between monetary reward and mood in

the sub-clinical group. This is in agreement with previous
studies conducted on students with chronic pain that found
reduced reward functioning and mood responses as compared
to the healthy controls (Berger et al., 2014) as well as with
findings obtained in chronic pain patients (Treadway and
Zald, 2011). To our knowledge, these results are the first to
suggest that changes in the reward-pain interaction can be
identified in sub-clinical pain population, and therefore pro-
vide information about the effect of pain on the processing of
reward without the limitation of medication and treatment. In
addition, our finding of a blunted association between mood
and reward in a sub-clinical population might yield first
insights to develop preventive intervention. In that context, a
former study showed that a stress prevention in University
students could significantly reduce self-reported pain symp-
toms for instance (Recabarren et al., 2019). It could be also
beneficial to test in future studies the preventive effect of
interventions that showed a bettering of reward mechanisms
in chronic pain patients, such as Mindfulness-Oriented
Recovery Enhancement (MORE) training for instance
(Garland, 2020) in university students reporting significant
pain symptoms.

Limitations. Some limitations merit attention. First, the
measurement of pain based only on the Symptom Checklist-
27-plus (Hardt, 2008) is certainly a limitation of the present
study and the use of self-report instruments can lead to
memory bias and greater subjectivity in the responses. Espe-
cially, the length of our online questionnaires may have led to
less accurate answers due to fatigue, even though the partici-
pants could take breaks. Second, the sample consisted mainly
of female students from the university, which limits the gen-
eralization of our results. Students had an additional moti-
vation factor for their participation: they could receive
experimental points instead of financial reimbursement in
order to meet the requirements of their bachelor studies.

In conclusion, our findings provide very promising evidence of
the interaction between pain and reward, and that its effects can
also be found in a sub-clinical population. The investigation of a
sub-clinical population might help to disentangle the complex
relationship between pain and reward without the limitation of
medication, treatment, adaptation to pain and comorbidities
associated with the investigation of participants with chronic
pain. This relationship in a sub-clinical population provides first
insight into the development of preventive interventions. More
research is needed to study the pain–reward interaction in healthy
participants with sub-clinical pain symptoms and the continuum
between sub-clinical and clinical pain.

Data availability
The datasets analysed during the current study are deposited in
Dataverse repository (https://doi.org/10.7910/DVN/FFHIIB).
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Note
1 The participants studying psychology were given experimental points as compensation
as part of their bachelor’s curriculum.
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