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Gray’s Reinforcement Sensitivity Theory postulates two distinct neurophysiological

systems that underlie thoughts, emotions, and behavior: the Behavioral Inhibition System

(BIS) and the Behavioral Approach System (BAS). Preliminary research suggests that

both systems may play relevant roles in the adjustment of individuals with chronic pain.

However, there is a lack of research on the extent to which emotional regulation (i.e.,

cognitive reappraisal and expressive suppression) mediates the associations between

BIS and BAS activation and emotional responses in individuals with chronic pain. The aim

of this study was to test a model of the associations between the BIS and BAS, cognitive

reappraisal and expressive suppression, and positive and negative affect in individuals

with chronic musculoskeletal pain. In total, 516 participants were interviewed. Structural

Equation Modeling was used to estimate the associations between variables. The

empirical model showed a good fit to the data (χ2/df= 1.95; RMSEA= 0.04; GFI= 0.99;

AGFI= 0.98; CFI= 0.99). The hypothesized model received partial support. The BIS was

associated with cognitive reappraisal and expressive suppression; cognitive reappraisal

was associated with negative and positive affect; expressive suppression was positively

associated with affect; and the BAS was not associated with the emotional regulation

strategies assessed. However, the BIS and BAS were both directly associated with

negative and positive affect. The results suggest that individuals with chronic pain with

higher BIS activation appear to use greater expressive suppression. Cognitive reappraisal

strongly mediated the BIS-negative affect association. The results also suggest that

BAS activation may have a weak or inconsistent association with emotional regulation

approaches in individuals with chronic pain. These data provide new and relevant

information on the potential role of the BIS and BAS as predictors of psychological

functioning in individuals with chronic pain. They suggest that the BIS-BAS model of

chronic pain may need to be modified to take into account the potential negative effects

of BAS activation. The findings suggest that treatments for emotional regulation could

potentially reduce the negative impact of chronic pain via BIS.

Keywords: behavioral inhibition system, behavioral activation system, chronic pain, emotional regulation,
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INTRODUCTION

Chronic pain has been defined as pain that lasts or recurs
for more than 3 months beyond the normal recovery time
(1). Estimates suggest that 20% of individuals experience pain
worldwide (2). In Spain, prevalence is 17% (75% women) (3).
Chronic pain is a complex phenomenon that is known to have
a negative impact on physical (4, 5) and psychological function
(6). Individuals with chronic pain are more likely to report more
fear (7), anxiety (8), depressive symptoms (9), and negative mood
in general (10) than those without this condition. They are also
more likely to report having more posttraumatic stress disorder
symptoms (11).

Self-regulation may be especially challenging for individuals
with chronic pain because of the association between pain and
negative emotion (12). Thus, the negative emotional responses
associated with chronic pain may be at least partially associated
with difficulties in emotional self-regulation. The ability to
regulate emotional experience may contribute to understanding
individual differences in the emotion-pain relationship (13).
Emotional regulation is a relatively new construct in the chronic
pain literature and has been conceptualized as a process by which
individuals influence the kind of emotions they have, when they
have them, how they experience them, and how they express
them (14). Gross (15) has distinguished two emotion regulation
strategies: cognitive reappraisal and expressive suppression.
Cognitive reappraisal involves anticipating an emotion by
evaluating one’s thoughts, and then regulating those thoughts in
order to experience a preferred emotion. Expressive suppression
involves attempts to suppress negative emotions after they
have already occurred. Individuals who use reappraisal tend to
experience increased positive emotion and decreased negative
emotion, whereas individuals who use suppression experience
decreased positive emotion and increased negative emotion (16).
Thus, the former strategy is viewed as an adaptive emotion
regulation strategy and the latter as maladaptive.

A recent systematic literature review (17) described the results
of empirical studies on the association between chronic pain
and emotional regulation. Most of the studies found indirect
associations between emotional regulation and pain that were
mediated by psychological factors such as anxiety or negative
mood. The results suggested that cognitive reappraisal and
expressive suppression do not directly influence the level of
pain, whereas expressive suppression negatively impacts anxiety
and depression (18), increases catastrophic thinking (19), and
worsens daily functioning (20). Based on these results, Koechlin
et al. (17) suggested that emotional regulation should be included
in theoretical models and in the psychological treatment of
chronic pain.

It has been proposed that other factors should be included
in psychological explanatory models of chronic pain, such as
the Behavioral Inhibition System (BIS) and the Behavioral
Approach System (BAS) (21), which have been postulated as
neurophysiological systems in Gray’s Reinforcement Sensitivity
Theory (22, 23). This theory could potentially help to
understand the role played by emotions and emotional regulation
in adjustment to chronic pain, because these systems are

hypothesized to underlie the thoughts, emotions, personality
factors, and emotional responses associated with approach
and avoidance behaviors (24). It has been hypothesized that
the BIS becomes activated in the presence of cues that are
associated with the likelihood of punishment and BAS in
presence of cues associated with reward. BIS activation then
facilitates negative emotions and other responses, such as
fear, thoughts of impending doom, and catastrophizing, While
BAS activation facilitates impulsivity, hope, joy, and optimism.
BIS responses lead to behaviors which decrease the chance
of potential punishment (i.e., avoidance behavior) and BAS
responses increase the chance of potential reward (i.e., approach
behaviors).

Individuals vary in their general trait tendencies in relation to
the two systems becoming activated (25), which could explain
differences in emotional experience. For example, high BIS
activation scores have been shown to predict negative affect (26)
and high BAS activation has shown to be related to positive affect
(27). Even though there is increasing evidence in support of the
association between BIS-BAS and emotional responses, relatively
little is known about the processes underlying these effects. It has
been hypothesized that BIS and BAS activation could influence
emotional responses by affecting emotion regulation strategies.

Consistent with this idea, a positive association has been
found between trait BIS activation and emotion regulation
difficulties (28). Emotion regulation difficulties have also been
shown to mediate the association between BIS sensitivity and
anxiety and depression (29). Izadpanah et al. (30) conducted
a 5-year longitudinal study in adolescents, finding that BIS
activation assessed at a given point in time predicted subsequent
maladaptive emotional regulation and anxiety symptoms, and
that maladaptive emotional regulation strategies mediated the
relationship between BIS and future anxiety. On the other hand,
the relationship between the BAS and emotional regulation
strategies is less clear. It has been shown that BAS activation
predicts subsequent levels of adaptive cognitive emotion
regulation strategies (30). However, weak negative associations
have also been found between measures of BAS activation and
emotional dysregulation (29). Research has suggested that the
mediating role of adaptive emotional regulation strategies in
the association between BAS activation and emotional responses
may be weaker than that of maladaptive emotional regulation
strategies (28).

Within the field of chronic pain research, there is a small but
growing body of evidence in support of the BIS and BAS having a
role in adjustment to this condition. For example, Jensen et al.
(31) found an association between higher trait BIS and lower
trait BAS scores and a greater frequency of severe headaches.
In addition, patients with chronic pain who had higher BIS
scores also had more depressive symptoms (32). A positive
association has also been shown between BIS activation and pain
catastrophizing in a sample of adolescents (33). Elvemo et al.
(34) found that individuals with chronic pain tend to have lower
hedonic responses to rewards than those without chronic pain.
This finding suggests that there is a negative association between
pain and BAS activation, which is also consistent with a BIS-BAS
model of chronic pain (21). However, we found no study on the
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association between BIS and BAS and emotional regulation in
patients with this condition. To date, no study has assessed the
extent to which adaptive and maladaptive emotional regulation
mediates the associations between BIS and BAS activation and
emotional responses in individuals with chronic pain. Thus, if
it could be shown that emotional regulation strategies mediate
the impact of trait BIS and/or BAS on emotional responses in
individuals with chronic pain, then this information could be
included in the development and application of treatments which
alter emotion regulation skills, thereby enhancing the benefits
of the BAS or buffering the negative impact of the BIS on
psychological functioning in individuals with chronic pain.

Given these considerations, the aim of the present study
was to better understand the association between BIS and
BAS activation and emotional adjustment in individuals with
chronic musculoskeletal pain, and the extent to which BIS
and BAS activation could influence emotional adjustment by
affecting emotional regulation strategies. We address two types
of emotion regulation: cognitive reappraisal and expressive
suppression (15). We hypothesized that increased BIS activation
would be associated with increased negative affect, and that
this effect would be at least partially mediated by the positive
association between the BIS and emotional suppression. We also
hypothesized that BAS activation would be positively associated
with positive affect, and that this effect would be at least partially
mediated by the association between the BAS and emotional
reappraisal. However, previous research on the BIS, BAS, and
affect have shown stronger associations between the BIS and
emotional regulation strategies than between BAS and these
strategies [e.g., (28, 29)]. Thus, we predicted that the mediating
role of suppression on the association between trait BIS and
negative affect would be stronger than the mediating role of
reappraisal on the association between trait BAS and positive
affect. Figure 1 illustrates the study hypotheses.

METHODS

Participants and Procedures
The study sample comprised 516 individuals with chronic
musculoskeletal pain who met the following inclusion criteria:
(1) age, 18 to 65 years; (2) no significant health or psychological
problems other than chronic pain (i.e., pain persisting for at

least 3 months that is experienced at least 5 or more days per
week); and (3) an average pain intensity score of 3 or more on
a scale ranging from 0 to 10. A total of 351 participants and
165 participants were recruited from the pain unit of a general
hospital and from three fibromyalgia associations, respectively.
All participants provided signed informed consent prior to
data collection. This study was conducted according to the
recommendations of the Comité de Ética del Hospital Regional
Universitario de Málaga (Spain), which also approved the study
protocol. All participants gave written informed consent in
accordance with the Declaration of Helsinki.

Measures
Each participant completed a battery of questionnaires that
were administered in the same order by a psychologist
using a semi-structured interview format that lasted about
1.5 h.

Demographic and Pain History Information
All participants were asked to provide information on age,
sex, marital status, highest educational level completed, and
employment status. They also provided information on pain
duration and frequency.

Characteristic Pain Intensity
Current, highest, lowest, and average pain intensity over the last
2 weeks was assessed using a rating scale that ranged from 0
(“No pain”) to 10 (“Worst pain”). A mean of these four ratings
provided a single composite score of characteristic pain intensity
(35).

Trait BIS and BAS Activation
Trait BIS and BAS activation was assessed using the 20-
item Sensitivity to Punishment and Sensitivity to Reward
Questionnaire [SPSRQ-20; (36)]. The Spanish version of this
instrument has two 10-item sub-scales that assess BIS and
BAS activity. Participants respond to each item by providing a
dichotomous response (“Yes” or “No”). Example BAS and BIS
activation items are “Do you like to put competitive ingredients
in all of your activities?” and “Are you often afraid of new or
unexpected situations?,” respectively. The internal consistency of

FIGURE 1 | Graphic representation of the study hypotheses.

Frontiers in Psychiatry | www.frontiersin.org 3 September 2018 | Volume 9 | Article 394

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Serrano-Ibáñez et al. BIS and BAS Activation in Chronic Pain

the BAS and BIS scales was good (Cronbach’s alpha = 0.81) and
excellent (Cronbach’s alpha= 0.90), respectively.

Emotional Regulation
We used the Spanish version (37) of the 10-item Emotional
Regulation Questionnaire [ERQ; (16)] to assess two emotional
regulation strategies: (1) cognitive reappraisal (i.e., modifying the
emotional impact of the situation by changing thoughts); and
(2) expressive suppression (i.e., inhibiting emotional expression
once the emotion has occurred). Example cognitive reappraisal
and expressive suppression items are “I control my emotions
by changing the way I think about the situation I am in” and
“When I am feeling negative emotions, I make sure not to express
them,” respectively. The cognitive reappraisal scale had excellent
internal consistency (Cronbach’s alpha= 0.93) and the expressive
suppression scale had good internal consistency (Cronbach’s
alpha= 0.80).

Positive and Negative Affect
The 20-item Spanish version (38) of the Positive Affect and
Negative Affect Schedule [PANAS; (39)] was used to assess
positive and negative affect. Positive affect reflects the extent to
which a person feels positive emotion; it is a state of high energy,
full concentration, and pleasurable engagement (examples of
items are “excited” or “active”). Negative affect reflects the
extent to which a person feels negative emotions; it is a general
dimension of subjective distress and unpleasurable engagement
(examples of items are “distressed” or “scared”). The internal
consistency of the positive and negative affect scales was excellent
(Cronbach’s alpha = 0.92) and good (Cronbach’s alpha = 0.88),
respectively.

Statistical Analyses
First, we calculated themeans, standard deviations, and Pearson’s
correlations (i.e., descriptive statistics) of the study variables.
Next, we tested the assumptions underlying the data (i.e.,
normality, homoscedasticity, and multicollinearity). Finally,
we tested the hypothetical model (Figure 1) using structural
equation modeling (SEM). All analyses were conducted using
the maximum likelihood estimation method. Model fit was
determined by analyzing convergence between several goodness-
of-fit indexes (40). The first index used was the Satorra-Bentler
chi-square, which adjusts the statistic under distributional
violations (41). This statistic is divided by the degrees of freedom
to reduce the sensitivity of chi-square to sample size; a value
between 0 and 3 indicates that the model has an acceptable
fit (42). The second index used was the root mean square
error approximation (RMSEA). This index reflects the difference
between actual covariance matrices and is fitted with correction
for the number of parameters; values adjacent to zero indicate
a very good fit and values less than 0.06 indicate a good fit.
The next indexes used were the goodness-of-fit index (GFI),
which calculates the proportion of variance that is accounted
for by the estimated population covariance, and the adjusted
goodness of fit index (AGFI), which corrects the GFI based upon
degrees of freedom, withmore saturatedmodels reducing fit (43).
Both indexes can range from 0 (absence of fit) to 1 (perfect

fit) and values equal to or more than 0.90 indicate well-fitting
models. Finally, we computed a comparative fit index (CFI),
which compares the hypothesized model with the null model.
The indexes can range from 0 (null fit) to 1 (perfect fit). Values
greater than 0.90 indicate a good fit. Based on the modification
indexes, changes to themodel weremade in order to improve fit if
they were needed and appropriate (i.e., to only make changes that
were theoretically warranted). Statistical analyses were conducted
using the SPSS (Windows version 22.0, SPSS Inc., Chicago, IL)
and AMOS Graphics (version 22.0; Small Waters Corp., Chicago,
IL) software packages.

RESULTS

Sample Characteristics
The sample comprised 390 women (76%) and 126 men (24%).
Mean age was 52 years (SD = 9.27). A total of 168 participants
(33%) reported a diagnosis of low back pain, 165 (32%) reported
fibromyalgia, 102 (20%) reported limb pain, and 81 (15%)
reported a diagnosis of other musculoskeletal pain problems.
The participants reported a mean pain duration of 12.82 years
(SD = 18.08) and a mean pain intensity of 6.40 (SD = 1.52) on
a scale ranging from 0 to 10. The average time with pain was
6.92 days per week (SD = 1.10). Table 1 shows the demographic
characteristics of the participants.

Descriptive Analyses and Correlations
Between Variables
Table 2 shows the means, standard deviations, and correlations
between the study variables. All zero-order associations were
statistically significant, except for the associations between BAS
and expressive suppression (r = −0.02, ns) and BAS and

TABLE 1 | Description of the Study Sample (N = 253).

Variable Percentage(N)

MARITAL STATUS

Single 9 (47)

Married 62 (321)

Cohabiting 9 (44)

Divorced 15 (81)

Widowed 5 (23)

HIGHEST LEVEL OF EDUCATION COMPLETED*

Fewer than 6 years of education 15 (76)

Primary education 40 (205)

Secondary education 33 (170)

High school 12 (61)

EMPLOYMENT STATUS

Working full- or part-time 37 (192)

Homemaker 16 (81)

Unemployed 21 (106)

Retired 25 (132)

Student 1 (5)

*Missing values in highest level of education completed (n = 4).
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TABLE 2 | Means, Standard Deviations, and Correlations Between the Study

Variables.

Variables Mean (SD) 1 2 3 4 5

1. BIS (SPSRQ-20) 18.92 (7.65) –

2. BAS

(SPSRQ-20)

13.50 (4.17) 0.25** –

3. Cognitive

reappraisal (ERQ)

26.36 (8.57) −0.49** −0.10* –

4. Expressive

suppression (ERQ)

17.84 (5.64) 0.18** −0.02 −0.09* –

5. Positive affect

(PANAS)

30.12 (8.72) −0.48** 0.03 0.54** −0.17** –

6. Negative affect

(PANAS)

25.19 (8.18) 0.54** 0.24** −0.51** 0.19** −0.51**

SPSRQ-20, 20-item Sensitivity to Punishment and Sensitivity to Reward Questionnaire;

ERQ, Emotional Regulation Questionnaire; PANAS, Positive Affect and Negative Affect

Schedule.

*P < 0.05; **P < 0.01

positive affect (r = 0.03, ns). An unexpected weak-to-moderate
association was found between BAS and negative affect (r = 0.24,
p < 0.01).

Assumptions Testing
In general, all the study variables had normal distributions,
with skewness (−0.44 to 0.90) and kurtosis (−0.73 to 2.53)
being below the standard cutoff of 3 (44). Correlations between
variables did not indicate multicollinearity (43).

Evaluation of the Measurement and
Structural Models
The structural equation analysis showed an inadequate fit
between the data and the hypothesized model (see Table 3). The
modification indexes suggested some possible adjustments that
could improve the model fit. We therefore altered the initial
model according to these indications. First, we allowed a path
between BIS and cognitive reappraisal. We also eliminated the
direct path between BAS and cognitive reappraisal because it was
non-significant (β = 0.06; p = 0.440). We then allowed a path
between cognitive reappraisal and negative affect and added a
covariance term between the error terms of negative and positive
affect. Finally, we allowed BIS to be associated with positive affect
and BAS with negative affect. The empirical model showed a
good fit to the data [χ2 (df = 4, N = 516) = 7.81, p = 0.099;
RMSEA= 0.04; GFI= 0.98; AGFI= 0.98; CFI= 0.99]. Figure 2
shows the final model, the standardized coefficients of each path,
and the R2 values associated with each variable.

Based on the final model, the BIS yielded four statistically
significant path coefficients. There was a direct path from the BIS
to both negative affect and positive affect, with higher levels of BIS
associated with higher levels of negative affect and lower levels of
positive affect. A significant positive path was found from the BIS
to expressive suppression (explaining 3% of its variance), which
was positively associated with negative affect. A strong negative
association was found between the BIS and cognitive reappraisal

TABLE 3 | Goodness of Fit Indices From the Structural Equation Modeling

Analyses.

Model χ
2 (df) χ

2/df RMSEA (90% CI) GFI AGFI CFI

Initial model 305.24 (8) 38.15 0.27 (0.242–0.295) 0.88 0.66 0.61

Final model 7.81 (4) 1.95 0.04 (0.000–0.070) 0.99 0.98 0.99

df, degrees of freedom; RMSEA, root mean square error approximation; GFI, goodness-

of-fit index; AGFI, adjusted goodness-of-fit index; CFI, comparative fit index.

(explaining 25% of its variance), which was negatively associated
with negative affect and positively associated with positive affect.
On the other hand, the BAS yielded two statistically significant
positive path coefficients; one leading to negative affect and the
other to positive affect; that is, higher levels of BAS activation
were associated with higher levels of both negative and positive
affect. Thus, the negative affect (41% of the explained variance)
depended on the combined effects of the BAS, the BIS, expressive
suppression, and cognitive reappraisal, and the positive affect
(41% of the explained variance) depended on the BAS, the BIS,
and cognitive reappraisal.

DISCUSSION

The purpose of the present study was to test a model
of the associations between BIS/BAS activation and affect
in individuals with chronic musculoskeletal pain, and to
investigate the mediating role of emotion regulation strategies
in these associations. We hypothesized that BIS activation
would be directly and indirectly associated with negative
affect, and that the indirect path would be facilitated by
the association between the BIS and emotional suppression.
Furthermore, we hypothesized that BAS activation would be
directly and indirectly associated with positive affect, and
that the indirect path would be facilitated by the association
between the BAS and emotional reappraisal. However, we also
predicted that the direct and indirect associations between
the BAS and affect would be weaker than those between
the BIS and affect. The model received partial support. To
our knowledge, the present study is the first to investigate
these relationships in a sample of individuals with chronic
pain.

BIS, Affect, and Emotional Regulation
The results provided support for some of the study hypotheses
related to BIS. On the one hand, as predicted, the final adjusted
model showed a direct significant association between the BIS
and negative affect, which was also mediated by the influence
of the BIS on expressive suppression. On the other hand, there
was a direct negative association between the BIS and positive
affect and an indirect association with positive affect via the
mediation path of cognitive reappraisal. This indirect association
is inconsistent with the BIS-BAS model of chronic pain (21).

According to the results, individuals with chronic pain
with higher BIS activation appear to use greater expressive
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FIGURE 2 | Structure, standardized coefficients (in the arrows) and R2 values (bold) for the final model. Observed variables are represented by circles and latent

variables by square. SPSRQ-20, Sensitivity to Punishment and Sensitivity to Reward Questionnaire; ERQ, Emotional Regulation Questionnaire; PANAS, Positive Affect

and Negative Affect Schedule.

suppression to regulate their emotions than those with lower BIS
activation, which is associated with higher scores on negative
affect. As hypothesized, a direct positive association was found
between the BIS and negative affect that was stronger than
any effects mediated by emotional regulation strategies. These
findings are in line with the results of prior studies that found
a positive association between BIS activation and emotion
regulation difficulties (28) and between emotional suppression
and increased negative emotion in undergraduate samples (16).
They are also in line with the results of prior studies on
individuals without chronic pain (26), in which BIS activation
predicted negative affect. Finally, they are also consistent with
a BIS-BAS model of chronic pain (21), which hypothesized that
BIS activation facilitates the negative emotional responses of
anxiety/fear and sadness/hopelessness.

The BIS-BAS model of chronic pain hypothesizes that BIS
activation facilitates behavioral inhibition, which has the goal
of managing aversive stimuli via avoidance (21). The emotional
management strategy of expressive suppression appears to be
consistent with the idea of inhibition as an overall coping
approach. This strategy is also consistent with the view
of pain as a danger signal that simultaneously increases
attention to potential threats and suppresses awareness of other
motivationally relevant stimuli, thereby restricting the affective
space (45). Thus, BIS activation in response to a perceived sense
of danger may inhibit the ability to be aware of emotions or
manage emotions adaptively. Assuming this proposal is correct,
if the BIS generally inhibits behavior as well as emotions, then
individuals with chronic pain with increased BIS activation
would be expected to be less able to identify and manage their
emotions, which would then contribute to more negative affect
over time. Consistent with this idea, individuals with chronic

pain tend to have increased levels of maladaptive emotional
regulation patterns, such as experiential avoidance (46, 47)
and alexithymia (28, 48). In fact, a positive association has
been found between BIS activation and experiential avoidance
in non-chronic pain individuals (49), although the association
between BIS and alexithymia remains unexplored. Nevertheless,
an association has been found between alexithymia and the
anterior cingulate cortex (50), which plays a prominent role in
response inhibition (51).

Although the following association was not included in
the initial hypothesis, a strong negative association was found
between BIS and cognitive reappraisal, which is an emotional
regulation strategy thought to be adaptive (16, 17). It is
noteworthy that this relationship was stronger than that found
between the BIS and expressive suppression. Thus, a novel
finding is the strong mediation effect of cognitive reappraisal on
the BIS-negative affect relationship. This finding is in contrast
with the results of previous research in other populations without
pain, which did not find significant associations between the BIS
and cognitive reappraisal (30). A positive association has been
found between the BIS and pain catastrophizing (33), which is
characterized by constant negative rumination about the pain
experience. Previous longitudinal studies in adolescents have
shown that the association between BIS and emotional problems,
such as depression or anxiety symptoms, is mediated by
maladaptive cognitive emotional regulation (30, 52). This finding
is consistent with the results of the present study. A possible
explanation for these unexpected results is that in individuals
with chronic pain, the behavioral inhibition facilitated by the
BIS may also interfere with the individuals’ ability to focus
on (“approach” or face) their thoughts, thus making cognitive
reappraisal more difficult. This possibility is consistent the studies
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that have shown that patients with chronic pain use thought
suppression as a regulation strategy, which is associated with
more anxiety/depression and helplessness/hopelessness (8, 53).
It is also in line with experimental research that has shown
that suppression applied to pain thoughts, sensations, and
emotions was a strategy that promotes increased distress ratings
(54). In any case, more empirical research on this topic is
needed to determine if our unexpected result is unique to
the general population with chronic pain or only to the study
sample.

BAS, Affect, and Emotional Regulation
In contrast to the study hypotheses, no association was found
between the BAS and the emotional regulation strategies
assessed. Although we predicted that the BAS would play a
weak role in overall emotional regulation and affect, we also
hypothesized that there would at least be some significant
associations. However, these associations were not found. Our
results are also inconsistent with those of previous studies,
which have found that BAS activation predicted higher levels
of adaptive cognitive emotion regulation (30) and that have
found a small but statistically significant negative association
between BAS activation and emotion regulation difficulties (29).
However, the results of the present study suggest that BAS
activation may have a weak or inconsistent relationship with
emotional regulation approaches in individuals with chronic
pain. This suggestion is in line with the results of studies on
adults from the general population, which showed that the
association between BAS activation and emotional responses was
weaker than the association between these responses and BIS
activation (28). Further research is needed to help clarify when
and if the BAS plays a role in emotional regulation in pain
populations.

The results of the present study are mixed regarding the
hypothesized direct association between the BAS and affect. We
found a direct association between the BAS and both negative and
positive affect. The positive association of the BAS and positive
affect is consistent with previous research (26, 27) as well as with
the BIS-BAS model of chronic pain (21), which hypothesizes that
BAS activity underlies and facilitates “active” affective responses,
such as hope, joy, excitement, and anger. However, we did not
predict the positive association between the BAS and negative
affect. This is a novel finding that is inconsistent with previous
research, although associations have been found between low
trait BAS activation and depressive symptoms (55), dysfunctional
impulsivity (56), and bipolar disorder (57). Several explanations
are possible: (a) this finding may only apply to the general
population with chronic pain or only to the study sample; (b)
it may be related to the specific measures of the BAS and affect
used in this study; or (c) it may be due to a combination of
these factors. In relation to this issue, some studies have found
different associations between several BAS sub-domains (i.e.,
Reward Responsiveness, Drive, and Fun Seeking) and functional
outcomes (28, 58). The present study used a measure that only
assessed the general BAS activation. If we had been able to assess
the BAS subdomains, then positive associations may have only
been found between a BAS subdomain subset and negative affect.

In any event, the present results suggest an association
between positive and negative outcomes and BAS activation in
the context of chronic pain. If these results can be replicated, then
it would be important to take these potentially negative effects
into account andmodify the BIS-BASmodel of chronic pain (21).
Additional research is needed to determine if this finding can be
replicated, and to determine the factors that might influence the
strength and direction of the associations that have been found.

Clinical Implications
The present results and those from previous studies indicate that
the BIS and, to a lesser extent, the BAS have a play role in the
emotional functioning of patients with chronic pain. They also
suggest that emotional regulation strategies mediate the impact
of BIS activation on affect, but do not mediate the effect of
BAS activation, at least in relation to the emotional regulation
strategies assessed in this study. The findings suggest that
treatments which teach patients emotional regulation strategies
could potentially reduce the negative impact of BIS activation
on adjustment to chronic pain. This approach could lead to less
negative affect and greater positive affect in these patients. In
particular, the present findings support cognitive reappraisal as a
potentially relevant emotional regulation strategy for individuals
with chronic pain. This emotional regulation strategy is targeted
by cognitive therapy (59) and hypnotic cognitive therapy (60),
and is potentially a mechanism by which these two treatments
have their beneficial effects.

However, patients may also benefit from treatments that
encourage greater emotional expression. Consistent with this
idea, there is preliminary evidence in support of the benefits of
emotional disclosure for individuals with fibromyalgia (61). The
aim of this treatment is to encourage the patient to provide details
about emotionally stressful facts or experiences, using reflections
and labeling to encourage the participant to experience all the
emotions related to that situation.

The present results also suggest that it might be useful
to reduce the negative affect that could be associated with
relative levels of BAS activation. Behavioral activation is a
treatment approach that could address this goal (62). In
line with the BIS-BAS model of chronic pain (21), a simple
increase in physical activity has been hypothesized to have
beneficial effects on positive emotions and adaptive BAS-related
beliefs. Behavioral activation can increase engagement in social,
recreational, and/or vocational activities. It may therefore also
contribute to increased positive emotions through environmental
reinforcement (63).

LIMITATIONS AND CONCLUSIONS

The present study has a number of limitations which should be
taken in to account when interpreting the findings. First, the
study used a cross-sectional design, which makes it impossible
to evaluate causality regarding the associations found between
the study variables. It would be useful to conduct research on
these associations using a longitudinal design. Second, this study
only used self-report methods to collect the data. Due to shared
method variance, this approach may have artificially increased
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the strength of some of the associations found. It would be of
interest to conduct research on the role played by measures of
BIS and BAS as predictors of subsequent observed behavioral
and emotional responses as measured more objectively via
observation assessments. Third, as mentioned, the measure of
BAS activation used in this study only provides a total score of
overall BAS activity. For example, as measured on the BIS/BAS
scale (58), different associations may have been found between
BAS subdomains and emotional regulation and positive affect.
Future research should examine this possibility. Fourth, the
sample of men was smaller than that of women. Although
previous studies shown a higher prevalence of chronic pain in
women and the number of men exceeded that required in a SEM
analysis, this must be considered when interpreting the results.
Finally, only two strategies of emotional regulation were assessed.
Future research should examine the potential mediating role of
other emotional regulation strategies in the impact of the BIS
and BAS on functioning in individuals with chronic pain [e.g., by
using the Difficulties in Emotion Regulation Scale [DERS; (64)].

Despite these limitations, some of the strengths of this study
include the large sample of individuals with chronic pain and
the use of SEM analysis. In addition, the findings provide
novel and relevant information on the potential role of BIS
and BAS as predictors of psychological function in individuals
with chronic pain. We found that the BIS was associated
with expressive suppression and cognitive reappraisal, and that
cognitive reappraisal was themost relevant strategy for emotional
regulation in individuals with this condition. Thus, it may
be useful to train individuals with chronic pain in adaptive
emotional regulation strategies to buffer the negative impact of
the BIS. The present findings suggest that it could be particularly
effective to help individuals with high levels of BIS activation to
identify and replace irrational or maladaptive thoughts. In line
with this idea, the results suggest that the BIS-BAS model of

chronic pain may need to be modified to take into account the
potential negative effects of BAS activation. More research on this
possibility is warranted.
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