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Abstract The present research examined the degree to which
facets of trait mindfulness were associated with level and chang-
es in psychological distress in response to a repeated carbon
dioxide (CO2) breathing challenge. Undergraduate students
(N = 93) completed a self-report measure of mindfulness and
underwent two 7.5% CO2 challenges, spaced 1 week apart.
Subjective distress, physical/fear symptoms, and threat cogni-
tions were assessed at multiple times throughout each adminis-
tration. A pattern emerged such that althoughmindfulness facets
were not reliably associated with distress at either administration
separately, a low (but not high) level of mindfulness was asso-
ciated with a significant decrease in distress across administra-
tions, likely indicative of habituation, for the facets Describing
(β = − 0.25, p < − 0.01), Acting with Awareness (β = − 0.27,
p< .01), andObserving (β=− 0.25, p < 0.01). This suggests that
those components of mindfulness tied to noticing/attending to

the present moment may at times interfere with typical habitua-
tion processes. In contrast, those high in components of mind-
fulness tied to not evaluating—Non-judging (β = − 0.23,
p < 0.01) and Non-reacting (β = − 0.12, p < 0.01)—tended to
report less distress, as expected. Findings suggest that the rela-
tion between trait mindfulness and stress response is more com-
plex and nuanced than previously thought and that focusing on
both mindfulness facets and repeated exposure to stressors may
help elucidate this relationship.
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Introduction

Mindfulness involves the capacity to purposefully attend to
one’s present experiences while taking a non-judgmental
stance (Kabat-Zinn 1990). Research examining mindfulness-
based interventions has found that practice aimed at cultivat-
ing awareness and attention to experiences in the present mo-
ment has many benefits, such as an increase in well-being
(e.g., Brown and Ryan 2003; Carmody and Baer 2008) and
use of adaptive coping strategies (e.g., Weinstein et al. 2009).
Research has also found that mindfulness, which is typically
assessed with self-report measures such as the Five Facet
Mindfulness Questionnaire (Baer et al. 2006), is important to
mental health outcomes. For example, a meta-analysis found
medium effect sizes for mindfulness-based therapy to lower
mood and anxiety symptoms (e.g., Hofmann et al. 2010) in
clinical populations. Further, research has found that increas-
ing mindfulness leads to less rumination and worry, which in
turn lowers anxiety symptoms, and also that increasing mind-
fulness leads to less rumination andmore reappraisal, which in
turn lower depressive symptoms (Desrosiers et al. 2013a).

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12671-017-0832-9) contains supplementary
material, which is available to authorized users.

* Philip I. Chow
pic2u@virginia.edu

1 Department of Psychiatry and Neurobehavioral Sciences, University
of Virginia, Charlottesville, VA, USA

2 Center for Behavioral Health and Technology, University of Virginia,
560 Ray C. Hunt Dr., Charlottesville, VA 22903, USA

3 Department of Psychology, University of Virginia,
Charlottesville, VA, USA

4 Department of Psychology, Virginia Commonwealth University,
Richmond, VA, USA

5 Department of Psychiatry, Virginia Institute for Psychiatric and
Behavioral Genetics, Virginia Commonwealth University,
Richmond, VA, USA

Mindfulness (2018) 9:925–938
https://doi.org/10.1007/s12671-017-0832-9

http://orcid.org/0000-0001-6428-1540
https://doi.org/10.1007/s12671-017-0832-9
mailto:pic2u@virginia.edu
http://crossmark.crossref.org/dialog/?doi=10.1007/s12671-017-0832-9&domain=pdf


However, there are unanswered questions about trait mindful-
ness as a protective factor in response to stressors, particularly
in relation to repeated stressors. There are important reasons
to expect trait mindfulness to aid in reducing negative re-
sponses to stressors; for instance, trait mindfulness is associ-
ated with mood states and overall well-being (Brown and
Ryan 2003; Creswell et al. 2007).

Importantly, if levels of mindfulness are indeed associated
with levels of, and change in, distress to repeated stressors, it
could help inform clinicians as to what factors should be
targeted in interventions. For example, if high (vs. low) levels
of certain mindfulness facets are associated with low initial
distress and decreases in distress over time, clinicians may
wish to increase those facets of trait mindfulness in patients
in order to increase resilience to chronic stressors. Further,
knowledge of which mindfulness facets are associated with
trajectories of distress may contribute to targeted interventions
that increase or decrease levels of specific mindfulness facets.

Some studies have examined the role of trait mindfulness in
response to stressful social tasks, generally finding that high
levels of trait mindfulness are associated with more benign
stress-related appraisals and use of more adaptive coping strat-
egies (e.g., Weinstein et al. 2009), as well as attenuated sub-
jective distress when engaging in social evaluative tasks
(Brown et al. 2012). However, only a handful of studies have
examined the relationship between trait mindfulness and
response to tasks that are not socially evaluative. For
example, Arch and Craske (2010) found that unidimensional
trait mindfulness was associated with attenuated reactivity to a
hyperventilation task across anxious and non-anxious individ-
uals, but they did not examine associations of different facets
or distinguish between initial reactivity versus subsequent re-
covery. To examine whether mindfulness interacts with active
use of emotional suppression, Bullis et al. 2014 instructed par-
ticipants to suppress their emotional response while inhaling
CO2-enriched air, to see whether facets of trait mindfulness
predicted reactivity (Bullis et al. 2014). The authors found that
a higher level of acting with awareness (a mindfulness facet)
was associated with less subjective anxiety during the chal-
lenge phase, whereas a higher level of observing (another
mindfulness facet) was associated with greater frequency and
intensity of panic symptoms. These findings point to the value
and complexity of studying trait mindfulness and non-social
stress responding, given that one mindfulness facet was posi-
tively associated with anxiety while another mindfulness facet
was negatively associated. Further, because the Bullis et al.
2014 study used suppression instructions, administered the
CO2 challenge only once, and assessed distress after the inha-
lation phase, it remains to be examined whether trait mindful-
ness is associated with changes in psychological distress both
across and within (by examining separate phases within a task)
repeated administrations of a stressor, such as the CO2 chal-
lenge. Trait mindfulness may be differentially associated with

how people respond to stressful, novel experiences versus to
stressful experiences previously encountered. Further, within a
stressful experience, trait mindfulness may be differentially
associated with the initial level and/or trajectory of distress.

In general, we expected high (vs. low) trait mindfulness
facets to be associated with less distress in response to the
CO2 task. It was expected that this would be the case even at
the first administration, when individuals have no experience
with the CO2 paradigm, based on the evolutionary perspective
that individual differences are adaptive, in part, because they
do not require familiarity in order for them to influence be-
havior in the presence of stressors (Buss 1996). Indeed, cross-
sectional research has found that trait mindfulness is associat-
ed with attenuated distress in the face of novel, stressful tasks
(Arch and Craske 2010; Bullis et al. 2014; Brown et al. 2012).
However, an exploratory question was whether trait mindful-
ness would be associated with distress differently at the first
versus second administration. With regard to associations be-
tween trait mindfulness and change in distress across admin-
istrations, we examined competing hypotheses. On one hand,
if those high (vs. low) in trait mindfulness have low distress at
the first administration, it might be hard for them to experience
much decline in distress due to a floor effect. On the other
hand, if high (vs. low) trait mindfulness facilitates greater
learning at the first administration that exposure to the CO2

task did not result in any catastrophic outcomes, it would be
reasonable to expect those high in mindfulness to evidence
greater habituation across administrations. Therefore, in gen-
eral, high (vs. low) mindfulness should be associated with
greater decreases in distress (this greater learning would pre-
sumably occur via enhanced describing of the experience dur-
ing the first administration while not judging or strongly
reacting; see discussion of mindfulness facets below).

Mindfulness has been examined as both a unidimensional
and a multidimensional construct (i.e., as a general factor ver-
sus one composed of several interrelated facets, respectively).
As researchers have become increasingly interested in exam-
ining how mindfulness is associated with various outcomes,
this has necessitated examination of mindfulness at the facet
level (e.g., Baer et al. 2008; Desrosiers et al. 2014).
Mindfulness can be separated into five reliable factors, which
are describing and labeling one’s experiences, acting with
awareness and attending to one’s activities in the present mo-
ment, non-judging of inner experiences, observing and notic-
ing one’s experiences, and non-reacting to unpleasant stimuli,
(for a review, see Baer et al. 2006).

Available evidence suggests that the facets of describing,
non-judging, and non-reacting are strongly negatively associ-
ated with overall general distress and anxiety symptoms (e.g.,
Baer et al. 2006, 2008; Bohlmeijer et al. 2011; Cash and
Whittingham 2010; Delgado et al. 2010; Desrosiers et al.
2013b). Acting with awareness, by contrast, has shown incon-
sistent findings concerning its association with anxiety (e.g.,
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Desrosiers et al. 2013b), perhaps because attending fully to the
present moment may be distressing for persons who judge
many experiences as threatening. Along these lines, several
studies have found that observing is positively associated with
anxiety (e.g., Bullis et al. 2014; Curtiss and Klemanski 2014;
Desrosiers et al. 2013b). High levels of observing, particularly
in the absence of other mindfulness skills, may simply result
in heightened attention to internal states, which can exacerbate
anxiety (see literature on self-focused attention in anxiety;
e.g., Makkar and Grisham 2013; Spurr and Stopa 2002). For
example, whereas observing may be reflective of merely fo-
cusing and/or ruminating on unpleasant internal states, the
ability to describe and label one’s experiences may reflect
greater capacity for introspection and ability to differentiate
between different subjective states.

Importantly, examination of mindfulness at the facet level
may help to clarify prior mixed findings when mindfulness
has been examined as a unidimensional construct. For exam-
ple, although mindfulness-based therapy has been found to be
efficacious in treating anxiety symptoms (Hofmann et al.
2010), trait mindfulness has failed to show incremental valid-
ity, above and beyond positive and negative affectivity and
approach-oriented coping, in associations with anxious arous-
al (Zvolensky et al. 2006). One reasonmay be that some facets
of mindfulness are associated with anxiety symptoms in op-
posite directions (e.g., non-judging versus observing), while
other facets (e.g., acting with awareness) may have little direct
association with anxiety, leading to diluted effects.

The current study seeks to examine whether trait mindful-
ness facets are associated with level and changes in distress to a
repeated stressful task. In general, we expected mindfulness
facets to be negatively associated with psychological distress
at both the first and second administrations of the CO2 chal-
lenge, although an open question was whether mindfulness
facets would be associated with distress more strongly at the
first versus second administration. With respect to change in
responding across CO2 tasks, we examined the competing hy-
potheses that higher trait mindfulness would be associated with
less reduction in distress or greater reduction in distress. In
terms of the individual facets of trait mindfulness, our primary
hypotheses were that describing, non-judging, and non-reacting
would be most strongly and negatively associated with psycho-
logical distress at each time point, and would be most strongly
associated with changes in distress across administrations of the
CO2 task. In terms of mindfulness’ associations with distress
across phases (within-session), it was hypothesized that higher
(vs. lower) levels of non-judging, non-reacting, and describing
would be associated with lower levels of initial distress in the
anticipatory (mask) phase, less steep increase in distress
(reactivity) during CO2 inhalation, and greater decrease in dis-
tress during recovery.We did not lay out specific hypotheses for
each facet at every phase and therefore these analyses were
largely exploratory. All hypotheses can be seen in Table 1.

Method

Participants

Participants were 93 undergraduate students (52% female,
Mage = 19.8, SD = 4.2) at two universities in the American
Southeast, who participated in exchange for course credit or
payment. The majority of participants self-identified as White
(51.6%), followed by 17.2% African American, 12.9% Asian
American, 11.8% Hispanic American, and 6.5% self-
identified as Bother,^ Bmore than 1 race,^ or did not respond.
Participants were recruited either from a psychology partici-
pant pool (using a preselection survey) or via recruitment
fliers posted on campus. To ensure equal representation of
different levels of anxiety sensitivity (which is a well-known
predictor of CO2 response; Eke and McNally 1996; Rapee
et al. 1992), a stratified sampling approach was taken at the
university site that used the participant pool. Specifically, re-
cruitment emails were sent to equal numbers of undergradu-
ates scoring within each quartile of the distribution of college
student scores on the Anxiety Sensitivity Index (ASI; Reiss
et al. 1986). At the site using recruitment fliers, an unselected
undergraduate sample was recruited. Using these recruitment
methods, in total, 317 participants were recruited for session 1,
and the first 150 participants were invited to return approxi-
mately 1 week later for session 2 (as part of a larger study
aimed at investigating the test-retest reliability of the CO2

challenge). Of the 150 participants invited back, 102 returned
for session 2, and of those, 9 participants did not have usable
mindfulness data due to random computer error. Based on
attrition analyses, there were no significant differences in anx-
iety sensitivity or any of the CO2 distress variables between
participants who were invited back but chose not to return
(n = 48) and those who did return (n = 102) (all p’s > 0.10).
For the 93 participants who completed the mindfulness mea-
sures, there were 25 (of 42 invited) participants with ASI
scores in the lowest quartile, 28 (of 42 invited) in the lower-
middle quartile, 19 (of 32 invited) in the upper-middle quar-
tile, and 19 (of 34 invited) in the highest quartile (for ASI,
M = 19.4, SD = 10.4; for more details regarding associations
between anxiety sensitivity and CO2 distress outcomes, see
Gorlin et al. 2014).

Following common health-based exclusions used in past
CO2 challenge research (e.g., Garner et al. 2011; Welkowitz
et al. 1999), participants were excluded from participating if
they reported having asthma, a serious and unstable medical
condition, lifetime history of psychotic symptoms, or if they
had taken an antidepressant or psychotropic medication in the
past 4 weeks (those taking benzodiazepines were eligible to
participate if they had not taken their medication in the past
48 h; following Biber and Alkin 1999). Exclusion criteria
were listed in recruitment emails and were assessed again at
the baseline screening session.
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Procedure

Study procedures were approved by Institutional Review
Boards at both sites. All participants provided informed con-
sent and were told that the study was composed of a series of
computer tasks (assessing mood and thinking patterns), self-
report measures, as well as a breathing task that may produce
some anxiety. Because it was important to not prime partici-
pants with panic expectancies, they were told that they would
receive more information about the breathing task later in the
study. Participants began by completing a baseline SUDS rat-
ing and DSQ, followed by a battery of measures administered
in randomized order. They were then provided with a full de-
scription of the CO2 challenge procedure, including the steps
involved, and the possibility of anxiogenic effects, such as
dizziness, rapid heart rate, and other symptoms similar to those
listed on the DSQ. After participants signed a second informed
consent form specific to the breathing task, the experimenter
put the facemask on the participant, along with a belt and
electrodes, and re-administered the SUDS and DSQ (as mea-
sures of anxious responding before the CO2 breathing phase).
SUDS ratings were then collected every 2 min throughout the
CO2 challenge. DSQ scores were collected after 5 min of CO2

inhalation and again following the 5-min recovery period (after
CO2 inhalation had stopped), after which the facemask was
removed. Participants whose final SUDS rating was more than
20 points above their baseline had the option of being led
through a diaphragmatic breathing relaxation exercise to en-
sure that they did not leave the study distressed. Participants
were invited to return approximately 1 week later for another
administration of the CO2 challenge (session 2), which follow-
ed the same procedure as session 1, and to complete additional
measures, including the trait mindfulness measure. The trait
mindfulness measure was completed before the CO2 adminis-
tration at session 2. This was largely due to convenience and
because there was little reason to expect trait mindfulness
scores to change over 1 week, as previous research has found
strong 2-week test-retest reliability for non-English versions of
the FFMQ (e.g., Veehof et al. 2011), as well as the Kentucky
Inventory of Mindfulness Skills (KIMS; Baer et al. 2004),
which has considerable overlap with the FFMQ and assesses
four out of the five mindfulness facets in the FFMQ.

Measures

Trait Mindfulness Mindfulness was assessed using the 39-
item Five Facet Mindfulness Questionnaire (FFMQ; Baer
et al. 2006). Participants rated the degree to which various
statements (e.g., When I am walking, I deliberately notice
the sensations of my body moving; I watch my feelings with-
out getting lost in them) were generally true of themselves
(1 = never or very rarely true; 5 = very often or always true).
Internal consistencies were good for subscales assessing

observing (M = 25.5, SD = 5.3), describing (M = 25.9,
SD = 5.7), acting with awareness (M = 25.5, SD = 5.0), non-
judging (M = 26.2, SD = 6.3), and non-reacting (M = 21.9,
SD = 3.8; α = 0.79, 0.89, 0.84, 0.91, and 0.76, respectively).

Anxiety Sensitivity The 16-item Anxiety Sensitivity Index
(ASI; Reiss et al. 1986) assesses the tendency to fear symp-
toms associated with anxiety. Participants rated (0 = very little;
4 = very much) their agreement with various statements (e.g.,
It scaresmewhen I become short of breath). This measure was
administered at the first study session only (M = 19.2,
SD = 10.3). The ASI is a well-validated measure that previous
research has found to be a robust predictor of CO2 responding
(e.g., Eke and McNally 1996; Rapee et al. 1992). Internal
consistency in the current sample was good (α = 0.88).

CO2Challenge Task Participants were told ahead of time that
the task would take 18 min to complete, and that they would
begin by breathing ambient air through a facemask before
inhaling CO2-enriched air (which would begin and end at
unspecified times during the task). Participants sat in a com-
fortable chair and breathed through a silicone mask that cov-
ered their nose and mouth. The mask was connected to a
multi-liter bag containing 7.5% CO2-enriched air via a gas
impermeable tube. A two-way stopcock allowed the experi-
menter to manually switch between ambient air and the CO2

mixture (participants were not informed when CO2-enriched
air was being turned on and off). The stopcock valve and the
bag containing the CO2 mixture were hidden behind a parti-
tion. After putting on the facemask, participants breathed am-
bient air for 5 min, followed by 8 min of 7.5% CO2-enriched
air, followed by 5 min of ambient air (which served as a
recovery phase before the mask was removed).

On at least two occasions, participants were told that they
were allowed to stop the procedure at any time without penalty.
In total, 18 participants out of the 93 chose to prematurely stop
the procedure in session 1, and 13 participants chose to prema-
turely stop the procedure in session 2. Available data for par-
ticipants who opted out of the procedure (e.g., distress ratings
for the first part of the task) were still included in analyses.

Subjective Distress The Subjective Units of Distress Scale
(SUDS; Wolpe 1969) is a widely used, verbally administered
scale that provides an index of self-reported anxiety ranging
from 0 (no anxiety) to 100 (extreme anxiety). SUDS ratings
were collected 11 times throughout the experiment (see the
BProcedure^ section).

Physical- and Fear-Related Symptoms of Panic and
Threat Cognitions A modified 26-item Diagnostic
Symptom Questionnaire (DSQ; Sanderson et al. 1989) was
used to assess current panic response. The questionnaire is
composed of two scales. One 16-item scale assessed the
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presence and severity of physical symptoms (e.g., trembling or
shaking; pounding or racing heart; according to the Diagnostic
and Statistical Manual of Mental Disorders, 4th ed.; American
Psychiatric Association 2000) and accompanying fear-related
responses (e.g., fear of going crazy) on a nine-point Likert
scale (0 = Not at all noticed; 8 = Very strongly felt). Another
scale assessed threat cognitions (10 items; e.g., I feel like I
might be dying; I need help) on a four-point Likert scale
(1 = Not at all true; 4 = Very true). Because the original DSQ
measure only allows for dichotomous yes/no responses for
threat cognitions, the response scale was modified to allow
for dimensional scores. DSQ scores were collected at four
times throughout the experiment (see the BProcedure^ section).

Note, the materials reported here are part of a larger, two-
session study that examined correlates of distress to a repeated
CO2 challenge. The present research is the first using this
dataset to examine how mindfulness variables are associated
with subjective distress to a repeated CO2 task, and no mind-
fulness variables or subjective distress variables were exclud-
ed from this report (i.e., no additional correlates of mindful-
ness were examined but not reported). A full list of materials is
available by contacting the first author.

Data Analyses

DSQ scores were log-transformed to reduce positive skew.
Zero-order correlations between all mindfulness and distress
variables can be found in Table S1, and correlations among
mindfulness variables as well as with anxiety sensitivity can be
found in Table S2 in the Online Resource.We conducted linear
mixed-effects model analyses using the Blme4^ package in R
(Bates et al. 2014) to test the role of each of the five individual
mindfulness facets in associations with distress over the two
CO2 tasks. All mindfulness variables were mean-centered. The
advantages of linear mixed modeling over more traditional
repeated-measures analysis of variance (ANOVA) ap-
proaches—such as improved flexibility in modeling time ef-
fects and more inclusive, unbiased handling of missing data—
have been extensively documented elsewhere (e.g., Nich and
Carroll 1997; Wilksch and Wade 2014). Thus, all available
values of a repeated measure, including those from participants
who dropped out, were included in our mixed model analyses.

The five individual mindfulness facets were examined in
separate models examining the incremental validity of each
individual facet, with the other four facets included as covari-
ates. All continuous variables were standardized prior to anal-
yses. Further, to ensure that our outcome measures specifically
captured participants’ distress in response to the laboratory
stressor, baseline levels of each distress measure at sessions 1
and 2 were entered as covariates in all regression models.
Phase of stressor was coded as an ordered within-subject factor
with three levels (Room Air/Mask, CO2 Inhalation, and
Recovery), allowing for the estimation of both linear and

quadratic trends for phase. Session was coded as a categorical
within-subject factor with two levels (session 1, session 2), and
distress type was coded as a categorical within-subject factor
with three levels (SUDS, DSQ-Phys/Fear, and DSQ-Cognitive
scores were standardized). Random effects of Intercept and
Distress type by Subject were included in each model to con-
trol for individual differences in mean distress levels and in
response variability across measures.

For the initial omnibus model, Distress was regressed onto
the fixed effects of Mindfulness, Session, Linear and Quadratic
phase, Distress type, and their 2-, 3-, and 4-way interaction
terms. An F test was first conducted on this full model to deter-
mine whether the effects of mindfulness differed by distress type
(i.e., if any interactions involvingMindfulness and Distress type
were significant). If not, these interaction terms were removed
from the simplified follow-up regression model; otherwise, sep-
arate follow-up regression models were conducted within each
Distress type. Regression statistics for each mixed-effects mod-
el, including regression weights for associations between mind-
fulness and distress at each session, are shown in Table 2. Slopes
across sessions and phases (as indicated) for a givenmindfulness
facet reflect standardized b’s, which represent the model-
predicted change in standard-deviation units of Distress from
session 1 to session 2 or across consecutive phases, respectively.
Only those interactions involving mindfulness are reported here
given the focus of the present research (full statistical results are
available from the lead author). There were significant negative
main effects of Session (with distress decreasing from session 1
to session 2) as well as Quadratic Phase for every model, except
where otherwise noted. The Variance Inflation Factor (VIF; a
widely used metric to assess multicollinearity) in the current
analyses were all less than 5 (and all except one were less than
4), well below the widely recommended cutoff of 10 (e.g., Hair
et al. 1998; O’brien 2007).

We computed power analyses for a mixed-effects model
using the Blmmpower^ package in R (Donohue and Edland
2016), and found that a sample size of 73 would provide 85%
power to detect a modest effect (i.e., a change in the outcome
corresponding .25 SD units) in a model with a continuous
predictor (i.e., mindfulness), a three-level within-subject
Btimepoint^ factor (with linear and quadratic trends), and a
two-level within-subject Bsession^ factor.

Results

Describing

The omnibus F test revealed no significant interactions in-
volving Describing and Distress type (all F < 3, all
p > 0.05); thus, subsequent regression analyses were collapsed
across Distress type. As seen in Table 2, there was no signif-
icant main effect of Describing, suggesting that higher
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Table 2 Mixed-effects
regression results for associations
between mindfulness variables
and distress across sessions and
phases of the CO2 task
(standardized β coefficients are
shown)

Outcome Predictors β SE t p

Overall distress

Describing 0.03 0.05 0.64 0.53

Session 2 vs. session 1 Distress − 0.17 0.04 − 4.52 < 0.01

Linear effect of CO2 phase 0.01 0.03 0.44 0.66

Quadratic effect of CO2 phase − 0.83 0.03 − 26.07 < 0.01

Describing x Session 0.08 0.04 2.18 0.03

Session 1 Describing − 0.01 0.05 − 0.17 0.86

Session 2 Describing 0.07 0.05 1.37 0.18

High Describing session 1 to 2 Slope in Distress − 0.09 0.05 − 1.58 0.11

Low Describing session 1 to 2 Slope in Distress − 0.25 0.05 − 4.87 < 0.01

SUDS

Non-judging − 0.18 0.09 − 1.98 0.05

Session 2 vs. session 1 SUDS − 0.35 0.06 − 5.94 < 0.01

Linear effect of CO2 phase − 0.01 0.05 − 0.16 0.88

Quadratic effect of CO2 phase − 0.80 0.05 − 16.04 < 0.01

Non-judging x session 0.12 0.06 2.06 0.04

Session 1 Non-judging − 0.24 0.09 − 2.52 0.01

Session 2 Non-judging − 0.12 0.09 − 1.26 0.21

High Non-judging session 1 to 2 Slope in SUDS − 0.23 0.08 − 2.79 < 0.01

Low Non-judging session 1 to 2 Slope in SUDS − 0.46 0.08 − 5.79 < 0.01

DSQ physical/fear

Non-judging − 0.22 0.08 − 2.79 0.01

Session 2 vs. session 1 DSQ physical/fear − 0.14 0.06 − 2.18 0.03

Linear effect of CO2 phase 0.20 0.05 3.69 < 0.01

Quadratic effect of CO2 phase − 0.98 0.05 − 18.20 < 0.01

DSQ cognitive

Non-judging − 0.03 0.06 − 0.55 0.58

Session 2 vs. session 1 DSQ cognitive − 0.02 0.07 − 0.23 0.82

Linear effect of CO2 phase − 0.16 0.06 − 2.77 0.01

Quadratic effect of CO2 phase − 0.73 0.06 − 12.30 < 0.01

Overall distress

Non-reacting − 0.10 0.05 − 2.05 0.04

Session 2 vs. session 1 Distress − 0.17 0.04 − 4.67 < 0.01

Linear effect of CO2 phase 0.01 0.03 0.25 0.81

Quadratic effect of CO2 phase − 0.83 0.03 − 26.18 < 0.01

Non-reacting x Linear phase − 0.12 0.03 − 3.75 < 0.01

High Non-reacting Linear Slope across phases − 0.12 0.08 − 1.53 0.13

Low Non-reacting Linear Slope across phases 0.10 0.07 1.29 0.20

Main effect of Non-reacting at Mask phase − 0.01 0.06 − 0.12 0.90

Main effect of Non-reacting at CO2 phase − 0.09 0.05 − 1.87 0.07

Main effect of Non-reacting at Recovery phase − 0.18 0.06 − 3.02 < 0.01

Overall distress

Acting with awareness 0.09 0.05 1.72 0.09

Session 2 vs. Session 1 Distress −0.16 0.04 −4.20 < 0.01

Linear effect of CO2 phase 0.01 0.03 0.23 0.82

Quadratic effect of CO2 phase −0.84 0.03 −26.26 < 0.01

Awareness x Session 0.11 0.04 3.13 < 0.01

Session 1 Awareness 0.03 0.05 0.55 0.58

Session 2 Awareness 0.14 0.05 2.69 < 0.01
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describing was not uniquely associated with lower overall
distress after taking into account all other facets. There was a
significant Describing x Session interaction (see Fig. 1, top
left), such that those low in describing had a significant de-
crease in distress across sessions while distress did not signif-
icantly change across sessions for those high in describing.
Describing was not significantly associated with distress at
either time point alone.

Non-judging

The omnibus F test revealed a significant two-way Non-judg-
ing x Distress Type interaction (F(2.74) = 4.48, p = 0.02); thus,
separate follow-up regression analyses were conducted for
each of the three distress measures. As seen in Table 2, there
was a negative effect (at p = 0.05) of non-judging for SUDS
and a significant negative effect for DSQ Physical/Fear, sug-
gesting that a higher level of non-judging was associated with
lower distress of those types. There was also a significant
Non-judging x Session interaction for SUDS. In line with
hypotheses, higher non-judging was significantly associated
with lower subjective distress at session 1 (see Fig. 1, bottom

left), though not at session 2. Both those low and high in non-
judging had significant decreases in distress across sessions.

Non-reacting

The omnibus F test revealed no significant interactions in-
volving Non-reacting and Distress type (all F < 2, all
p > 0.10); thus, subsequent regression analyses were collapsed
across Distress type. As shown in Table 2, similar to non-
judging for DSQ Physical/Fear, there was a significant nega-
tive main effect of Non-reacting, indicating that participants
higher in non-reacting reported less overall distress. Unlike
other mindfulness facets, there was no significant Non-
reacting x Session interaction, suggesting that non-reacting
had similar associations with distress at each session. There
was a significant Non-reacting x Linear Phase interaction,
although individual slopes for those high and low in non-
reacting were not significant. As seen in Fig. 2 (top panels),
participants low in non-reacting had a slight overall increase in
distress over the course of the CO2 challenge, whereas those
high in non-reacting had little change. To further clarify this
interaction, follow-up regression analyses were run to exam-
ine the main effect of non-reacting at each phase of the

Table 2 (continued)
Outcome Predictors β SE t p

High Awareness session 1 to 2 Slope in Distress − 0.04 0.05 − 0.80 0.42

Low Awareness session 1 to 2 Slope in Distress − 0.27 0.05 − 5.49 < 0.01

Overall distress

Observing 0.04 0.05 0.90 0.37

Session 2 vs. session 1 Distress − 0.17 0.04 − 4.49 < 0.01

Linear effect of CO2 phase 0.02 1.42 0.57 0.57

Quadratic effect of CO2 phase − 0.83 1.42 − 26.12 < 0.01

Observing x Session 0.08 0.04 2.13 0.03

Session 1 Observing 0.00 0.05 0.07 0.94

Session 2 Observing 0.08 0.05 1.50 0.14

High Observing session 1 to 2 Slope in Distress − 0.09 0.05 − 1.62 0.10

Low Observing session 1 to 2 Slope in Distress − 0.25 0.05 − 4.74 < 0.01

Observing x Linear Effect of phase 0.07 1.45 2.05 0.04

High Observing Linear Slope in Distress across phases 0.09 0.05 1.84 0.07

Low Observing Linear Slope in Distress across phases − 0.05 0.05 − 1.08 0.28

Observing x Quadratic Effect of phase 0.09 1.44 2.72 < 0.01

High Observing Quadratic Slope in Distress across
phases

− 0.74 0.05 − 16.18 < 0.01

Low Observing Quadratic Slope in Distress across
phases

− 0.92 0.04 −20.56 < 0.01

Baseline SUDS, DSQ Physical/Fear, and DSQ Cognitive at each session were included as continuous covariates
in eachmodel. Main effects and interactions of FFMQ facets are in bold. Low and High Describing, Non-judging,
Acting with awareness, and Observing reflect model-predicted values at − 1 and + 1 SD from the mean of their
respective facets of the Five Facet Mindfulness Questionnaire

SUDS subjective units of distress, DSQ Physical/Fear Diagnostic Symptom Questionnaire physical and fear
symptoms, DSQ Cognitive Diagnostic Symptom Questionnaire threat cognitions

**p < 0.01, *p < 0.05

932 Mindfulness (2018) 9:925–938



challenge (Mask, CO2 Inhalation, and Recovery). As seen in
Table 2, these analyses revealed no significant main effect
of non-reacting during the Mask phase, a marginally sig-
nificant (p = 0.07) negative effect of non-reacting during
CO2 inhalation, and a significant negative effect of non-

reacting during the Recovery phase, such that a higher
level of non-reacting was associated with a lower level
of distress. Taken together, these results indicate that the
effects of non-reacting became more pronounced at the
later phases of the challenge.

Low Non-reacting

Mask CO2 Recovery Mask CO2 Recovery

Low Observing

Mask CO2 Recovery Mask CO2 Recovery
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Fig. 2 Brest fit lines and scatterplots for the Linear Phase x Non-reacting
(top) interaction and the Linear and Quadratic Phase x Observing
interactions (bottom) for Overall Distress. Low and High Non-reacting,

as well as Low and High Observing represent participant groups that are
− 1 and + 1 SD (respectively) from the mean of their respective facets of
the Five Facet Mindfulness Questionnaire

**p < .01 
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Fig. 1 Simple slopes for the Session x Describing (top left), Session x
Awareness (top right), and Session x Observing (bottom right)
interactions for Overall Distress, as well as the Session x Non-judging
(bottom left) interaction for SUDS. **p < 0.01. SUDS subjective units of
distress. Low and High Describing, Awareness, Non-judging, and

Observing reflect model-predicted values at − 1 and + 1 SD from the
mean of their respective facets of the Five Facet Mindfulness
Questionnaire. Standardized b’s reflect the model-predicted change in
standard-deviation units of Distress from session 1 to session 2
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Acting with Awareness

The omnibus F test revealed no significant interactions involv-
ing Acting with awareness and Distress type (all F < 2.5, all
p > 0.10); thus, subsequent regression analyses were collapsed
across Distress type. As seen in Table 2, similar to describing,
there was no significant main effect of Awareness but there was
a significant Awareness x Session interaction that was again
characterized by those low in awareness showing a significant
decrease in distress across sessions, whereas those high in
awareness showed little change. Unlike results for describing,
in this case higher awareness was significantly associated with
greater distress at session 2 (see Fig. 1, top right).

Observing

The omnibus F test revealed no significant interactions in-
volving Observing and Distress type (all F < 2, all p > 0.10);
thus, subsequent regression analyses were collapsed across
Distress type. As seen in Table 2, there was no significant
main effect of Observing, suggesting that higher observing
was not associated with lower overall distress. Similar to de-
scribing and acting with awareness, there was a significant
Observing x Session interaction, such that those low in ob-
serving reported a significant decrease in overall distress while
those high in observing did not significantly change across
sessions (see Fig. 1, bottom right). Following the results for
describing, observing was not significantly associated with
distress at either time point alone. Similar to non-reacting,
there was a significant Observing x Linear Phase interaction
for overall distress, although individual slopes for those high
and low in observing were not significant. Follow-up regres-
sion analyses examining the main effect of observing at each
phase of the challenge revealed no significant main effects of
observing at any phase, though there was a marginally signif-
icant trend (p = 0.07) for High Observing being associated
with increases in distress across phases. In addition, there
was a significant Observing x Quadratic Phase interaction
and individual quadratic trajectories across phases were sig-
nificant for those low and high in observing, though follow-up
regression analyses revealed no significant main effects of
associations between observing and distress at any phase of
the challenge. As seen in Fig. 2, the quadratic trend resembled
an upside down BU^ for both groups over the course of the
CO2 task, with those low in observing showing relatively
more curvature in distress across phases than those high in
observing. Descriptively, there was a pattern for those low
(vs. high) in observing to have a relatively greater increase
in overall distress from the mask to CO2 inhalation phases,
followed by a greater decrease in distress from the CO2 inha-
lation to recovery phases, suggesting more intense changes
across phases in response to the CO2 challenge compared to
those high in observing.

Examining Incremental Validity of Mindfulness in CO2

Responding

Research has found that anxiety sensitivity, which reflects a
fear of anxiety-related symptoms, is the strongest and most
robust predictor of CO2 reactivity (Eke and McNally 1996;
Rapee et al. 1992). Thus, to establish the incremental value of
mindfulness measures beyond already-established predictors,
the models were rerun while controlling for anxiety sensitivity
using the ASI (i.e., ASI was included as a main effect covar-
iate), which allowed for testing the predictive validity of trait
mindfulness facets above and beyond ASI. Importantly, even
after reanalyzing the data controlling for the ASI, virtually all
of the original significant findings (in Table 2) remained sig-
nificant at p < 0.05, with two exceptions. Specifically, the
Describing x Session and Observing x Session interactions
became marginally significant after controlling for anxiety
sensitivity (β’s = 0.07, p’s = 0.07). The consistency of the
results points to the incremental value of mindfulness as a
unique correlate of CO2 responding, even after taking into
account anxiety sensitivity.

Discussion

The aim of the current study was to examine associations be-
tween trait mindfulness facets and level and changes in distress
in response to a repeated CO2 challenge, both between and
within sessions. Unexpectedly, a pattern emerged such that
lower levels of describing, acting with awareness, and observ-
ing (facets linked to noticing/attending to the present moment)
were each associated with a significant decrease in overall dis-
tress across administrations, whereas higher levels of those
facets were not associated with significant change in overall
distress. In contrast, higher levels of non-judging and non-
reacting (facets linked to non-evaluation of the presentmoment)
each tended to be associated with lower distress, with results
varying based on specific distress measure and time point (i.e.,
session and phase). Finally, some interesting patterns emerged
for non-reacting and observing in relation to distress across
phases (within a CO2 administration). Specifically, a higher
level of non-reacting was associated with a greater decrease in
distress over phases, resulting in less distress during the recov-
ery phase for those high (vs. low) in non-reacting. Further,
descriptively, it appeared that those high in observing reported
less change in distress in response to the CO2 challenge across
phases, relative to those low in observing.

As past research has found some mixed findings with re-
spect to unidimensional mindfulness, we believe our findings
highlight some of the potential pitfalls of solely focusing on
associations between a general mindfulness variable and stress
responses, and also highlight the limits of examining reactiv-
ity at a single time point. However, because the current study
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does not examine unidimensional mindfulness, an interesting
direction for future work is to examine how unidimensional
trait mindfulness (e.g., using the MAAS; Brown and Ryan
2003) is associated with changes in distress. For example,
given that we found evidence in the current study of facets
predicting distress in different directions, this may dilute the
effect of unidimensional mindfulness as a predictor of change
in distress. A better understanding of the relations between
unidimensional mindfulness and distress, as well as between
mindfulness facets and distress, may help researchers and cli-
nicians to identify which specific variables to target in therapy.
For example, although research has found that mindfulness-
based therapies (MBTs) are overall effective in treating anxiety
and mood problems, there is great variation among MBTstud-
ies in the degree to which they have been found to reduce
symptom severity (see Hofmann et al. 2010), and it is possible
that MBTs targeting a general mindfulness variable are influ-
enced by nuances at the facet level; that is, by facets predicting
distress in different directions. For example, a major compo-
nent of self-compassion, which some research has found to be
more strongly associated with depression/anxiety symptom se-
verity than is general mindfulness, involves adopting a calming
stance towards distressing thoughts (rather than over-
identifying with them; Van Dam et al. 2011) and aligns closely
with operational definitions of non-judging and non-reacting
(i.e., non-evaluation of internal experiences), both of which
were negatively associated with distress in the current study.

Somewhat surprisingly, a pattern emerged across multiple
facets such that lower mindfulness was associated with greater
decreases in distress across sessions, while higher mindfulness
was not significantly associated with change across sessions.
Though one might have expected the null effect for the high
mindful participants to be due to a floor effect (i.e., being so
low in distress at the first session that there was little room to
observe change in distress to subsequent stressors), this is
unlikely given that higher describing, acting with awareness,
and observing were not significantly associated with lower
distress at either session. Indeed, increased attention and ex-
posure to a feared stimulus (as afforded by higher describing,
acting with awareness, and observing) would typically be ex-
pected to lead to greater habituation versus those who avoid
exposure to a feared stimulus (e.g., Tang et al. 2015). Thus, we
offer alternative explanations that future work could also con-
sider. Paradoxically, it may be that a higher level of mindful-
ness is associatedwith attenuated learning and less habituation
to previously encountered stressors. One way to understand
this finding follows from Treanor’s (2011) proposal that mind-
fulness may at times enhance, but at other times negatively
influence, extinction learning. For example, a common con-
sequence of a high level of mindfulness is increased relaxa-
tion, which may result in avoidance of distress and decreased
opportunities for learning, similar to the impediments to suc-
cessful extinction learning caused by safety behaviors (e.g.,

drug use, distraction; Treanor 2011), although our data were
not able to test this speculation. Alternatively, it may be that
those who scored high on describing, acting with awareness,
and observing more generally attend to all present moment
experiences, and this balanced focus actually decreases the
amount of attention paid to a feared stimulus (e.g., CO2 chal-
lenge). If this were the case, it may not necessarily be that
greater attention to the present moment interferes with habit-
uation, as increasing these facets may actually lead to more
balanced focus on one’s experiences and not just the feared
stimuli. Clearly, future research is needed to evaluate moder-
ators that determine when mindfulness will enhance versus
interfere with learning given the clear clinical implications
(e.g., whether mindfulness should be encouraged during ex-
posure therapy).

Previous research has primarily examined mindfulness
facets in relation to distress to a single administration of a
stressful task. The present research was able to examine the
incremental validity of each facet in relation to distress across
two administrations of the CO2 challenge. A fascinating pat-
tern emerged such that lower (and not higher) levels of facets
related to noticing and attending to negative internal experi-
ences (i.e., describing, acting with awareness, observing) were
associated with significant decreases in distress across ses-
sions. In addition, a higher level of acting with awareness
was significantly associated with a higher level of distress at
the second session. In contrast, a high level of non-judging, a
facet tied to non-evaluation of internal experiences, was asso-
ciated with lower subjective distress at the first session.
Similarly, being high in non-reacting was associated with less
overall distress. Taken together, our findings are consistent with
a small yet growing body of literature suggesting that the effects
of Observing, Acting with Awareness, and Describing may de-
pend on levels of Non-judging or Non-reactivity (Eisenlohr-
Moul et al. 2012; Desrosiers et al. 2014; Peters et al. 2013;
Tomfohr et al. 2015). Future research (that is better powered
than the current study to test for interactive effects) could exam-
ine whether the tendency to notice and attend to negative inter-
nal experiences without accompanying non-judgment may ac-
tually impede normal habituation processes, perhaps because
the enhanced observation makes those experiences more over-
whelming, resulting in difficulties recognizing safety cues and
making non-threatening appraisals. In addition, future work
should also examine whether a propensity to withhold evalua-
tion of internal experiences, such as not labeling them as Bgood^
or Bbad,^ may be associated with less distress over time, espe-
cially to a novel stressor.

Taken together, these findings highlight the importance in
future work of focusing on individuals with low levels of
mindfulness, as well as looking at interactions among facets,
either by examining samples who systematically vary in levels
of noticing/attending and non-evaluating facets or by manipu-
lating these facets, with the aim of developing targeted
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interventions. For example, by recruiting individuals high and
low in various mindfulness facets, future work may test the
hypothesis that individuals high in describing, acting with
awareness, and observing, and yet low in non-judging, may
continue to have elevated levels of distress each time they are
confronted with a stressor because of their hypersensitivity to
negative internal experiences and difficulty withholding judg-
ment of those experiences as intolerable. Such work could
inform clinicians whowish to teach strategies that help patients
decrease the degree to which they attend to many details for
certain experiences while also encouraging a non-judgmental
response to those experiences that are noticed. This line of
research may be particularly important for efforts aimed at
attenuating distress to novel stimuli by allowing unpleasant
experiences to naturally occur without examining all aspects
in intensive detail and evaluating them as good or bad.

The present research allowed us to examine the incremental
validity of each facet in relation to phase of stressor, by separat-
ing out Mask (anticipation), CO2 inhalation (reactivity), and
Recovery phases. The finding that high (vs. low) observing
was associated with a trend for an increase in distress across
phases is somewhat consistent with previous research finding
that higher observing can be a positive predictor of distress (e.g.,
Bullis et al. 2014, though the finding of a flatter trajectory of
distress for those high in observing fits this pattern less clearly).
Once again, as a facet associated with noticing negative internal
experiences, future work should continue to examine whether a
higher level of observing, in the absence of other mindfulness
facets, is associatedwith hyperawareness and relatively high and
stable levels of distress before, in response to, and after, an active
stressor. In contrast, a higher level of non-reacting, a facet asso-
ciated with non-evaluation and accepting one’s reality, was as-
sociated with lower distress during the latter phases of the chal-
lenge and especially after the CO2 inhalation had passed. Thus,
future work should examine whether increasing levels of non-
reacting is particularly useful for attenuating distress when faced
with a prolonged stressor, such as sitting in traffic, and when
quickly regaining composure to manage multiple stressors is
crucial, such as when managing multiple deadlines.

Limitations and Future Directions

There are several suggestions for future research in light of
limitations of the present study. Given that some of the find-
ings were exploratory and others were somewhat inconsistent
with hypotheses, more work is needed to increase confidence
in our findings. It is important to note that our findings were
based on a single study with 93 participants, and we advise
caution in making any claims until these results are replicated.
We are, however, encouraged that our findings support and
contribute to emerging literature finding differential associa-
tions between mindfulness facets and distress. Although attri-
tion analyses revealed that those who returned for the second

session did not differ from those who did not return in terms of
anxiety sensitivity or CO2 distress variables, the reasons for
declining to return are unknown. Thus, it is possible that those
who opted out were more avoidant, leading to a slightly biased
sample, though it seems unlikely this would have had a large
effect given the absence of other differences in CO2

responding. Because data were collected from an undiagnosed
sample of undergraduate students, future research is needed to
examine the link between mindfulness and response to repeat-
ed stressors in clinical samples. For example, future research
may examine the potential relationship between mindfulness
and comorbid psychiatric conditions on stress responses.

Although the FFMQ is a popular and informative measure
used inmindfulness research, there is some concern that facets
may be more accurately conceptualized as mindfulness-
related skills rather than mindfulness per se (see Brown et al.
2007), which is supported by the finding of differential item
functioning based on meditation experience (Van Dam et al.
2009). Future work may wish to examine the relations be-
tween mindfulness traits and mindfulness skills. For example,
research in personality suggests that mindfulness skills may be
more malleable and thus evidence faster change than mindful-
ness traits. Another suggestion for future research is to assess
state mindfulness and/or obtain qualitative descriptions of at-
tention during the CO2 challenge. For example, one might
expect those high in the observing facet to use highly negative
descriptive language to describe their subjective experience at
each phase of the CO2 challenge. Additionally, despite a lack
of association between several mindfulness variables (describ-
ing, acting with awareness, observing) and overall subjective
distress at session 1, there is a possibility that other approaches
to examining distress, such as examining peak distress or
physiological indicators of arousal, would reveal that those
low in mindfulness had a greater potential for habituation/
regression to the mean.

As mindfulness questionnaire data were collected at session
2, it cannot be ruled out that experience from session 1 influ-
enced mindfulness scores. Although trait mindfulness is theo-
rized to demonstrate the same relative stability over time as
other personality traits (so is unlikely to meaningfully change
over the course of a week without any direct intervention),
future research may examine whether trait mindfulness chang-
es as a function of time and/or experience with stressors and
examine mindfulness as a longitudinal predictor. Further, fu-
ture research may include more than two CO2 challenge ad-
ministrations to better understand how mindfulness is associ-
ated with responses to repeated stressors. Additionally, future
research may examine whether mindfulness is more strongly
associated with self-reported versus physiological measures of
distress, whichmay elucidate mechanisms linking mindfulness
to anxiety. For example, a stronger association with self-
reported (vs. physiological) distress could suggest that the
mechanisms connecting mindfulness to stress/anxiety are
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primarily cognitive in nature (e.g., mindfulness influencing
perceptions of negative stimuli and/or threat appraisals).
Finally, by randomly assigning participants to different condi-
tions aimed at increasing or decreasing specific mindfulness
facets, future research may examine the causal effects of
noticing/attending facets and non-evaluative facets on distress.

Despite these limitations, the present research extends
existing research by demonstrating that the relation between trait
mindfulness and distress to a repeated stressful task is largely
dependent on the mindfulness facet in question. Findings for
isolated individual facets varied at both the between-and with-
in-session level, suggesting valuable directions for future re-
search to determine whether variable interventions (e.g., differ-
ent types of observing or thought defusion exercises) may be
needed to address different facets of mindfulness.
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