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Abstract
The present study aimed to extend the existing literature of mindfulness as a stress protective factor by (1) exploring the role of
mindfulness state, not only in response to but also in anticipation of acute pain and (2) investigating an explanatory pathway,
decreased rumination, between anticipation of acute pain and cognitive performance, with mindfulness moderating this indirect
effect. One-hundred-and-four undergraduates were assessed for state mindfulness and then underwent an acute pain induction
using the cold pressor task (CPT). Pain measures included pain threshold, pain tolerance, pain intensity, short-form McGill Pain
questionnaire, and pain catastrophizing. Next, half of the participants were told that they would be repeating the CPT after some
intervening tasks; half were not told to expect a second CPT. Participants completed a Cognitive Estimation Task (CET) that
involved problem-solving, followed by a measure of rumination during CET. Results showed no meaningful associations
between mindfulness state and sensory measures of pain (e.g., pain tolerance, pain threshold), but higher mindfulness state
was related to lower pain catastrophizing and lower McGill affective subscale scores. There was also evidence of a moderated
indirect effect: the indirect effect of condition through rumination on CET performance was moderated by mindfulness. That is,
those in the anticipation condition with higher mindfulness state later reported ruminating less during CET and performed better
at CET.Mindfulness thus appeared to have a protective role in maladaptive emotional responses when one anticipates acute pain,
shielding self-regulatory resources needed to think flexibly when expecting a stressor.
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Introduction

Stressful situations are part of daily living, yet there are sig-
nificant differences in how people respond to and anticipate
such events that bear important consequences for well-being
(Larsen 2000; Weinstein et al. 2009). Mindfulness, an open
present-awareness (Brown and Ryan 2003), has been increas-
ingly recognized as a protective factor in coping with not only
difficult life events, such as a cancer diagnosis (e.g., Campbell
et al. 2012), but also daily stressors and hassles (e.g., Donald

et al. 2016; Schultz et al. 2015). Put simply, to be mindful is to
pay attention to and be aware of what is happening in the
present moment in a non-judgmental manner (Brown et al.
2007; Ryan and Rigby 2015). Over the last three decades,
research on both mindfulness trait and mindfulness state has
demonstrated the benefits of this attribute of consciousness for
a wide array of psychological and physical health outcomes in
clinical and non-clinical populations (see for reviews Brown
et al. 2007; Chiesa and Serretti 2011; Khoury et al. 2015).

While mindfulness trait pertains to stable individual differ-
ences, Brown and Ryan (2003) theorized that mindfulness is
inherently a state of consciousness; thus, it varies from mo-
ment to moment within a person. Therefore, mindfulness state
can be defined as momentary present-awareness. Other
scholars also argue that mindfulness may be closer to a state
than a trait, dependent on context and time (Bishop et al.
2004). Indeed, studies showed that although those who are
dispositionally more mindful were more likely to report mind-
ful states, mindfulness state was predictive of benefits above
and beyond mindfulness trait (Brown and Ryan 2003;
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Weinstein et al. 2009). Mindfulness trait can be measured by
validated self-report questionnaires, such as The Mindful
Awareness and Attention Scale (MAAS) (Brown and Ryan
2003) and The Five Facet Mindfulness Questionnaire
(FFMQ) (Baer et al. 2006).Mindfulness state can bemeasured
by validated self-report questionnaires, such as the MAAS
state (Brown and Ryan 2003) and the Toronto Mindfulness
Scale (TMS) (Lau et al. 2006).

Prior research on mindfulness state has generally used brief
mindfulness interventions (8 to 15 min) to induce a mindful
state in controlled settings (e.g., Erisman and Roemer 2010;
Kiken and Shook 2011; Ortner et al. 2007). Brief mindfulness
inductions have been shown to predict reduced emotional re-
activity, distress, and dysphoric mood to potentially threaten-
ing stimuli (e.g., Arch and Craske 2006; Brown et al. 2012;
Molet et al. 2013). Few studies have examined the role of
naturally occurring mindfulness state (Brown and Ryan
2003; Donald et al. 2016; Weinstein et al. 2009). This is rel-
evant because most studies on mindfulness state involve
mindfulness induction or training compared to other condi-
tions; the predictor is usually group membership, not mind-
fulness state (Keng et al. 2011).

In addition, most mindfulness research focuses on mind-
fulness as a protective factor in response to a stressor; there are
fewer studies exploring how it may affect anticipation of a
potentially unpleasant situation (Hoge et al. 2018; Laurent et
al. 2016; Weinstein et al. 2009). Theoretically, mindfulness
may act as a protective factor before, during, and after the
stressor. With regard to before a stressor, although only a
handful of studies have assessed the role of mindfulness in
anticipation of an unpleasant situation; findings are promising.
Weinstein et al. (2009, study 4) demonstrated that more mind-
ful individuals appraised the same potentially stressful event
(an upcoming exam) more benignly (less threatening) than
less mindful individuals, resulting in higher well-being.
Similarly, Laurent et al. (2016) had couples engage in two
laboratory sessions involving a conflict resolution task. They
reported that those with high mindfulness state displayed
higher positive affect and lower negative affect before the
second conflict task (see also Barnes et al. 2007; Hoge et al.
2018). In terms of after a stressor, studies using self-report and
physiological measures have evidenced the benefits of mind-
fulness in facilitating faster and more adaptive recovery. For
example, Brown et al. (2012) showed that higher trait mind-
fulness was associated with lower cortisol responses and self-
reported stress and anxiety following a laboratory stressor (see
for similar results, Bergeron et al. 2016).

Fewer are the investigations on the role of mindfulness in
reactivity during or immediately after the stressor. In fact,
Davidson and colleagues have shown that, in general, there
is less variability in emotional reactivity during exposure to a
negative affect-producing stimulus than after exposure to the
stimulus is terminated (Davidson 2003; Davidson et al. 2000;

Jackson et al. 2003). This would suggest that mindfulness may
exert its benefits mostly during the recovery phase rather than
blunting the intensity or directly altering the subjective expe-
rience of those stressors (Collins et al. 2017; Farb et al. 2010;
Fogarty et al. 2015). It is important to note, however, that
some studies do report benefits of mindfulness during the
stressor (e.g., Arch and Craske 2010; Kadziolka et al. 2016).

Several cognitive, emotional, and neural mechanisms
through which mindfulness confers its benefits have been
theoretically proposed or empirically identified (see for
reviews, Bishop et al. 2004; Brown and Ryan 2003;
Brown et al. 2007; Schultz and Ryan 2015). Mindfulness
is thought to facilitate focus and regulation of thoughts and
emotions, thus reducing distraction, mind-wandering, mal-
adaptive amplification of affective cues and ruminative
thoughts (Bishop et al. 2004; Moore and Malinowski
2009; Teper et al. 2013). Mindfulness, then, may facilitate
the availability of cognitive resources enhancing self-
regulation (Short et al. 2016). To be sure, very recent stud-
ies have begun to identify the specific cognitive processes
mindfulness may benefit. Early evidence suggests that
mindfulness may facilitate inhibition of irrelevant informa-
tion, such as intrusive thoughts, mind-wandering, and au-
tomatic responses that are irrelevant to the task at hand
(Gallant 2016; Noone et al. 2016). Indeed, mindfulness
has been shown to be oppositely related to rumination
and associated with inverse adaptive outcomes (e.g.,
Fresco et al. 2007).

In contrast, rumination, which is an uncontrollable, repeti-
tive, unconstructive thinking about one’s negative emotions
and the events that caused them (Nolen-Hoeksema 1991), has
been empirically shown to relate to deficits in inhibitory pro-
cesses of content that is not currently relevant (Brinker et al.
2013; Carson et al. 2003; Martin and Tesser 1996). In fact,
theories propose that inhibitory deficits are causal in the
overactivation of emotional content that characterizes rumina-
tion (Joormann 2006; Koster et al. 2011). When people rumi-
nate, they dwell on negative thoughts, precluding access to
more neutral thoughts in working memory (Bernblum and
Mor 2010; Donaldson et al. 2007).

Beyond enhanced emotional regulation, more recent stud-
ies have suggested that mindfulness may benefit cognitive
performance (Eberth and Sedlmeier 2012), such as enhanced
academic performance (e.g., Hanley et al. 2015), attention
(e.g., Saltzman and Goldin 2008; Semple et al. 2010), episodic
memory (Brown et al. 2016), and working memory (Jha et al.
2010; Lao et al. 2016). Mindfulness has also been related to
enhanced higher-order cognition activities, such as problem-
solving (Ostafin and Kassman 2012), moral reasoning and
ethical decision making (Cottone and Javier 2007; Ruedy
and Schweitzer 2011), critical thinking (Noone et al. 2016),
cognitive flexibility (Heeren et al. 2009; Lao et al. 2016), and
performance on GRE (Mrazek et al. 2013). Notably,
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neuroimaging research supports these findings (e.g., Tang and
Posner 2009; Tang et al. 2010; Zeidan et al. 2010).

On a different note, considering mindfulness’ characteris-
tics, this quality of awareness may also support coping with
pain, which is defined as Ban unpleasant sensory and emotion-
al experience associated with actual or potential tissue
damage^ (International Association for the Study of Pain
1979, p. 249). Pain experience, then, is a multidimensional
construct that has both sensory and emotional qualities
(Price et al. 1983; Melzack and Wall 1965). Indeed, it is well
known that the experience of pain concerns not only the extent
of tissue damage but also how one deals with the pain
(Boothby et al. 1999; Turk 1996). Characteristics of pain such
as location, tolerance, and intensity comprise the sensory di-
mension. The affective dimension reflects the emotional reac-
tion to the pain experience (Melzack and Katz 2013).

Although mindfulness-based interventions have shown
promising results for the treatment of chronic pain (Chiesa
and Serretti 2011), it is less clear whether brief mindfulness
inductions may help with coping with an acute pain stimulus.
In the context of experimental acute pain, studies usually use
interventions ranging from single brief mindfulness induction
to a few mindfulness-training sessions and compare them to
control or other intervention groups (e.g., hypnosis, distrac-
tion). Whereas some studies found that mindfulness interven-
tion increased pain tolerance (e.g., Kingston et al. 2007; Liu et
al. 2013; Swain and Trevena 2014), others reported no such
benefit (e.g., Petter et al. 2014; Prins et al. 2014; Sharpe et al.
2013). In addition, whereas some investigations have found
that mindfulness decrease subjective ratings of pain intensity
and increase pain threshold (e.g., Zeidan et al. 2010, 2015),
others did not find such results (e.g., Liu et al. 2013; Petter et
al. 2014; Prins et al. 2014; Swain and Trevena 2014).

The pattern is somewhat more consistent when it comes to
ratings of pain-related distress (i.e., affective dimension of
pain), such that brief mindfulness interventions have been
shown to reduce self-reported distress to acute pain inductions
(Liu et al. 2013; Prins et al. 2014; Zeidan et al. 2015; but see
McMullen et al. 2008 for contrasting findings). Studies com-
paring pain reaction of experienced meditators with matched
controls seem to corroborate the view of attenuated affective
responding to acute pain induction (Brown and Jones 2010;
Perlman et al. 2010). Mindfulness has also been shown to be
negatively related to pain catastrophizing (Petter et al. 2014;
Prins et al. 2014; Schutze et al. 2010), defined as the tendency
to ruminate, magnify, or feel helpless about pain (Sullivan et
al. 1995). Therefore, it appears that a state of non-judgmental
present-moment awareness may buffer against secondary
evaluations of physical sensations that increase pain severity,
such as pain catastrophizing, but may not reduce sensory as-
pects of pain, such as pain intensity (Campbell et al. 2010). In
our literature review (English language articles only), we
found that most pain studies are in the context of mindfulness

interventions, except for one study that investigated naturally
occurring state mindfulness with regard to acute pain (Petter et
al. 2014).

The present study examined the role of non-induced mind-
fulness state in response to, and in anticipation of, an unpleas-
ant sensory stimulus. We further investigated an explanatory
pathway, namely, decreased rumination, between anticipation
of acute pain and cognitive performance, with mindfulness
moderating this indirect effect. Presumably, those with higher
mindfulness state would later report to ruminate less as they
anticipated undergoing a second acute pain induction, leaving
them with more self-regulatory resources for a cognitive task.
Specifically, we predicted that those higher in mindfulness
state would show a more adaptive reaction to pain in the
affective dimension (e.g., use less-threatening words to de-
scribe the pain, decreased pain catastrophizing), but, given
mixed prior findings, we did not make specific hypotheses
regarding pain response in the sensory dimension (e.g., pain
tolerance, pain threshold, pain intensity). In the present study,
we proposed a conditional process model (moderated media-
tion) of mindfulness as a stressor buffer (see Fig. 1).

We hypothesized that those in the anticipation condition
would show worse performance in the estimation task (Fig. 1,
labeled A) and that that those in the anticipation condition would
later report higher ruminative thinking (Fig. 1, labeled B).
Rumination was predicted to relate negatively to performance
in the estimation task (Fig. 1, labeled C) and that the association
between anticipation and rumination would be moderated by
mindfulness, such that participants who were high in mindful-
ness state would later report lower rumination when anticipating
acute pain compared to students low inmindfulness state (Fig. 1,
labeled D). Mindfulness would thus act as a buffer to those
anticipating an unpleasant experience and was hypothesized to
only moderate the condition rumination path (Fig. 1, labeled B),
but not the rumination performance in the estimation task path
(Fig. 1, labeledC). That is because we expected that once one is
ruminating, there is no space for mindfulness to have an effect.
In other words, given rumination is the dwelling of negative
thoughts and emotions, the open and non-judgmental attention
that characterizes mindfulness would already be compromised.

Method

Participants

Participants were 117 undergraduate students. Students were
recruited through an online registration system, and received
extra credit that could be applied to psychology courses.
Thirteen participants were deleted: six due to experimenter
error and seven due to survey software malfunction. The final
sample included 104 participants (35 males) with a mean age
of 20.07 (SD = 1.26) and a range from 18 to 25 years old. Fifty
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percent identified as Caucasian, 34.6% as Asian, 8.7% as
black, 1.9% as mixed, and 4.8% as Bother.^ Of these, 5.8%
further indicated their ethnicity as Hispanic/Latino. Power
analyses (Cohen et al. 2003) revealed that significant effects,
expecting a medium effect size and power of 0.90, required a
minimum sample size of 88 participants. All advertisements
and procedures for this study were approved by the
University’s Research Subject Review Board (RSRB).

Procedure

This study was part of a larger study exploring personality
characteristics and pain. All participants signed up for two
sessions with 1 week apart between the sessions.
Participants underwent an initial lab session that lasted
approximately 30 min. Upon arrival to the laboratory,
participants were screened for exclusion criteria and those
who qualified were asked to provide informed consent.
Following the procedures of other studies using the Cold
Pressor Task (CPT) (e.g., George et al. 2006; Lee et al.
2010; Mitchell et al. 2004), the exclusion criteria selected
only participants free from medical conditions that con-
traindicated exposure to extreme cold temperatures (e.g.,
Raynaud’s syndrome), those not taking any medication,
and those who had no current or history of chronic pain.
Participants then completed a questionnaire assessing
their demographic information and a series of exploratory
measures not reported in this study. Next, the experiment-
er explained to participants some preparation require-
ments for the second session to prevent potential effects
on pain measures (e.g., no smoking, no intake of pain
medication). Finally, participants were asked to re-
schedule if they were in any kind of pain.

Upon arrival to session two, participants were screened for
medication, coffee, and alcohol intake, as well as smoking and
current pain. If they did not meet the requirements, they were
re-scheduled. Participants were quasi-randomized by gender
into the two conditions making an effort to have an equal
number of males and females in each condition. They then
completed a brief questionnaire assessing mindfulness state,

along with filler items. Next, they were asked to undergo the
CPT, followed by pain measures. After completing pain mea-
sures, half were told they would be repeating the entire CPT
after an estimation exercise, while half did not receive this
information, and thus were not anticipating further acute pain.
At this point, all participants completed an Estimation Task on
the computer, followed by a questionnaire assessing rumina-
tion during the Estimation Task. Before leaving, participants
were thanked and debriefed.

Cold Pressor Task

This task has been shown to reliably elicit a stress response
by increasing sympathetic nervous system and HPA axis
activity (e.g., Edelson and Robertson 1986; Kelly and
Cooper 1998; McRae et al. 2006). Participants were asked
to immerse their non-dominant hand to the wrist for 5 min
in a container with water at 32 °C (± 1 °C). This procedure
was meant to normalize the starting hand temperature. A
red mark (with felt tipped pen) on the wrist indicated to
participants how deep they had to submerse their hands (to
keep the hand at a constant immersion depth). Next, par-
ticipants immersed their non-dominant hand to the wrist in
the cold water bath (water was constantly maintained at 7
± 0.01 °C). Usually, the temperature in the Cold Pressor
Task is between 0 and 2 °C (Mitchell et al. 2004), but
because we were interested in leaving more room for sub-
jective interpretation of pain, we had the water slightly
warmer (see Helsen et al. 2011). The apparatus used was
a circulating and cooling water bath, Lauda Brinkmann
(RM6-RMS Refrigerating Circulating Bath). This model
of water bath has a 6-L water capacity and maintains tem-
perature within the 0.1 °C level. Immersion time was mea-
sured on a stopwatch held outside of the participants’ view,
with an uninformed maximum immersion time of 5 min for
safety (Lee et al. 2010; Mitchell et al. 2004). Participants
were instructed to say Bpain^ when the sensation first be-
came uncomfortable (i.e., pain threshold) and to remove
their hand whenever the pain became intolerable (i.e., pain
tolerance).

Fig. 1 Hypothesized conditional
process model illustrates the
conceptual model to test the
indirect effect of anticipating
acute pain through ruminative
thinking on students’ cognitive
performance, with mindfulness
state as moderator
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Measures

Mindfulness State (Brown and Ryan 2003)

To assess mindfulness state, defined as receptive attentiveness
to present at a given moment in time, a validated adaptation of
the Mindful Attention Awareness Scale (MAAS; Brown and
Ryan 2003) was used. The MAAS is well validated and ex-
tensively used measure of mindfulness trait. The adapted and
validated mindfulness state measure has been used in several
previous studies (e.g., Brown et al. 2012, 2016; Weinstein et
al. 2009). Themeasure has five items and uses a 0–6 (not at all
to very much) Likert scale. Samples items include BI’m find-
ing it difficult to stay focused on what’s happening in the
present moment^ and BI’m doing jobs or tasks automatically,
without being aware of what I’mdoing^ (both reverse scored).
Reliability for this scale in the present study was α = 0.82.

Pain Threshold

Pain threshold is time in seconds from hand immersion to
when participants first experienced discomfort (level one in
the Pain Visual Analog Scale (VAS)).

Pain Tolerance

Pain tolerance is total time in seconds of hand immersion.

Peak Pain Intensity

Immediately after the CPT, participants verbally rated their
peak pain intensity using a 10-cm Pain VAS (marked from
zero to ten, with the following anchors: B0^ no pain, B5^
moderate pain, and B10^ worst possible pain).

Short-Form McGill Pain Questionnaire (Melzack 1987)

This measure has three components. The first assesses quality
of pain using 15 adjective-verbal descriptors, 11 items indi-
cating sensory pain dimensions (e.g., throbbing, sharp), and
four items indicating affective pain dimensions (e.g., sicken-
ing, cruel). The descriptors were rated on a 4-point scale
(none, mild, moderate, severe) and yield three scores: sensory,
affective, and total. Two additional components assess overall
intensity of pain. Participants rated overall pain intensity using
a 10-cm horizontal VAS anchored from Bno pain^ to Bworst
possible pain^ and a 6-point scale (Present Pain Index (PPI))
ranging from no pain to Bexcruciating.^ This measure is re-
ported to be both reliable (Zalon 1999) and valid (Dudgeon et
al. 1993; Melzack 1987). Reliabilities for the scale in the pres-
ent study were as follows: McGill total, α = 0.84; McGill sen-
sory, α = 0.81; and McGill affective, α = 0.79.

Pain Catastrophizing Scale (Sullivan et al. 1995)

This instrument comprises 13 items assessing the extent to
which individuals experience negative thoughts and feelings
when in pain. It typically uses the frame of Bpast pain
experiences,^ but was adapted in the present study to refer
to the pain just experienced in the CPT (Lee et al. 2010;
Thorn et al. 2004) using a 7-point scale (B0^ not at all to B6^
very much). The Pain Catastrophizing Scale (PCS) total score
is the sum of its three subscales: rumination, magnification,
and helplessness. Reliability for this scale in the present study
was α = 0.92.

The Biber Cognitive Estimation Test (Bullard et al. 2004;
Shallice and Evans 1978)

This 20-item test contains five estimation questions in four
different categories (time/duration, quantity, weight, and dis-
tance). There are no clear answers to the questions (e.g., BHow
many seeds are there in a watermelon?^), as participants are
required to extrapolate from existing knowledge and use log-
ical thinking to arrive at plausible estimates. The Cognitive
Estimation Test (CET) is an open-ended task, as such partic-
ipants must generate novel responses for each item. It is con-
sidered a measure of fluid cognitive functioning (i.e., problem
solving), and it is believed to involve the central executive of
the work memory system. Moreover, it has been shown that
ego depletion impairs performance on this task, given that
self-regulatory resources are necessary to generate appropriate
answers to ambiguous questions (Schmeichel et al. 2003;
Vohs et al. 2012).

Participants’ answers to each item were scored on a 0–2
point scale, with higher scores reflecting better performance.
The scoring criteria were based on answers given by a large
sample of normal adults (Bullard et al. 2004). Estimates be-
tween the 25th and 75th percentile of the normal adult distri-
bution were considered acceptable and received a score of 2.
Estimates within the response range of 95% of the normal
adult sample but not within the 25th to 75th percentile were
considered mildly inappropriate and received a score of 1.
Finally, estimates not within the response range of 95% of
the normal adult sample were considered inappropriate and
received a score of 0. In the present study, the mean score
was 28.35 (SD = 4.33), with a range from 6 to 35.
Reliability for this scale in the present study was α = 0.60.
This value is consistent with reports of reliability for this scale
in previous studies (e.g., Bullard et al. 2004).

Rumination During CET

This measure was adapted from the Perseverative Thinking
Questionnaire, a content independent measure of rumination
(Ehring et al. 2011). It comprised six items (e.g., BI kept Bre-
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hashing^ my experience in the cold water) assessing partici-
pants’ level of repetitive negative thinking (repetitiveness, in-
trusiveness, unproductiveness, and difficulties disengaging),
using a 7-point Likert scale (B0^ not at all to B6^ very much).
Reliability for this scale in the present study was α = 0.82.

Data Analyses

Preliminary analyses included ANOVAs and chi-squared tests
to determine whether the two conditions (control, anticipa-
tion) differed at baseline and any potential sex differences.
We also conducted hierarchical regressions to explore how
mindfulness related to the different measures of pain. Main
analyses tested the proposed moderated mediation model.
Such models aim to clarify both how and when a specific
effect occurs (Preacher et al. 2007). A conditional effect is
said to exist Bwhen the strength of an indirect effect depends
on the level of some variable, or in other words, when medi-
ation relations are contingent on the level of a moderator^
(Preacher et al. 2007, p. 193). We aimed to test whether the
indirect effect of anticipating acute pain through ruminative
thinking on students’ cognitive performance depended on stu-
dents’mindfulness state. To test the proposed model, we used
PROCESS, a versatile computational tool for path analysis
involving moderation and mediation that can be used in
SPSS (Hayes 2012).

Results

Table 1 presents reliabilities (Cronbach’s alpha), means, stan-
dard deviations, and intercorrelations for the study measures.
At the zero-order level, mindfulness did not significantly cor-
relate with more sensory measures of pain: pain threshold,
pain tolerance, and pain intensities. However, mindfulness
did significantly correlate with more affective measures of
pain: McGill affective and pain catastrophizing, as well as
with rumination during CET. That is, higher levels of mind-
fulness were associated with lower levels of affective pain and
rumination. In addition, higher levels of pain catastrophizing
were related to lower pain threshold, pain tolerance, and CET
scores, but higher levels of pain intensities, McGill descriptors
(especially McGill affective), and rumination during CET.
Surprisingly, mindfulness state was not correlated with CET
scores.

ANOVAs and chi-squared tests were computed to deter-
mine whether the two conditions (control, anticipation) dif-
fered at baseline. No significant differences were found be-
tween the groups at baseline in terms of gender, age, race, and
ethnicity, indicating that the quasi-randomization procedure
was successful (see Table 2). In the subsequent analyses, we
included sex as covariate given that other studies have shown
it to influence some variables of interest. For example, males

typically have higher pain tolerance than females and females
typically have higher pain catastrophizing scores than males
(Dixon et al. 2004; Lee et al. 2010; Thorn et al. 2004). In the
current study, although there were no significant sex differ-
ences in terms of pain tolerance (p > 0.18), females showed
higher levels ofMcGill total, B = − 3.22, F(1, 101) = 4.05, p <
0.05, and pain catastrophizing, B = − 0.51, F (1, 101) = 4.10,
p < 0.05. In addition, there was a non-significant trend such
that females were associated with higher McGill affective rat-
ings, B = − 0.495, F (1, 101) = 3.43, p = 0.07, and higher re-
ported McGill sensory ratings, B = − 2.27, F (1, 101) = 3.06,
p = 0.08.

Hierarchical regressions were performed to explore the role
of mindfulness in the different pain measures. In the first step,
we included the covariate sex. In the second step, we entered
mindfulness. The results were null for the following variables:
pain threshold, pain tolerance, peak pain, McGill total, McGill
sensory, McGill pain intensity, and McGill PPI. However,
higher levels of mindfulness were associated with lower pain
catastrophizing, B = − 0.31, F (1, 101) = 8.6, p < 0.01, and
lower McGill affective scores, B = − 0.43, F (1, 101) = 3.84,
p = 0.05.

Next, the conditional process model tested whether rumi-
nation during the cognitive estimation task mediates the rela-
tionship between the condition (i.e., anticipation of pain or
not) and performance on the cognitive task differently at dif-
ferent levels of mindfulness (see Fig. 1). In other words, the
question was do those high in mindfulness when anticipating
pain report to ruminate less and therefore perform better in the
cognitive task than those low in mindfulness? In a preliminary
step, to visualize the interaction of interest, we performed a
hierarchical regression with the covariate sex entered in the
first step, the main effects (condition and mindfulness) entered
simultaneously in the second step, and the two-way interac-
tion included in the third step (condition × mindfulness). The
interaction of mindfulness and condition predicted rumination
during CET, ΔR2 = 0.03, F (1, 99) = 4.01, p < 0.05.

To examine the interaction between mindfulness and con-
dition on rumination during CET, a simple slope analysis was
conducted. Using the control condition as the reference group,
the effect of mindfulness on rumination during CET was not
significant (p > 0.78). Using the anticipation condition as the
reference, higher levels of mindfulness were associated with
lower rumination during CET, B = − 0.32, F (1, 99) = 12.66, p
< 0.01. Thus, when participants were not anticipating pain,
mindfulness had no effect on how much they later reported
ruminating during the CET, whereas when pain was anticipat-
ed, then those higher in mindfulness later reported ruminating
less (see Fig. 2).

Next, we used methods discussed in Preacher et al. (2007)
to examine moderation of the indirect effect of condition (an-
ticipation vs. control) on CET performance through rumina-
tion during CET, which generated two regression models (see
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Fig. 3 and Table 3). The first is called the mediator variable
model, which specified rumination during CET as the depen-
dent variable. The second regression model is called the de-
pendent variable model, which specified CET score as the
dependent variable. We calculated bootstrap confidence inter-
vals at different levels of mindfulness to determine how the
strength of the conditional indirect effect changed. To do that,
we examined the effect at one standard deviation below the
mean, at the mean, and at one standard deviation above the
mean. Indirect effect results are reported using 95% bias
corrected confidence interval with 10,000 resamples (95%
BC CI).

In the mediator variable model, condition uniquely pre-
dicted rumination during CET (b = 0.47, p < 0.01), mind-
fulness did not uniquely predict rumination during CET
(p > 0.05), and the interaction of condition with mindful-
ness uniquely predicted rumination during CET (b = −
0.29, p < 0.05). In the dependent variable model, rumina-
tion during CET uniquely predicted CET performance
(b = − 1.6, p < 0.01), but condition did not uniquely pre-
dict CET score (p > 0.05). The conditional indirect effect
was significant at 1 SD below the mindfulness mean (95%
BC CI{ − 3.57, − 0.12}), at the mindfulness mean (95%
BC CI { − 2.38, − 0.06}), but non-significant at 1 SD
above the mindfulness mean (95% BC CI {− 1.82,
0.24}) (see Table 3). Results then indicate that those with
high levels of mindfulness state later report to ruminate
less when anticipating acute pain and perform better at the
estimation task when compared to those low in mindful-
ness state when anticipating acute pain.

Discussion

We examined the role of non-induced state mindfulness in
response to and in anticipation of acute pain. Further, we in-
vestigated an explanatory pathway, decreased rumination, be-
tween anticipation of acute pain, and performance in a higher-
order cognitive task, with mindfulness moderating this indi-
rect effect. This study is unique in exploring the role of natu-
rally occurring mindfulness state (as opposed to mindfulness
training), how mindfulness may be protective not only in re-
sponse to but also in anticipation of a stressor, and extends the
pain literature in providing further evidence with regard to the
relations between mindfulness state and acute pain.

As predicted, mindfulness state was related to more adap-
tive acute pain response in the affective dimension, as indicat-
ed by lower pain catastrophizing and lower McGill affective
scores. This finding extends and is consistent with pain dis-
tress research on mindfulness training and experienced medi-
tators (Brown and Jones 2010; Liu et al. 2013; Prins et al.
2014; Zeidan et al. 2015; but see McMullen et al. 2008 for
contrasting findings). Given mixed findings of previous stud-
ies, there were no specific predictions with regard to the sen-
sory dimension of pain. The null findings between mindful-
ness state and pain tolerance, pain threshold, pain intensity,
and McGill sensory scores are aligned with some past studies
(e.g., Petter et al. 2014; Prins et al. 2014; Sharpe et al. 2013),
but oppose others (e.g., Kingston et al. 2007; Zeidan et al.
2010). This highlights the importance of including both affec-
tive and sensory dimensions when studying mindfulness and
pain (Lee et al. 2010) and appears to suggest that those who

Table 1 Scale reliabilities, descriptive statistics, and intercorrelations for the preliminary study measures

Measures 1 2 3 4 5 6 7 8 9 10 11 12

1 Mindfulness 0.82

2 Pain threshold 0.04

3 Pain tolerance − 0.06 0.59**

4 Peak pain 0.04 − 0.23* − 0.31**

5 McGill total − 0.16 − 0.12 − 0.21* 0.50** 0.84

6 McGill sensory − 0.12 − 0.07 − 0.18 0.44** 0.96** 0.81

7 McGill affective − 0.20* − 0.19 − 0.18 0.46** 0.72** 0.49** 0.79

8 McGill pain
intensity

0.02 − 0.25* − 0.33** 0.90** 0.55** 0.49** 0.50**

9 McGill PPI − 0.01 − 0.21* − 0.25** 0.65** 0.53** 0.47** 0.48** 0.72**

10 Pain
catastrophizing

− 0.29** − 0.29** − 0.29** 0.50** 0.63** 0.54** 0.62** 0.58** 0.63** 0.92

11 CET score 0.09 0.02 0.14 − 0.23* − 0.21** − 0.10 − 0.38** − 0.23* − 0.10 − 0.32** 0.60

12 Rumination CET − 0.35** − 0.08 − 0.12 0.09 0.12 0.04 0.27** 0.07 0.05 0.30** − 0.32** 0.82

M 4.41 13.29 60 6.60 15.35 13.26 2.09 61.35 2.68 2.10 28.35 0.82

SD 1.12 21.19 53.51 1.46 7.87 6.31 2.54 16.19 .77 1.27 4.33 0.87

Note. Scale reliabilities (Cronbach’s alpha) are shown on the diagonal in italics

*p < 0.05, **p < 0.01
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are high in mindfulness may feel similar levels of pain (i.e., no
blunting of intensity), but have more benign secondary eval-
uations of pain. Considering the evolutionary function of ac-
curate perception of acute pain for survival, it seems adaptive
for mindful individuals to not blunt or minimize pain experi-
ence (Riva et al. 2014). It is equally adaptive not to amplify it
in threatening/unpleasant affect words, possibly excessively
escalating the situation, leading to prolonged ill-being, activa-
tion of the stress system, and preventing one to attend to the
present moment (Britton et al. 2012; Hoge et al. 2018).

In fact, these findings parallel Davidson and colleagues’
findings of mindfulness having greater impact in emotional
reactivity after the exposure to a negative stimulus (faster re-
covery) than during it (e.g., Davidson 2003; Jackson et al.
2003). In other words, in general, results have shown less
variability in emotional reactivity during exposure to a nega-
tive affect-producing stimulus than after exposure to the stim-
ulus is terminated (see also Davidson et al. 2000). This would
suggest that mindfulness may exert its benefits mostly during
the recovery phase rather than blunting the intensity or directly

altering the subjective experience of those stressors (Farb et al.
2010; Williams and Swales 2004). Corroborating this argu-
ment, Fogarty et al. (2015) showed equal reactivity during a
lab stress task in low- and high-mindfulness individuals, but
superior recovery indicated by heart rate for those high in
mindfulness. Other studies also did not find differences in
the magnitude of immediate emotional response to lab-based
stressors after mindfulness training, but did demonstrate more
adaptive recovery patterns (e.g., Britton et al. 2012; Collins et
al. 2017; Farb et al. 2010, but see for opposing findings,
Kadziolka et al. 2016). Our results support the above literature
demonstrating that mindfulness state may regulate chronicity
and escalation of negative reactions rather than blunt the in-
tensity of responses (Britton et al. 2012; Collins et al. 2017).

Related to the above, growing evidence indicates that
mindfulness facilitates not only self-reported affective re-
covery but also effective HPA axis activation termination
after stress, returning the stress system to baseline levels
faster. For example, Brown et al. (2012) showed that
higher trait mindfulness was associated with lower

Table 2 Baseline characteristics
by condition Variable ANT (n = 53) CTR (n = 51) F/c2 p values

Percentage of female 66 66.7 0.005 0.95

Age − mean 20.02 20.12 0.157 0.69

Percentage of Caucasian 45.3 54.9 4.36 0.36

Percentage of Asian 41.5 27.5 4.36 0.36

Percentage of African-American 7.5 9.8 4.36 0.36

Percentage of mixed/other race 5.7 5.8 4.36 0.36

Percentage of Hispanic ethnicity 2.9 2.9 0.97 0.62

ANT anticipation condition, CTR control condition

Fig. 2 Moderation effect of
mindfulness on the relation
between condition (anticipation
of pain vs. control) and
rumination during Cognitive
Estimation Task (CET)
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cortisol responses and self-reported stress and anxiety
following a laboratory stressor. Similarly, Bergeron et al.
(2016) reported that priming mindfulness had beneficial
psychological and physiological effects after a stressful
speech task, indicated by lower perceived stress and neg-
ative affect, in addition to faster cortisol recovery (see for
similar findings, Hoge et al. 2018).

Unexpectedly, given the growing literature showing a rela-
tion between enhanced cognitive performance and mindful-
ness (e.g., Brown et al. 2016; Eberth and Sedlmeier 2012),
mindfulness state did not significantly correlate with perfor-
mance in the estimation task. This may indicate that the rela-
tion between mindfulness and cognition is more complex
when responding to or anticipating a stressor.

With regard to the conditional process model, hypotheses
were partially confirmed. In contrast to what was proposed,
those in the anticipation condition did not show a worse per-
formance in the estimation task than those in the control con-
dition. Yet, as hypothesized, those in the anticipation condi-
tion later reported ruminating more during the estimation task
than those who were not expecting a second acute pain induc-
tion. In addition, holding condition constant, those who later
reported ruminating more performed worse in the estimation
task. Also, consistent with hypotheses, we found that mind-
fulness moderated the relationship between condition and ru-
mination such that those high in mindfulness state later report-
ed ruminating less when anticipating acute pain, compared to
students low in mindfulness state in the same group. The in-
direct effect of condition on the estimation task through rumi-
nation was significant at low and mean levels of mindfulness,
but not at higher levels of mindfulness. In other words, high-
mindfulness state acted as a shield for those anticipating pain,
such that they later reported ruminating less during the esti-
mation task, and consequently performed better at it.

The high-quality present-moment attention seemed to fa-
cilitate focus and reduce intrusive thoughts about the acute
pain induction for those expecting it (Bishop et al. 2004;
Moore and Malinowski 2009; Teper et al. 2013). In turn, this
adaptive inhibition of irrelevant information presumably re-
sulted in high availability of cognitive resources for complet-
ing a task that requires self-regulation, as participants must use
existing knowledge and logical thinking to problem-solve and
generate novel answers. Being more mindful appears to have
shielded self-regulatory resources needed to think flexibly
when expecting a stressor. Such results are consistent with
literature linking mindfulness with lower rumination and

Fig. 3 Statistical conditional process model illustrates paths to test the
indirect effect of condition (anticipating acute pain vs. control) through
ruminative thinking on students’ cognitive performance, with
mindfulness state as moderator. Sex variable was added as a covariate

Table 3 Conditional indirect of
condition (anticipation vs.
control) through rumination
during CET (n = 104, bootstrap
resamples = 10,000)

Mediator variable model (DV= rumination during CET)

Predictor b SE t

Condition (a1) 0.47 0.16 3.02**

Mindfulness (a2) − 0.03 0.11 − 0.28
Interaction (a3) − 0.29 0.14 − 2.01*

Dependent variable model (DV =CET score)

Predictor b SE t

Rumination during CET (b1) − 1.60 0.51 − 3.16**
Condition (c1) − 0.03 0.87 − 0.04

Conditional indirect effect at different values of moderator

Values of moderator (a1 + a3W)b1 Boot SE Boot LLCI Boot ULCI

1 SD below the mean − 1.28 0.83 − 3.57 − 0.12

At the mean − 0.76 0.58 − 2.38 − 0.06

1 SD above the mean − 0.24 0.44 − 1.82 0.24

Note. The conditional indirect effect is calculated by (a1 + a3W)b1, where a1 is the path from condition to
rumination during CET, Cognitive Estimation Task, from the mediator variable model; a3 is the path from the
interaction of condition with mindfulness to rumination during CET from the mediator variable model; W is
mindfulness; and b1 is the path from rumination during CET to the outcome CET score

*p < 0.05, **p < 0.01

Mindfulness (2019) 10:657–669 665



associated mal-adaptive outcomes (e.g., Fresco et al. 2007).
For example, studies have shown that individuals with higher
dispositional mindfulness displayed lower rumination after an
emotional challenge (Eisenlohr-Moul et al. 2016; Kaiser et al.
2015). Moreover, mindfulness training has been shown to
decrease ruminative behavior (Chambers et al. 2009; Kaiser
et al. 2015), and to allow for better inhibition of irrelevant
information (e.g., Gallant 2016; Mrazek et al. 2013; Noone
et al. 2016; Short et al. 2016). Finally, the lack of a direct
relationship between condition and performance in the cogni-
tive task in the presence of a significant indirect effect through
rumination may suggest the presence of unmodeled mediators
of opposite effect of rumination (Hayes and Preacher 2013;
O’Rourke and MacKinnon 2015). That is, the lack of effect of
condition on cognitive performance may be non-significant
due to the presence of unidentified mediators competing with
rumination during the task.

Limitations and Future Directions

There are several limitations to this research that should be
acknowledged and addressed in future work. The conclusions
made in the present paper are based on a single study and
future studies are needed to replicate and expand on them.
The sample was comprised of undergraduates who were large-
ly women, and although sample size was adequate based on
power analyses, it is relatively small. Such limitations impact
the potential generalizability and implication of results.
Moreover, rumination during CETwas assessed retrospective-
ly, after students had already completed the Estimation Task,
but was tested as the mediator, preceding the Estimation Task,
in the moderated mediation model. This is also a limitation
because retrospective self-report may include time-related bi-
as and may be influenced by how one thinks one performed in
the Estimation Task.

Furthermore, it is important for future studies to explore
alternative mediators, particularly given the lack of a direct
effect between condition and cognitive performance in the
presence of a significant indirect effect through rumination.
Potential promising mediators include coping style (Weinstein
et al. 2009), cognitive flexibility (Lao et al. 2016; Heeren et al.
2009), and experiential avoidance (Hayes et al. 2006). Finally,
future studies exploring the relationship between pain and
mindfulness should include both affective and sensory dimen-
sions of pain, given that current results show distinguished
effects of mindfulness for each dimension. This would help
clarify the pattern of mixed findings in the pain literature (Lee
et al. 2010).
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