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Abstract

Background—Suppression of anger is linked to subsequent pain intensity among chronic low
back patients, but it is not clear whether anger regulation style (trait anger-out, anger-in)
moderates these effects or if aroused anger accounts for links between anger regulation style and
pain.

Method—Chronic low back pain patients (N=58) were assigned to Suppression or No
Suppression conditions for a task with harassing confederate and then underwent structured pain
behavior procedures. Spielberger Anger Expression Inventory tapped trait anger-out (AOS) and
anger-in (AIS).

Results—Regressions tested Emotion Regulation condition x AOS and AlS effects on outcomes.
AOS was related to grimacing and sighing for Suppression condition patients. AlS was related
negatively to guarding and bracing for Suppression condition patients. Anger report partly
mediated effects for AOS and AlS.

Conclusions—Anger regulation style moderated effects of state anger suppression on

subsequent pain behaviors, effects that were partly explained by aroused anger.
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Introduction

Anger is related to both acute [1-4] and chronic pain intensity [1, 5-7]. Findings suggest
that the manner in which anger is regulated—for example, suppression (anger-in) or
expression (anger-out)—is consistently correlated with chronic pain severity [1, 5, 6]. An
enduring psychosomatic hypothesis holds that the suppression or inhibition of strong
emotions has detrimental effects on physical health. Thus, a number of studies of anger
regulation and pain have focused on suppressed anger. Relying on correlations between trait
measures of anger-in and pain, these studies have not provided well-defined accounts of
how the actual process of suppressing anger during upsetting events may affect pain. To
redress this shortcoming, we have proposed and tested an ironic process model of anger
suppression and pain based on Wegner's [8] ironic process theory of mental control [9].

Wegner and colleagues [10-13] showed that attempts to suppress unwanted thoughts have
the ironic effect of rendering these thoughts highly accessible to consciousness. They
proposed that attempts to suppress thoughts involve two processes [8]. First, an effortful
“operating process” works to avoid unwanted thoughts through conscious use of distracters.
A second process, however, occurs that is less conscious and deliberate. This unconscious
“monitoring process” searches for mental content that signals a failure to suppress the
unwanted material. Ironically, by searching for failures to achieve mental control, the
cognitive accessibility of the undesired thoughts and feelings actually increase. Much
research across a wide diversity of populations supports the ironic process model (e.g., [14—
17)).

Our ironic process model of anger suppression and pain holds that suppression of anger may
render anger-related content highly accessible to conscious awareness because the
monitoring process works to find more and more instances of failure to avoid or be rid of
this content. Although suppression may subdue angry feelings and behavior initially, it may
in the long run paradoxically increase the cognitive accessibility of anger, in turn leading to
“contamination” [18] of appraisals of subsequent pain with heightened feelings of irritation
and annoyance. Results of our recent studies support this model [9, 19, 20]. Findings
generally show that participants instructed to suppress anger-related thoughts and feelings
during anger induction reveal significantly greater pain intensity during subsequent pain
induction than participants who underwent anger induction but were not instructed to
suppress, both in healthy adults and chronic low back pain patients. Results generally
indicate that when self-reported anger following anger or pain induction is statistically
controlled, differences in pain intensity are attenuated between groups instructed to suppress
compared to those given a standardized “think anything” control instruction [9, 20]. These
findings support the notion that initially suppressed anger can contaminate appraisals of a
subsequent painful stimulus in a measureable and potentially clinically meaningful way.

Despite our emphasis on examining effects of actual and deliberate attempts to suppress
anger, it remains important for several reasons to consider the role of trait anger regulation
style. This trait describes the way in which anger is typically managed by an individual and
has been assessed almost exclusively with the anger-in and anger-out subscales of the
Spielberger Anger Expression Inventory [21]. However, for a host of reasons, a person may
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not use their preferred strategy for regulating anger in any given circumstance, and so he or
she may be compelled to use a different, possibly less-preferred tactic. Brosschot and Thayer
[22] have argued that the actual inhibition of anger may play a large role in producing or
exacerbating physical disorder because of social norms that discourage the full expression of
anger, a factor that may affect dispositional anger expressers quite dramatically. Indeed,
Engebretson et al. [23] proposed a “matching” model in which adaptive responses to anger
provocation would occur among people most often when they could use their preferred
mode of anger regulation. A “mismatch” would arise when, for example, habitual anger
expressers are forced by circumstances—Iab situations or real-life social constraints—to
suppress their anger. Evidence generally supports mismatch models with regard to
physiological stress reactivity and recovery [23-26], as well as measures of pain intensity
[27]. Most relevant for our purposes here, Burns et al. [27] found that healthy normal
participants characterized by high trait anger-out, who underwent anger induction while
trying to suppress—a mismatch situation—reported greater sustained pain intensity
following later pain induction than high anger-out participants who did not try to suppress
during anger induction and all low anger-out participants as well. Moreover, these
individuals showed delayed systolic blood pressure (SBP) recovery following the pain
stimulus. Thus, high anger-out people forced to suppress anger-related thoughts and feelings
during anger arousal may show a particularly acute vulnerability to later noxious
stimulation. However, whether such trait-situation mismatches affect clinical pain has, to
our knowledge, not been examined.

In the present study, we conducted additional analyses of data reported in Burns et al. [20].
In that study, chronic low back pain patients underwent anger induction under conditions in
which they were instructed to suppress thoughts and feelings about the episode and to not
reveal any signs of how they felt, or they were not given these instructions. All patients then
underwent pain induction using a structured pain behavior task, adapted from Keefe,
Williams, and Smith [28], which has been shown to elicit significant increases in low back
pain among chronic low back pain patients [28, 29]. We found that patients in the
Suppression condition reported greater pain intensity and revealed more pain behaviors
during the structured pain behavior task than those in the No Suppression condition and that
the differences in pain behaviors were largely accounted for by the greater anger reports of
the Suppression condition patients.

Here, we examined whether trait anger-out further moderated these effects such that patients
in mismatched situations would report greater pain and exhibit more pain behaviors than
patients not in mismatched conditions. If the mismatch model extends to chronic pain
patients and their clinical pain, then attempts to suppress during anger induction should lead
high anger-out patients to report greater pain and show more pain behaviors during the
subsequent structured pain behavior task than high anger-out patients not instructed to
suppress. Further, rather than focus analyses only on the total frequency of pain behaviors
summed across categories, as in the original report, we examined Emotion Regulation
condition x anger-out effects on component pain behaviors (e.g., grimacing, bracing).
Investigators [30, 31] have shown that pain behaviors cluster into empirically distinct
categories. Recently, it has been argued that such behavior may be grouped into two broad
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classes [32, 33]—communicative (e.g., grimacing, sighing) and protective (e.g., guarding,
bracing, rubbing)—with evidence suggesting that these kinds of behaviors are exhibited to
different degrees depending on situational demands [34] and may have different
implications for the development of pain-related disability [35]. We speculate that
communicative pain behaviors like grimacing and sighing may be more akin to facial
expressions of anger than engaging in protective behaviors such as guarding and bracing or
rubbing a body part. If so, then we expected trait anger-out for patients in the Suppression
condition to predict grimacing and sighing during the later structured pain behavior task
more strongly than protective behaviors. We also evaluated the notion that feelings of anger,
in particular, may mediate the link between trait anger-out and later pain intensity by testing
whether self-reported anger, anxiety, and sadness following anger-induction partly
accounted for any mismatch effects shown by high anger-out patients. That is, we examined
whether trait anger-out affected later pain behaviors through the degree to which anger was
aroused during the maze task. Finally, we examined whether trait anger-in also moderated
effects of suppression versus no suppression on later pain intensity.

Participants were 60 chronic low back pain patients recruited through advertisements and
postings at pain clinics. They were paid $40. Exclusion criteria were: (a) any current
cardiovascular disorder; (b) current use of medications that affect cardiovascular function
(i.e., beta blockers); (c) chronic pain stemming from malignant conditions (i.e., cancer); (d)
current alcohol or substance abuse problems; (e) a history of psychatic or bipolar disorders;
() daily use of narcotic analgesic medication; (g) inability to understand and speak English
well enough to take instructions from a confederate (see below). Inclusion criteria were: (a)
musculoskeletal pain of the lower back stemming from degenerative processes, muscular or
ligamentous strain, or disk herniation as determined by a physician; (b) pain duration of at
least 6 months. The final sample was 58 chronic low back pain patients due to equipment
malfunction for two participants. Those who reported occasional use of opioid-based
medication were asked not to take these substances on the morning of their appointments.
Women comprised 51.7% (n=30) of the sample. Descriptive information appears in Table 1.

Design Overview

Measures

A mixed between- x within-subjects design was used. The between-subjects factor was two
Emotion Regulation conditions (Suppression; No suppression). Participants were assigned
randomly to these conditions. The within-subjects factor consisted of participants
undergoing an anger-induction procedure while attempting to suppress or not (see below),
followed by the structured pain behavior task (see below) in a fixed order.

Anger Regulation Style—The tendencies to express and inhibit anger were assessed with
the Anger Expression Inventory [24]. This inventory provides scales to measure anger
expressive style (Anger-out Scale) and anger inhibition style (Anger-in Scale) for which
Spielberger et al. [24] report adequate internal consistency coefficients. Further, Faber and
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Burns [25] found that Anger-out Scale scores predicted the degree to which anger was
expressed verbally during provocation.

Negative Effect and Pain Intensity Checklists—Eleven-point numeric rating scales
[36] tapped self-reported pain intensity (O=None and 10=Maost Severe Possible), and the
degree to which participants felt tense, nervous, sad, irritated, and angry (O=Not at all;
10=Extremely). The angry and irritated items following anger induction (see below) were
correlated (r=.85), and the tense and nervous items were correlated (r=.70). The angry and
irritated items were summed to give anger composite scores, and values for the tense and
nervous items were summed to give anxiety composite scores.

Anger-Induction Task

Anger was induced by having a participant take instructions from a confederate during a
demanding task. The task was described to participants as a collaborative task for two
people (i.e., participant and confederate, who was a trained assistant), the object of which
was for one person to move a computer cursor from the entry to the exit of a computer-
generated maze. This person, however, was not able to see the maze but instead moved a
computer mouse across a white pad—representing the boundary of the maze—according to
instructions issued by the other person who was able to see the computer screen. Thus, one
person told the other to move the mouse in certain directions and distances in an effort to
exit the maze. Unbeknown to the participant, he or she was always assigned to move the
mouse and the confederate always instructed. The participant was also told that they and the
other person “need to act as a team to do well,” that he/she cannot speak to the other person
(confederate), and that after the participant has completed the second part of the experiment,
he or she would have a turn as the instructor and the other person (confederate) would move
the mouse.

However, the confederate assumed an unfriendly attitude from the outset. In addition to the
instructions described above, the participant was told that “errors” resulted from bumping
the cursor into maze walls or having to reverse direction. During the task, the confederate
followed a semi-standard script that included instructions to move the cursor in certain
directions, reversing directions, exclamations about errors, derogatory comments about the
participant's ability, and comments indicating that the confederate blamed the participant for
all mistakes. This task and the harassment manipulation were adopted from Engebretson,
Matthews, and Scheier [23]. Male and female experimenters served as confederates. To
avoid confounds involving participant-confederate gender matches, equal numbers of same
sex, male participant-female confederate, and female participant-male confederate matches
were used.

Emotion Regulation Manipulations

Suppression—In this condition, participants were told to suppress thoughts about their
feelings during the maze task and not to show any behavioral signs that betrayed how they
felt. Full details of the procedure are provided in Burns et al. [20]. In brief, patients were
asked to give their “best effort on the maze task,” were told that working with a partner “can
bring up a lot of thoughts and feelings,” and that they were supposed to suppress what they
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were thinking and feeling about the task and to hide how they felt at all times. Participants
were told not to speak to the other person.

No Suppression—In this condition, participants were told to think anything they wanted
and to reveal their feelings if they wanted without speaking to the confederate or standing.
In brief, they were asked to give their best effort on the task, were told that working with a
partner “can bring up a lot of thoughts and feelings,” and that they could “deal with your
thoughts and feelings in any way” they chose and that they should “feel free to think about
and/or to show your feelings at any time,” but without speaking to the other person.

Structured Pain Behavior Task

Procedure

A structured pain behavior task [28, 29] was used as a naturalistic pain-induction
manipulation that allows assessment of both self-reported pain intensity and observable pain
behaviors (e.g., grimacing). This task involves sitting, standing, walking, reclining, and
bending to lift a light-weight object (see below); everyday activities that typically produce
mild pain in chronic low back pain patients.

The procedure, variables, and data reduction for the structured pain behavior task are
described in detail in Burns et al. [20] and followed the procedures described in Keefe and
Block [29]. In brief, participants engaged in 1-and 2-min sitting and standing periods, and
two 1-min reclining and walking periods. We added a separate bending and lifting sequence,
in which participants picked up a pencil (placed at their feet) from the floor, stood erect, and
then replaced it on the floor. The order of positions and activities was varied randomly
across participants. The tester spoke to participants only to request activity changes. The 11-
min session was videotaped.

Behaviors coded were guarding, bracing, rubbing, grimacing, and sighing. Keefe and Block
[29] reported excellent inter-rater agreement in coding these behaviors, ranging from 93% to
99%. Test—retest reliability of intervals up to 6 months was also adequate [28]. For our data,
three graduate students in clinical psychology-coded behaviors. Videotapes were prepared
for interval recording following the procedure of Keefe et al. [28]. In Burns et al. [20], we
used the total frequency of combined behaviors in analyses. For the present study, we
analyzed the component behaviors separately. Two raters coded all 58 videotapes
separately. Inter-rater reliabilities ranged from r=.88 for “bracing” to r=.96 for “grimacing.”

Participants were screened for exclusion criteria and asked not to consume caffeine, alcohol,
or nicotine during the 6 h prior to their appointments. When they arrived at the laboratory,
procedures and risks were explained, including information about the “other participant”
(i.e., confederate) “who will arrive shortly.” All participants reported compliance with the
opioid-based medication, caffeine, alcohol, and nicotine restrictions. Informed consent was
obtained. Participants sat upright throughout the maze task. A 5-min resting adaptation
period was followed by the entry of the confederate, who sat 2 m from the participant on the
opposite side of the computer table. They were told not to speak. Another 5-min resting
period proceeded. The participant completed pain and affect numeric rating scales to rate
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current pain and emotional state, while the confederate did likewise as part of the ruse.
Instructions for the maze task and emotion regulation instructions, depending on condition,
were given. After the 5-min maze task, the confederate left the room and the participant
again completed pain and affect numeric rating scales. When finished, the participant was
brought to an adjoining room, instructions for the structured pain behavior task were given,
and this task began approximately 2.5 min after the maze task ended. After the 11-min task,
the participant completed pain and affect numeric rating scales. They were debriefed,
especially with regard to the deception of the confederate. All participants were asked
whether they believed the confederate was indeed another patient and was also, like them, a
participant in the study. All indicated that they believed the confederate was as portrayed.

Data Analysis

In Burns et al. [20], we reported that anger, anxiety, and sadness increased significantly
during the maze task, but that Emotion Regulation condition moderated the effect for anger
such that patients in the Suppression condition reported more anger following the maze task
than No Suppression patients. We showed also that while pain intensity increased
significantly from baseline to the structured pain behavior task for both Suppression and No
Suppression patients, the former reported greater increases in pain than the latter. Finally,
we showed that the Suppression condition group exhibited more total pain behaviors than
the No Suppression group.

In the present study, we generated correlation coefficients between the five component pain
behaviors to determine whether there was some degree of independence among these pain
behaviors indexes. We conducted ANOVAs to determine whether the Suppression and No
Suppression conditions differed on the five component pain behaviors. We then performed
hierarchical regressions to test whether AOS and/or AIS scores moderated associations
between Emotion Regulation condition and pain indexes. Emotion Regulation condition was
dummy-coded (Suppression="1" and No Suppression="0"). Interaction terms were
computed by multiplying the Emotion Regulation condition term by AOS and AlS scores.
Analyses were performed by entering the main effect terms (Emotion Regulation condition,
AOS or AIS scores) simultaneously in the first step, followed by the interaction term in the
second step. Significant interactions were revealed by a significant R2 increment in the
second step with the interaction term entered. These interactions were dissected by
regressing dependent variables on AOS or AlS scores separately for each Emotion
Regulation condition, following recommendations of Keppel and Zedeck [37]. For self-
reported anger, anxiety, sadness, and pain intensity, residualized change scores were
computed by regressing post-maze or structure pain behavior task values on baseline values.
These variables were used as dependent variables in the regressions, as well as the five pain
behaviors.

In Burns et al. [20], we found that anger report following anger induction significantly
mediated the effect of Emotion Regulation condition on total pain behaviors such that
greater anger in the Suppression condition partly accounted for the greater frequency of pain
behaviors revealed by this group. Anxiety and sadness did not. In the present study, affect
changes were again evaluated as potential mediators, but this time focusing on the
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relationships between AOS and/or AIS scores and pain indexes. The guidelines for testing
mediation provided by Baron and Kenny [38] were followed in general. In cases where the
Emotion Regulation condition x AOS or AlS interactions were significant for pain indexes,
and simple effects tests showed that a pain-dependent variable was significantly predicted
by AOS or AIS scores only among participants in one condition: mediation effects were
evaluated just for that group. For example, in a case where AOS scores are related to a
negative effect change score and are also related to a component pain behavior but among
participants in only one of the two Emotion Regulation conditions, mediation tests
proceeded only for that group. Sobel tests were then performed to determine whether a
significant degree of mediation had occurred.

Zero-Order Correlations

Correlation coefficients were generated among the five component behaviors and pain
intensity change scores and are shown in Table 2. For pain behaviors, the smallest
correlations tended to be between the so-called communicative behaviors (e.g., grimacing)
and protective behaviors (e.g., rubbing), whereas the largest correlations tended to be
between indexes within the same category (e.g., grimacing and sighing). We squared the r
coefficients to get r2 coefficients and then computed mean r2 within and between each
behavior category. The relationship within the two communicative behaviors was described
by an r2 of .37, the relationships within the three protective behaviors was described by a
mean r2 of .13, and the relationships between the communicative and protective behaviors
was described by a mean r2 of .07. Thus, results suggest some degree of coherence within
each group and some degree of independence between communicative and protective pain
behaviors, supporting claims that these behaviors are somewhat distinct and may serve
different purposes [32—35]. At the very least, our findings support the potential usefulness of
examining effects of Emotion Regulation condition and anger regulation style on the five
pain behavior indexes separately.

The correlations between the five pain behaviors and changes in self-reported pain intensity
were no more than moderate. Although these factors are related, findings also suggest that
self-reports of pain intensity and observable pain behaviors are somewhat distinct
constructs.

A correlation coefficient was generated between AOS and AlS scores, which was r=.08 (ns),
indicating that anger-out and anger-in styles were largely independent in this sample.

Condition Effects on Component Pain Behaviors

One-way ANOVAs were conducted for the five component pain behaviors with Emaotion
Regulation condition (Suppression, No Suppression) as the between-subject factor. A
significant main effect was found [F(1,57)=6.00; p<.02; 77=.10] only for grimacing such
that participants in the Suppression condition (M=1.8; SD=2.1) displayed more grimaces
than their counterparts in the No Suppression condition (M=.7; SD=1.3). However, effects
for guarding [F(1,57)=3.40; p<.07; 72=.06] and sighing [F(1,57)=2.87; p<.09; 77=.05] were
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in the same direction but did not reach conventional levels of significance. Thus, the largest
effect for the anger suppression manipulation was for facial displays of grimacing, an index
that appears akin to behaviorally expressed anger.

Tests of Emotion Regulation Condition x AOS Score Interactions

Pain Behaviors—Results of hierarchical regressions revealed significant Emotion
Regulation condition x AOS score interactions for grimacing (R? increment=.08; p<.02) and
sighing (R? increment=.06; p<.05). Interactions for guarding, bracing, and rubbing were
nonsignificant. The significant interaction for grimacing was dissected by regressing
grimacing values on AQOS scores separately for the Suppression and No Suppression groups
while using the error term from the overall interaction analysis in determining significance,
as recommended by Keppel and Zedeck [37]. For the Suppression condition, the beta weight
describing the relationship between AOS scores and frequency of grimaces was significant
(beta=.56; p<.002), whereas for the No Suppression condition, the beta weight was
nonsignificant (beta=—.02; p>.10). Similarly for sighing, the beta weight for the Suppression
condition was significant (beta=.46; p<.01), whereas the beta weight was nonsignificant for
the No Suppression groups (beta=-.05; p>.10). The interaction for grimacing values is
depicted in Fig. 1 to provide a sample illustration of these effects. Values shown are results
of solving the regression equation for hypothetical AOS scores (+1 SD and/or -1 SD from
the sample mean). Results show strong positive relationships between AOS scores and the
frequency of grimaces and sighs during pain induction but only among patients who were
instructed to suppress awareness of angry thoughts and feelings during the maze task. That
is, high anger-out patients in a mismatch situation showed the most grimaces and uttered the
most sighs during a later painful event.

Pain Intensity—The Emotion Regulation condition x AQOS score interaction for pain
intensity changes from baseline to the structured pain behavior task was nonsignificant (R?
increment=.01; p>.10), and the main effect for AOS scores also did not reach significance
(beta=.21; p>.10).

Negative Affect—The Emotion Regulation condition x AOS scores interactions for anger,
anxiety, and sadness changes were nonsignificant (R increments<.02; p>.10). However, the
main effects for AOS scores on anger (beta=.35; p<.007) and sadness changes (beta=.29; p<.
03) were significant, whereas the main effect for anxiety changes was not (beta=.11; p>.10).
Results indicate that AOS scores were related positively to negative effect changes
following the maze task irrespective of whether patients suppressed or not.

Tests of Mediation for AOS Scores

Because AOS scores were related significantly to grimacing and sighing values only among
Suppression condition participants, our goal here was to test whether negative effect, anger
in particular, accounted for these associations. Following analyses were conducted only for
those in the Suppression condition. Results reported above indicate that AOS scores—the
“independent” variable in these mediation models—significantly predicted only anger and
sadness changes, and so these affect factors were considered the potential mediators.
Although we reported in Burns et al. [20] that anger, anxiety, and sadness change scores

Ann Behav Med. Author manuscript; available in PMC 2014 September 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Burns et al.

Page 10

were correlated significantly with total pain behaviors, we conducted additional analyses
here to determine whether anger and sadness change scores were correlated significantly
with grimacing and sighing values. Anger changes were correlated significantly with both
grimacing (r=.34; p<.008) and sighing (r=.42; p<.001), whereas sadness changes were not
(r=.17, p>.10 and r=.24, p<.08; respectively). Thus, only anger change scores were
considered further as a potential mediator among participants in the Suppression condition.

A regression was performed to determine whether anger change scores accounted for a
significant portion of unique variance in grimacing and sighing with AOS scores held
constant. Anger change scores were related significantly to grimacing (beta=.31; p<.05) and
sighing (beta=.48; p<.003) with AQOS scores controlled. Further tests for mediation indicated
that when anger changes were controlled, the effect of AOS scores on grimacing remained
significant (beta=.38; p<.02), whereas the effect of AOS scores on sighing was reduced to
nonsignificance (beta=.21; p>.10). The Sobel coefficient for grimacing did not reach
conventional levels of significance (1.74; p<.08), whereas the Sobel coefficient for sighing
did (2.07; p<.03). Results indicate that anger changes significantly mediated the link
between AOS scores and frequency of sighing during the structured pain behavior task, but
only among patients who attempted to suppress. Thus, the greater frequency of sighs during
pain induction shown by participants scoring high on trait anger-out compared to those
scoring low was partly explained by their greater experience of anger following the anger-
inducing maze task.

Tests of Emotion Regulation Condition x AlS Score Interactions

Pain Behaviors—Results of hierarchical regressions revealed significant Emotion
Regulation condition x AlS score interactions for guarding (R2 increment=.11; p<.009) and
bracing (RZ increment=.12; p<.009). Interactions for rubbing, grimacing, and sighing were
nonsignificant. The significant interaction for guarding was dissected by regressing guarding
values on AIS scores separately for the Suppression and No Suppression groups while using
the error term from the overall interaction analysis in determining significance, as
recommended by Keppel and Zedeck [37]. For the Suppression condition, the beta weight
describing the relationship between AIS scores and frequency of guarding behaviors was
significant (beta=—.37; p<.05), whereas for the No Suppression condition the beta weight
did not reach conventional levels of significance (beta=.33; p<.08). For bracing, the beta
weight for the Suppression condition was again significant (beta=-.37; p<.05), whereas the
beta weight for the No Suppression group again missed conventional levels of significance
(beta=.32; p<.08). The interaction for guarding values is depicted in Fig. 2 to provide a
sample illustration of these effects. Values shown are results of solving the regression
equation for hypothetical AIS scores (+1 SD and/or —1 SD from the sample mean). Results
show an interesting pattern. For patients instructed to suppress, AlS scores were related
negatively to guarding and bracing, suggesting that this condition may have constituted a
match for high anger-in people. Although the beta weights for the No Suppression patients
were not significant at the p<.05 level, the positive direction of effect suggests that this
condition was possibly perceived as a mismatch for high anger-in patients.
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Pain Intensity—The Emotion Regulation condition x AlIS score interaction for pain
intensity changes from baseline to the structured pain behavior task was nonsignificant (R?
increment=.01; p>.10), and the main effect for AIS scores also did not reach significance
(beta=.14; p>.10).

Negative Effect—The Emotion Regulation condition x AIS score interaction for anger
change was significant (R? increment=.12; p<.003). However, these interactions were not
significant for anxiety and sadness changes (R? increments<.02; p>.10), nor were the main
effects for AIS scores significant. The significant interaction for anger was dissected by
regressing anger change scores on AlS scores separately for the Suppression and No
Suppression groups. For the Suppression condition, the beta weight describing the
relationship between AIS scores and anger did not reach conventional levels of significance
(beta=-.31; p<.10), whereas for the No Suppression condition, the beta weight was
significant (beta=.45; p<.01). Results parallel those for guarding and bracing and suggest
that attempts to suppress among high anger-in people may represent a match situation
whereas the converse is true for not suppressing.

Tests of Mediation for AlS Scores

Although AIS scores were related significantly and negatively to guarding and bracing only
among Suppression condition participants, the pattern of findings involving the crossing
interactions—with AIS scores related to these pain indexes in a positive direction—are
unique and intriguing. Thus, our goals here were to test whether anger changes, in particular,
accounted for both these divergent associations. Results reported above indicate that AIS
scores—the “independent” variable in these mediation models—predicted significantly (or
marginally) only anger changes, and so only this factor was evaluated as a potential
mediator. Although we reported in Burns et al. [20] that anger change scores were correlated
significantly with total pain behaviors, we conducted additional analyses here to determine
whether these scores correlated significantly with guarding and bracing values. Anger
changes were indeed correlated significantly with both guarding (r=.45; p<.001) and bracing
(r=.47; p<.001), and so met conditions to be considered further as a potential mediator.

Mediation tests were performed for each condition separately. For participants in the
Suppression condition, regressions were performed to determine whether anger change
scores accounted for significant portions of unique variance in guarding and bracing with
AIS scores held constant. Anger change scores accounted for significant portions of unique
variance in guarding (beta=.44; p<.01) and bracing (beta=.40; p<.02) with AIS scores
controlled. Further tests for mediation indicated that when anger changes were controlled,
the effects of AIS scores on guarding (beta=—.21; p>.10) and bracing were reduced to
nonsignificance (beta=—.21; p>.10). The Sobel coefficients for guarding (-2.02; p<.04) and
bracing (-1.95; p<.05) were significant.

Among participants in the No Suppression condition, anger change scores did not account
for significant portions of unique variance in guarding and bracing with AIS scores held
constant. Thus, further tests of mediation were not pursued.
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Results indicate that anger changes significantly mediated the link between AIS scores and
frequency of guarding and bracing during the structured pain behavior task, but only among
patients who attempted to suppress. More specifically, results suggest that high anger-in
patients who attempted to suppress experienced low levels of anger during the maze task,
which in turn contributed to a relatively low frequency of guarding and bracing pain
behaviors.

Discussion

To address shortcomings in current approaches to understanding whether and how
suppression of anger may affect pain, we developed an ironic process model of anger
suppression and pain [9, 19] that adapted Wegner's original theory [8]. We showed in
previous studies that suppression of anger-related thoughts and feelings during anger
provocation appears to contaminate appraisals of a later painful event such that pain
intensity and the frequency of observable pain behaviors may be increased among chronic
low back pain patients [20]. We have shown as well that people who prefer to regulate anger
through overt verbal or physical expression may be particularly vulnerable to ironic effects
of suppression when obliged to suppress anger [26, 27]. In this study, we examined whether
this mismatch conceptualization would extend to chronic low back pain patients and induced
clinical pain. We expected that high anger-out patients who attempted to suppress during
provocation—contrary to their preferred style—would report greater pain intensity and show
more pain behaviors during subsequent pain induction than high anger-out people not told to
suppress. Effects for high anger-in patients were also examined. In addition, we expected
mismatch effects for anger regulation style to be partly accounted for by the degree of anger
reported immediately following anger-induction. Results generally supported hypotheses.

Burns et al. [27] found that healthy people characterized by high trait anger-out instructed to
suppress thoughts and feelings during provocation reported slower pain recovery following
subsequent pain induction (i.e., a cold pressor) than high anger-out participants who did not
suppress. Here, we replicated and extended those results by showing that high trait anger-out
chronic low back pain patients who attempted to suppress anger during provocation
exhibited more pain behaviors during a naturalistic pain task—one that mimicked routine
daily movements—than patients who did not suppress. It is noteworthy that in these two
studies, a similar pattern of mismatch effects emerged across different methods of anger
induction, different methods of pain induction, and distinct sample populations. Such
consistent findings using multi-method operationalizations of anger induction and multi-
method assessment of pain intensity increase confidence in the validity of the mismatch
model for trait anger-out, ironic effects of anger suppression, and pain. Put otherwise, high
anger-out patients who, through force of circumstance, attempt to suppress anger may be
more prone to incur the ironic effects of suppression (on later pain sensitivity) than low
anger-out patients who also try to suppress.

As we reported in Burns et al. [20], anger report was higher among patients in the
suppression condition, suggesting that attempts to suppress anger-related thoughts and
feelings during harassment resulted in greater anger than was felt by patients who were also
harassed but did not try to suppress. Moreover, because trait anger-out was related
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significantly and positively to state anger report, albeit irrespective of emotion regulation
condition, we were able to evaluate whether amplified feelings of anger represented a
suppression-induced pathway by which people high on trait anger-out came to reveal greater
pain behaviors. Indeed, statistically controlling for post-maze anger significantly reduced the
effect of trait anger-out on grimacing and sighing among patients in the Suppression
condition, suggesting that the increased anger experienced by high anger-out patients
following attempts to suppress colored their responses to the next noxious event. That is, the
greater subsequent grimacing and sighing during movements typical of daily life, shown by
high anger-out patients who attempted to suppress, may have been due in part to delayed
effects exerted by ironically enhanced accessibility of thoughts and feelings of anger.
Patients characterized by a pronounced tendency to express anger who, again by force of
circumstances, end up suppressing anger may be more vulnerable to delayed effects of
suppression (on pain perception) than their low anger-out counterparts because of ironically
augmented feelings of anger immediately following the angering event. Anxiety and
sadness, also inspired by the maze task and the antagonistic partner, did not account for the
effects of trait anger-out on later pain behaviors, lending support to the notion that anger
aroused while suppressing during harassment was the specific negative emotion linking the
tendency to express anger with subsequent responses.

We also observed some moderation effects for trait anger-in. In our previous studies
examining determinants of pain intensity among healthy people and muscle tension
reactivity among chronic low back pain patients, we did not find evidence of match or
mismatch situation effects for people scoring high on trait anger-in. Typically, trait anger-in
was found to be related to pain indexes regardless of experimental condition (e.g., 3). Here,
we found what could be construed as a potential match effect, with high anger-in patients
who were allowed and encouraged to suppress anger, revealing fewer subsequent pain
behaviors than low anger-in patients. Further, this effect was significantly mediated by post-
maze reports of anger. Specifically, low levels of anger reported by high anger-in patients in
the suppression condition appeared to contribute to their low frequency of subsequent pain
behaviors. Thus, people who have a pronounced predisposition to suppress or inhibit anger
may feel most comfortable in a situation which actively calls for this kind of anger
regulation. Delayed effects on later responses to noxious stimulation may be minimal
because the accessibility of anger is not ironically enhanced, despite their efforts to suppress.

Before too much store is placed in these anger-in findings, some important issues should be
considered. The only other reported significant match-mismatch effect for trait anger-in, to
our knowledge, was that by Engebretson et al. [23], who found that high trait anger-in
participants showed faster SBP recovery from harassment when told to write positive—as
opposed to negative—descriptions of their antagonist. As authors speculated, this apparent
match situation led to adaptive blood pressure responses for high anger-in subjects. The
majority of reported condition/situation x trait anger-in findings have been nonsignificant
across diverse manipulations, populations, and dependent variables [3, 24, 26, 27, 39]. We
have discussed some of the limitations of the most common trait anger-in measure—from
the Spielberger Anger Expression Inventory—including a high degree of statistical overlap
with measures of broad negative affect; a source of variance that is typically not evaluated
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by partitioning it into common and unique components [40]. Thus, some important
psychometric problems with the trait anger-in scale could have contributed to the many null
findings. In pain studies, we have pointed to the additional difficulty that many studies have
relied on self-report methods to assess both trait anger-in and pain indexes. This problem of
shared method variance may dilute or even conceal actual effects of anger suppression on
pain. The nonsignificant condition x trait anger-in effects we have reported for pain [3, 26,
27, 39] may be rooted in these methodological shortcomings. Promising, however, was our
use in the present study of observer-rated pain behaviors during a standardized stimulus.
This break from strictly self-report assessment of constructs—purported causes and effects
alike—may have allowed formerly obscured effects to emerge. Consider that the
correlations between the five discrete pain behavior types and self-reported pain intensity
were no more than moderate, suggesting some degree of distinctiveness between these
modes of assessment. Thus, true effects of a predominant anger-in style on pain—
particularly under certain conditions—may be best detected when the “pain” is revealed
through observable behaviors. Future research, which is certainly called for to replicate and
extend these match-mismatch findings for trait anger-in, may benefit immensely from multi-
method assessment.

Results underscore the importance of considering person x situation factor interactions in
general when evaluating whether a given emotion regulation or coping strategy is adaptive
or maladaptive. From the diverse literatures ranging from coping (e.g., [41]), to cognitive
vulnerability for depression (e.g., [42]), to anger/hostility and reactivity to stress (e.g., [43]),
and now here with respect to anger regulation and later pain intensity, accumulating
evidence supports the proposition that certain individual difference traits moderate effects of
state responses to situations. Failure to take into account joint effects of both person traits
and the coping or regulation strategy used in any given situation may run the risk of missing
crucial processes that govern responses and of losing important information regarding the
health effects—positive and negative—of these tactics. To take an example from our
findings, the main effect for emotion regulation condition we reported in Burns et al. [20], in
which those in the Suppression condition exhibited more pain behaviors subsequently,
masked the strong interaction effect involving trait anger-out. Considering Fig. 1, it appears
that the bulk of the effect on subsequent pain behaviors for the suppression manipulation
was confined to high anger-out patients. Low anger-out patients in the Suppression
condition appeared to grimace and sigh at rates comparable to low and high anger-out
patients in the No Suppression condition. Thus, the ill effects of any given emotion
regulation strategy may be magnified among those poorly suited to use it. Infrequent person
x situation mismatches may simply make for temporary discomfort. To the extent that
environments or social situations place persistent and enduring demands to regulate
emotions and behaviors in certain ways, however, mismatches may exert larger cumulative
effects. As Broschott and Thayer argue [22], social constraints typically place boundaries
and limits on the magnitude and frequency of anger expressive behaviors. High anger-out
people who are chronically constrained from expressing in their family, community, and
work environments may be prone to increased health risks.

These results, and those of Burns et al. [27] and Wegner and Zanakos [44], also raise the
possibility that suppression of thoughts and feelings does not work the same way for all
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people. In Study 6 described by Wegner and Zanakos [44], the delayed effects on skin
conductance reactivity from attempts to suppress thoughts of a still desired “old flame” were
largely confined to subjects with high levels of trait thought suppression. One way to
interpret results for low trait anger-out people here and in Burns et al. [27] and for low trait
thought suppression people in Wegner and Zanakos [44] is that suppression—with the
alleged activation of the unconscious monitoring process—may not produce detrimental
ironic effects in the same way for all people. The monitoring process may work to great
disadvantage for people who typically want to express anger, find that they cannot or should
not in certain circumstances, and then try to drive these very strong and almost reflexive
urges from mind. Alternatively, the monitoring process may be largely innocuous for
someone who does not want to express anger at all (a high trait anger-in) is, therefore, not
invested in rooting out unwanted urges to express and who then finds that certain situational
constraints or norms encourage or require inhibition.

This last point leads us back to some of the problematic issues with trait anger-in. Although
suppression and inhibition of strong emotions are regarded as poor tactics overall, high
anger-in patients who were instructed to suppress—a match situation—appeared to benefit
in that they exhibited relatively fewer subsequent pain behaviors than high anger-in patients
not instructed to suppress. These findings raise the intriguing possibility that suppression of
anger per se may not necessarily be linked to negative outcomes for people with high trait
anger-in. If trait anger-in is indeed linked to detrimental outcomes, but the actual process of
anger suppression—a supposedly defining characteristic of those who keep anger in—is not
a negative process for them, then what features or processes of trait anger-in account for
links between it and poor physical health? As we have suggested, trait anger-in measures
may be confounded by the broader construct of negative effect so that observed associations
between trait anger-in, and for instance, pain are actually proxies for underlying links
between negative effect and pain [40]. Alternatively, we may want to take a closer look at
the specific situation created by our experimental manipulation. In the Suppression
condition, we allowed, indeed, encouraged subjects to suppress. Borrowing on the related
literatures on low assertiveness and social anxiety [45-47], high trait anger-in people may be
beset by the complex interplay of a desire to somehow let people know they are angry,
awareness of the broad social prescription to do so (i.e., constructively communicate
feelings and wishes), and fear of the potential consequences of expressing (i.e., rejection,
retaliation). Unlike high trait anger-out people, high trait anger-in people may want to avoid
the many thoughts and feelings regarding how they probably should express themselves, and
the thoughts and feelings of what may happen if anger is actually expressed and revealed.
Put otherwise, high trait anger-in people during anger provocation may be suppressing a
wide range of thoughts and feelings, of which actually suppressing anger is but one small
part. A situation in which suppression or inhibition is actually sanctioned may reduce the
pressure for high trait anger-in people to not think about how they should express but are
afraid to do so, and so relieve them of one burden. Disentangling what may be complex
intertwined layers of suppression and avoidance of conflicting desires for those
characterized by high trait anger-in awaits future research.
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Some final considerations may be fruitful regarding the effects on the separate pain behavior
components. As part of a larger debate on the communicative functions of pain behavior,
investigators have argued that [32—35] there are distinct kinds of pain behaviors. Our
findings support this argument by showing evidence of relative statistical independence
between so-called communicative and protective behaviors and by showing differential
effects of trait anger-out and trait anger-in on separate indexes. Results hint that high trait
anger-out patients who attempted to suppress anger manifested later pain intensity mostly
through frequent facial and nonverbal displays. Although speculative at this point, these
behaviors seem more like anger expressive behaviors than protective behaviors and may be
part of the pain communicative repertoire of people who typically physically or verbally
express anger. Consistent with our ironic process model, as well, these potentially anger
expressive (pain) behaviors may have been specifically amplified among high trait anger-out
patients by delayed contamination effects of suppressing anger. Although only marginally
significant, high trait anger-in patients who did not try to suppress anger revealed pain
intensity during the structured pain behavior task through frequent protective behaviors.
Again, this is speculative at this point, and we did not have a priori hypotheses for trait
anger-in effects on specific pain behaviors. Still, high trait anger-in people may typically
inhibit obvious facial or verbal expressions, and may instead be prone to body posture
changes or fidgeting; that is, they may tend to reveal indirect signs of emotion. Thus, their
pain behavior repertoire may also be confined to the kinds of body movements described as
protective pain behaviors. These speculations about correspondences between anger and
pain expressions will need to be pursued through additional research.

Some limitations of the present study should be delineated. First, we did not use a condition
to arouse a negative emotion other than anger. In Quartana and Burns [9], we used distinct
anxiety- and anger-induction conditions crossed with suppression manipulations. Thus, we
were able to compare effects of anxiety suppression and anger suppression on pain intensity.
Results showed that participants in the anger suppression conditions reported greater
subsequent pain intensity than those in the anxiety suppression conditions, and so we
included only anger induction in the present design. Despite prior results, we still cannot
definitively conclude that effects on pain behaviors during the naturalistic structured pain
behavior task were specific to the suppression of anger. Second, we inferred the presence of
suppression-induced accessibility of anger based solely on self-report ratings of angry
feelings immediately after the maze task. Thus, we did not directly measure whether high
trait anger-out patients across the emotion regulation conditions differed in their levels of the
cognitive accessibility of anger-related content prior to or during pain induction. More direct
measures of cognitive accessibility could be based on interference effects during an
emotional Stroop task, or on attention bias indexes derived from dot-probe procedures.
Third, this study was not originally designed to examine moderation effects of individual
difference factors, and so the sample size is small for the kinds of analyses we performed
here. Not only should caution be taken when interpreting statistically significant findings
with a small, perhaps unrepresentative sample, but we may also have missed a number of
important findings because of low power.
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Here, we extend our prior findings of trait anger regulation x state anger regulation match—
mismatch effects on later pain intensity among healthy nonpatients undergoing a cold
pressor [27] to include chronic low back pain patients. Present findings suggest that attempts
to suppress anger during emotionally arousing events (i.e., state anger suppression) may
disproportionately affect certain patients in quite distinctive ways. It is important to note that
our pain-induction task was not a typical laboratory procedure involving heat, pressure, or
forearm ischemia, but instead involved patients performing everyday activities, like sitting
and standing, which could aggravate low back pain. For pain patients who prefer to express
anger, attempts to suppress anger under certain circumstances may lead to amplification of
low back pain during subsequent engagement in ordinary movements. These findings may
have important implications for understanding the processes by which low back pain is
aggravated among chronic low back pain patients even during the most innocuous activities.
As Broschott and Thayer [22] have argued, the act of suppressing or inhibiting anger may
play a large role in producing or exacerbating physical disorder because of social norms that
discourage full anger expression. Because of these social norms, chronic low back pain
patients who are dispositional anger expressers may be at increased risk for frequent bouts
of intensified pain. A fuller understanding of how, under what conditions and among whom
in particular anger suppression detrimentally affects both emotional and physical hurt
appears essential for the development of interventions to relieve suffering among those
afflicted with chronic, painful conditions.
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Fig. 1.

Emotion regulation condition x AOS scores. Low AOSanger-out subscale values -1 SD
from mean; High AOSanger-out subscale values +1 SD from mean; Suppress suppression
condition; No Suppress no suppression condition
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Emotion regulation condition x AIS scores. Low AlSanger-in subscale values -1 SD from
mean; High AlSanger-in subscale values +1 SD from mean; Suppress suppression
condition; No Suppress no suppression condition
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Table 1
Descriptive data (N=58)
Variables Statistics
M SD % n
Age (years) 39.2 9.7
At least 12-years of education 90.0% 52
Ethnicity
Caucasian 67.2% 39
Hispanic 10.3% 6
African American 155% 9
Asian 17% 1
Native American 5.2 3
Pain duration (months) 48.4 45.2
Opioid-based 20.7% 12
Nonsteroidal anti-inflammatory 32.8% 53
Muscle relaxants 345% 20
Antidepressants 86% 5
Pain behavior: guard 1.2 1.9
Pain behavior: brace 15 2.1
Pain behavior: rub 5 13
Pain behavior: grimace 1.2 1.8
Pain behavior: sigh 8 15
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