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A B S T R A C T

Objective: Mindfulness training has been shown to improve psychological well-being and physical health. One
proposed pathway for the positive effects of mindfulness training is through the development of new emotion
regulation strategies, such as the ability to experience emotions by observing and accepting them without
judgment. Theoretically, this should facilitate recovery from negative emotional states; however, this has rarely
been examined empirically. The goal of the current study was to determine whether mindfulness training is
associated with more efficient emotional and cardiovascular recovery from induced negative affect.
Methods: The current study tested emotional and cardiovascular recovery from induced negative affect during a
personal recall task in women randomly assigned to 6-weeks of mindfulness training (n = 39) compared to
women assigned to a wait-list control condition (n = 32). During baseline, task, and post-task rest, blood
pressure and heart rate were monitored at fixed intervals and heart rate variability (HRV) and pre-ejection
period (PEP) were monitored continuously. This study was embedded within a randomized trial that evaluated
the effects of mindfulness training in a sample of younger breast cancer survivors, a group in need of access to
effective psychosocial intervention as they can experience high stress, anxiety, and physical symptoms for many
years in to survivorship.
Results: In response to the personal recall task, women in both the intervention and control groups showed
significant increases in sadness, anxiety, and anger, with the intervention group reaching higher levels of sadness
and anger than controls. Further, the intervention group showed a significantly steeper decline in sadness and
anger, as well as steeper initial decline in diastolic blood pressure compared to women in the wait list control
condition. Groups did not differ in their self-reported feelings of anxiety, or in blood pressure, heart rate, or pre-
ejection period (PEP) responses to the task. The control group demonstrated an increase in heart rate variability
(HRV) during the task (indexed by the root mean square of successive differences in heart rate; RMSSD) while
the intervention group remained flat throughout the task.
Conclusion: Compared to the control group, women in the intervention group experienced greater negative
emotions when recalling a difficult experience related to their breast cancer, and demonstrated an efficient
emotional and blood pressure recovery from the experience. This suggests that mindfulness training may lead to
an enhanced emotional experience coupled with the ability to recovery quickly from negative emotional states.

1. Introduction

Being mindful is the act of “paying attention in a particular way: on

purpose, in the present moment, and nonjudgmentally” (Kabat-Zinn,
1994). Mindfulness is a way of relating to the present moment that is
thought to reduce overall suffering and increase well-being (Ie et al.,
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2014). Indeed, randomized controlled trials have shown that mind-
fulness-based psychological interventions can improve stress-related
mental health outcomes including anxiety, depressive symptoms, and
perceived stress (for reviews see Keng et al., 2011, and Goyal et al.,
2014).

One proposed pathway for the positive effects of mindfulness
training is its facilitation of new strategies for adaptive emotion reg-
ulation (e.g. Bishop et al., 2004; Kabat-Zinn, 1994; Teper et al., 2013).
Emotion regulation can be described as the process by which in-
dividuals “influence which emotions they have, when they have them,
or how these emotions are experienced or expressed” (Gross and
Levenson, 1997). Mindfulness training theoretically alters how one
experiences emotions because the training exercises teach participants
to non-judgmentally observe and accept, rather than react to, their
thoughts and feelings (Kabat-Zinn, 1994). Therefore, we might expect
mindfulness training to improve responses to and recovery from nega-
tive emotions by increasing acceptance of the emotion and decreasing
negative thinking about it (Bishop et al., 2004). Indeed, several studies
have found that mindfulness-based interventions lead to self-reported
improvements in emotion regulation, including reduced rumination
(for discussions of this literature see Chambers et al., 2009; Chiesa and
Serretti, 2009; Roemer et al., 2015).

Studies examining the effects of mindfulness on responses to nega-
tive emotions are primarily experimental studies in which mindfulness
is induced via a short guided meditation immediately prior to showing
participants emotionally provocative stimuli such as emotional film
clips (e.g. Arch and Craske, 2006; Erisman and Roemer, 2010). These
laboratory studies suggest that brief inductions of mindfulness can de-
crease reactivity and speed recovery from aversive stimuli (for a review
see Keng et al., 2011). However, it remains unknown whether mind-
fulness training over several weeks (consistent with mindfulness-based
psychological interventions) alters responses to negative emotions
without inducing states of mindfulness, and whether responses are al-
tered in situations that trigger a complex set of emotions, not just single
emotions as is the case when using emotional film clips as the stimuli.

Few studies have examined whether mindfulness training alters
emotional responses to induced negative affect in healthy adults.
Previous studies have shown that mindfulness training can decrease
perceptions of how stressful the Trier Social Stress Test (TSST) is, a
commonly used acute stress paradigm that uses social evaluate threat to
induce negative affect, including anxiety (Britton et al., 2012; Creswell
et al., 2014; Nyklíček et al., 2013). However, only one of these studies
reports on group differences in emotions post-task, which is important
in the evaluation of whether mindfulness improves the ability to re-
covery quickly from an emotionally arousing event. Britton et al. (2012)
found that in comparison to the control group, participants who re-
ceived 8-weeks of mindfulness-based cognitive training (MBCT) re-
ported significantly lower state anxiety after the TSST. No studies re-
ported on treatment group differences in emotional recovery
trajectories (change in emotion ratings from during the task to the post-
task rest period). These studies are limited in that they do not examine
whether mindfulness training specifically improves recovery from ne-
gative affect inducing situations, or whether mindfulness training alters
responses to tasks other than the TSST.

Coupled with improving emotional recovery, mindfulness training
may also enhance physiologic recovery from experiences of strong
emotion (Kabat-Zinn, 1994), though few studies have examined this
hypothesis in healthy adults. Nyklíček et al. (2013) reported that eight
weeks of mindfulness-based stress reduction (MBSR) led to a significant
decrease in blood pressure reactivity in response to the TSST from pre-
to post-intervention compared to an active health education control
condition, though the authors did not report tests of group differences
in blood pressure recovery. In a study of a brief mindfulness interven-
tion, participants who engaged in three days (25 min per day) of
mindfulness training compared to three days of cognitive training did
not differ in the overall pattern of blood pressure response to the TSST

(Creswell et al., 2014). Examining the effect of mindfulness training on
recovery from emotional arousal is an important area of research given
the proposed role of physiological recovery in healthy biological func-
tioning. Specifically, prolonged physiologic activation, indicating in-
efficient recovery, is thought to damage the cardiovascular, immune,
and endocrine systems over time, acting as a key mediator in stress-
disease models (Linden et al., 1997; McEwen, 1998). Longitudinal
studies have demonstrated that slower blood pressure recovery from
stressful behavioral tasks (e.g. mirror tracing) predicts cardiovascular
disease events years later (Pieper and Brosschot, 2005; Steptoe and
Marmot, 2005). Thus, faster, more efficient recovery from arousal may
be protective.

In addition to interest in the role of cardiovascular responses to
emotional arousal, a growing number of studies are examining the re-
lationship between the autonomic nervous system and emotional re-
sponses and regulation (Appelhans & Luecken, 2006). Theoretical
models, and some empirical evidence, point to an association between
parasympathetically mediated heart rate variability (HRV) and various
measures and outcomes relevant to regulated emotional responding
(Appelhans and Luecken, 2006; Porges, 2007; Thayer and Lane, 2000).
Experimental studies of HRV responses to acute induction of discrete
emotions have shown that some emotions increase HRV (e.g. sadness,
amusement) and some decrease HRV (e.g. anger, anxiety; for a review
see Kreibig, 2010). HRV responses to more complex emotional experi-
ences, such as those induced by personal recall paradigms, have rarely
been explored. Additionally, what constitutes a ‘good’ HRV response to
emotional arousal, and how psychosocial interventions may modulate
HRV responses, remains unknown.

The purpose of the current study was to experimentally probe
whether mindfulness training improves the ability to recover from ne-
gative affect and associated physiological arousal. This study was em-
bedded within a randomized trial that evaluated the effects of 6-weeks
of mindfulness training in a sample of younger breast cancer survivors
(Bower et al., 2015). Approximately 20% of breast cancers occur among
women younger than 50 (American Cancer Society, 2014). Younger
women with breast cancer report higher levels of stress and depression
and more physical symptoms such as fatigue and sleep disturbance
compared to older women with breast cancer and healthy age-matched
controls (Howard-Anderson et al., 2012). These women are diagnosed
with a life-threatening illness at a time that is out of sync with ex-
pectations of health problems. Many feel isolated from both their peers
and from the breast cancer community (Thewes et al., 2004), where the
median age of diagnosis in the U.S. is 62 (National Cancer Institute,
2016). Their need makes them an important group to target for inter-
vention, and more broadly, they present a good model for examining
interventions that aim to decrease stress and improve physical health in
high-risk samples. Results of the parent trial showed a significant de-
crease in perceived stress and a marginal decrease in depressive
symptoms among women randomized to mindfulness training com-
pared to the wait-list control group, and a decrease in inflammation-
related gene expression (Bower et al., 2015).

In order to probe recovery from experiencing acute negative affect
using an ecologically valid approach, we adapted a previously validated
personal recall paradigm (Gerin et al., 2006; Salas et al., 2012). In this
version of the task, participants re-lived an anxiety-provoking experi-
ence related to their diagnosis and treatment of cancer. We chose this
task to approximate the real-world emotional experiences of young
breast cancer survivors. Cancer-related anxiety is particularly relevant
for our sample of young breast cancer survivors, as they can struggle
with fears of recurrence and cancer-related intrusive thoughts for years
after diagnosis (Bloom et al., 2001; Dupont et al., 2014; Koch et al.,
2012).

We hypothesized that women in the mindfulness group would re-
cover more quickly on outcomes of state negative affect, blood pressure,
and heart rate in response to recalling a negative emotional experience
compared to the control group, given that mindfulness training
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emphasizes observing and accepting emotions without efforts to alter
them. We also examined the effects of the intervention on para-
sympathetic nervous system (via a measure of heart rate variability;
HRV) and sympathetic (via measurement of pre-ejection period; PEP)
responses. We did not have directional hypotheses about these out-
comes given the limited research on autonomic nervous system re-
sponses to tasks that evoke a complex set of emotions, such as the
personal recall task we used.

2. Methods

2.1. Study design

Data came from a study of 71 breast cancer survivors who partici-
pated in a single-center, two-armed RCT of mindfulness meditation at
the UCLA Medical Center, Los Angeles, CA between March 2011 and
October 2012. Study recruitment and randomization are described in
detail in Bower et al. (2015). Briefly, participants were randomly as-
signed to a six-week mindfulness intervention or wait-list control. They
completed an in-person assessment pre- and post-intervention, and
questionnaires 3-months later. The UCLA Institutional Review Board
approved study procedures, and written informed consent was obtained
from participants.

2.2. Participants

Women were eligible for the study if they had been diagnosed with
Stage 0–III breast cancer at or before age 50. Participants were required
to have completed local and/or adjuvant cancer therapy (except hor-
monal therapy) at least three months prior to study entry, and were
eligible for up to 10 years post-cancer treatment. Women were excluded
if they had a breast cancer recurrence, metastasis, or another cancer
diagnosis (excluding non-melanoma skin cancer), had an active un-
controlled medical illness, or were unable to commit to the intervention
schedule.

2.3. Intervention

The mindfulness intervention was based on the Mindful Awareness
Practices (MAPs) program developed by the UCLA Mindful Awareness
Research Center (MARC; http://marc.ucla.edu). The intervention was
tailored for younger breast cancer survivors by focusing on issues
known to be relevant for them (e.g. fears of recurrence, staying healthy
in survivorship). Women assigned to the intervention group met for six
weekly two-hour group sessions. These sessions included presentation
of theory and research on mindfulness and relaxation, experiential
practice of mindfulness meditation, and a psycho-educational compo-
nent for cancer survivors. Diana Winston, the Director of Mindfulness
Education at MARC, with over 20 years of experience teaching mind-
fulness meditation, taught the course. The wait-list condition controlled
for levels of interest in mindfulness training, as well as naturally oc-
curring changes in stress and other outcomes over the assessment
period. Participants in the waitlist control condition were offered the
intervention at the end of the study.

Key areas of focus in the mindfulness program were paying atten-
tion to the present moment, managing pain, working with negative
emotions, and implementing mindfulness practices in daily life.
Techniques for working with negative emotions included cultivating
meta-awareness to learn to let go of difficult thoughts and feelings ra-
ther than being caught in them, and cultivating positive emotions to
counteract a negative orientation. For example, one exercise led parti-
cipants through a meditation in which they used imagery to visualize
their thoughts as “floating down a river while you are seated on the
riverbank.” Theoretically, this meta-cognitive approach allows women
to experience negative thoughts and emotions with distance, thereby
avoiding the feed-forward loop of perseverative cognition (i.e.

rumination, worry) and associated physiologic arousal that is thought
to prevent efficient recovery (Brosschot et al., 2005).

2.4. Procedures for post-intervention assessment

Participants completed an in-person clinic visit before and after the
intervention (within two weeks of the final class). During the visit
participants completed psychosocial questionnaires and provided blood
samples for immune evaluation. Effects of the intervention on these
outcomes are described in Bower et al. (2015).

At the post-intervention assessment, participants also completed a
personal recall task designed to induce negative emotions. To begin this
task, participants were first connected to physiological monitoring
equipment (described below) and asked to rest quietly for 10 min while
baseline physiological measures were collected. Women were then told
they were going to engage in a brief conversation about something
related to their breast cancer experience. Specifically, women were
asked to identify a time within the last year that they experienced an-
xiety related to their breast cancer experience. Anxiety was chosen
given that more than half of younger breast cancer survivors report
high levels of anxiety, even five years after diagnosis (Bloom et al.,
2001). To ensure the chosen topic was potent enough to elicit arousal,
participants were asked to rate from 1 to 10 how anxious they were at
the time of the original event. If they reported a score less than 7, they
were asked to think of another experience that provoked more anxiety.
Common experiences described were: yearly surveillance mammo-
grams, a friend’s cancer diagnosis, and fearing a perceived lump may
indicate cancer recurrence.

After identifying the personal experience, participants spent 5 min
telling the story of that experience, and were asked to connect with
their original emotions as best they could by describing the feelings,
thoughts, and sensations they had during that time. The research staff
asked follow-up questions to prompt participants (e.g., “Where did you
feel that emotion in your body?”, “Tell me more about what you were
thinking in that moment.”). After completing the task, participants
were thanked by the research assistant for sharing their experience and
asked to sit quietly for a 12-min period of rest. Participants were not
cued to use mindfulness or any other skills during or after the task. A
trained graduate-level research assistant who was unaware of group
assignment administered this task. The task was conducted only at post-
intervention to avoid habituation.

To assess emotional and physiological responses to the task, data
were captured at set intervals or continuously (for certain physiological
measures) throughout a 10-min baseline period, during the task (for
physiological assessment only), immediately post-task, and during a 12-
min period of rest.

2.5. Emotional response measures

Emotional responses were captured with three items from the
Positive and Negative Affect Schedule (PANAS; Watson and Clark,
1994) at baseline, immediately after the task, and mid-way through the
12-min rest period. Women reported how anxious, sad, and angry they
felt on a scale from 1 (not at all) to 4 (extremely). These emotions were
chosen a priori as these were the emotions we anticipated the task
would induce.

2.6. Physiologic response measures

Physiological responses to the task were assessed via periodic blood
pressure and heart rate monitoring and continuous collection of elec-
trocardiography (ECG) and impedance cardiography (ICG) data
throughout the task. Participants were asked to sit comfortably in a
chair with both legs on the floor and arms in their lap or on the armrest
as the data were collected. They were not given reading materials or
other distractions, and were asked to minimize moving and speaking
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during the baseline and rest periods.

2.6.1. Blood pressure and heart rate data collection
Cardiovascular data were captured with heart rate and blood pres-

sure readings at the following intervals via an automated blood pres-
sure cuff (Dinamap Pro100V2; GE Medical Systems): during the 10-min
baseline (at min 5, 7, and 9), during the 5-min recall task (at min 2 and
4), immediately post-task (within 3 min of the task completing), and in
the second half of the 12-min rest (at min 7, 10, and 12). Values were
averaged across each time period (Christenfeld et al., 2000).

2.6.2. Heart rate variability (HRV) and pre-ejection period (PEP) data
collection

Autonomic nervous system (ANS) activity was monitored with
electrocardiography (ECG) and impedance cardiography (ICG). Three
general purpose electrodes (Biopac Systems, Inc., USA) were placed on
the participants’ inner forearms and on the collar bone. Four bioim-
pedance strip transducers (Biopac Systems, Inc., USA) were placed on
the back of the neck and lower back. Electrodes were attached to the
processor (MP150; Biopac Systems, Inc., USA), which was connected to
a local computer via ethernet. Data were captured continuously and
processed off-line in 2–3 min bins of data using AcqKnowledge 4.2
(Biopac Systems Inc., USA) and Kubios software programs (University
of Kuopio, Finland). Data from baseline, during task, and the rest period
were averaged to calculate the final values used in analyses. Since we
anticipated arousal levels to differ in the beginning versus the end of
the rest period, we calculated averaged values from the first three
minutes post-task and from the second half of the rest period (min
6–12).

To examine parasympathetic nervous system activity, we used an
index of HRV, the root mean square of successive differences in R–R
intervals (RMSSD). RMSSD is computed from continuous ECG record-
ings by analyzing the variability in the intervals between heart beats
(R–R intervals; Task Force of the European Society of Cardiology and
the North American Society of Pacing Electrophysiology, 1996). RMSSD
is reported in milliseconds (ms), with higher RMSSD indicating in-
creased parasympathetic activation (Berntson et al., 1994; Task Force of
the European Society of Cardiology and the North American Society of
Pacing Electrophysiology, 1996).

PEP is a systolic time interval measure that has been used as an
estimate of beta adrenergic sympathetic nervous system activity
(Berntson et al., 1994; Berntson et al., 2004). PEP is measured by es-
timating the time interval from the beginning of the QRS complex (i.e.
the onset of the Q wave) in the ECG recording to the B point in the dZ/
dt waveform in the ICG recordings. Shorter PEP times reflect increased
beta adrenergic sympathetic nervous system drive on the heart.

2.7. Statistical analyses

Emotional and physiologic responses to the personal recall task
were examined using multilevel modeling, which is appropriate for
analyzing data with more than two time points nested within in-
dividuals. Multilevel mixed-effect models allow for the inclusion of all
available data, even when outcome data are missing. Intervention
group was included as a predictor at the level of the individual, with the
control group coded as ‘0′ and the intervention group coded as ‘1′.
Separate analyses were conducted for each outcome. Each model first
estimated the effects of group, time, and the group by time interaction
(group difference in overall response pattern), then tested specific
phases of the recovery pattern with simple effects estimates. An in-
dependent errors variance component structure was used.

We examined group differences in emotional recovery by testing
differences in mean change from immediately post-task (our attempt to
capture peak emotional experience since emotion ratings were not
captured during the task) to the rest period. We examined blood pres-
sure and heart rate recovery by testing the mean change from during

the task to the end of the rest period (recovery A). To test whether
group differences in recovery were more or less pronounced at the
beginning or end of the recovery trajectory, we also examined two
pieces of the recovery trajectory separately: change from during the
task to the first post-task blood pressure reading (recovery B) and
change from the first post-task blood pressure reading to the end of the
rest period (recovery C). Thus, recovery A allows for the examination of
the overall recovery pattern, and recovery B and C allows us to test
whether group differences in recovery happened at the beginning or
end of the recovery process. We followed the same analysis procedure
for RMSSD and PEP responses. Results for reactivity (mean change from
baseline to during task) are reported when appropriate though we had
no specific hypotheses about group differences in reactivity. We also
tested group differences in peak outcome scores (physiologic arousal
during the task and emotion ratings immediately after the task) using
follow-up contrasts.

3. Results

3.1. Sample characteristics

Detailed participant characteristics and intervention effects on pri-
mary psychological and immune outcomes have been reported (Bower
et al., 2015). Briefly, 71 women were randomized to the 6-week
Mindful Awareness Practices (MAPs; n = 39) intervention or to a wait-
list control condition (n = 32). Women were on average 47 years old, 4
years since diagnosis, White (76%), employed at least part-time (75%),
and had a family income over $100k (60%). Participants self-reported
their cancer stage: 11% reported stage 0 (n = 8), 35% stage 1 (n = 25),
44% stage 2 (n = 31), and 10% stage 3 (n = 7). The majority of women
had received chemotherapy (73%) and were currently on endocrine
therapy (64%). The intervention and control groups were comparable
at baseline on most demographic and cancer-related variables, though
women in the intervention group were slightly less likely to be married,
more likely to have received radiation, and more likely to have a history
of smoking than women in the control group (p’s ≤ .05). These group
differences were included as co-variates in the multilevel models, and in
the models with physiologic outcomes, body mass index (BMI) and age
were also included as these characteristics can influence biological
outcomes.

3.2. Emotional response to the personal recall task

Both groups reported increased anxiety, anger, and sadness in re-
sponse to the task, followed by significant decreases during the re-
covery period (Fig. 1a–c). Table 1 presents unadjusted mean values at
each time point and p values for group differences in reactivity and
recovery from multilevel models. The slope of recovery differed be-
tween groups, with the intervention group showing a steeper decline for
anger (p= .044) and sadness (p = .011) from post-task to rest than
controls. Groups did not differ in the recovery of anxiety (p = .833).
Reactivity slopes did not differ between groups, though the intervention
group did report greater sadness (p = .041) and greater anger
(p = .037) immediately post-task compared to the control group.

Emotional intensity increased on average from “not at all” to “a
little bit” in response to the task. These responses indicate that the
participants were experiencing the negative emotions at relatively low
intensity at the time points they were measured. However, participants
did confirm they were engaged with the task and able to re-experience
their negative emotions in this setting, reporting on average that they
felt extremely able to connect with their original emotions during the
task (x = 7.6, SD = 2.15, scale of 1 at the lowest to 10 at the highest).

3.3. Blood pressure and heart rate response to the personal recall task

Blood pressure and heart rate increased in response to the task and
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Fig. 1. Adjusted mean emotional responses to the personal recall task in the two groups.
Data from multilevel models.

Table 1
Means at each time point and results from planned contrasts comparing the intervention and control groups on emotional responses to the personal recall task.

Unadjusted means (SD) Group differences

Baseline Post-task Rest Reactivitya Recoveryb

Variable Intervention Control Intervention Control Intervention Control p p

Angry .16 (.45) .07 (.26) .93 (1.15) .64 (.87) .19 (.47) .36 (.78) .372 .044
Sad .31 (.69) .39 (.83) 1.79 (1.37) 1.46 (1.32) .38 (.66) .71 (1.12) .122 .011
Anxious .44 (.62) .82 (.86) 1.5 (1.23) 1.68 (1.16) .66 (.90) .93 (1.05) .507 .833

Note. Unadjusted means are presented here. P values for reactivity and recovery are based on adjusted models. Emotion ratings were given 6 min in to the 12-min rest period.
a Reactivity was calculated as the change from baseline to post-task.
b Recovery was calculated as the change from post-task to the rest period.

Fig. 2. Adjusted mean blood pressure and heart rate responses to the personal recall task
in the two groups. Data from multilevel models.
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then decreased during the rest period for both groups (Fig. 2a–c). The
recovery slope for DBP differed by group; the intervention group de-
monstrated a steeper initial decline of DBP from during the task to post-
task (recovery B), χ2 (1, N = 60) = 4.77, p= .029, indicating a more
pronounced recovery in the beginning of the rest period compared to
the control group. A similar pattern was seen for SBP, with the inter-
vention group showing a steeper initial decline, though this did not
reach statistical significance (recovery B; p = .104). Groups did not
differ in heart rate recovery speed, or in DBP, SBP, or HR reactivity. The
unadjusted means at each time point by group are presented in Table 2
and the results of the tests of reactivity and recovery from the multilevel
models are presented in Table 3.

3.4. Autonomic nervous system response to the personal recall task

Groups differed significantly in the overall response pattern of
RMSSD; the intervention group remained relatively flat throughout the
task while the control group RMSSD increased during the task and re-
turned to baseline post-task (Fig. 3a). The initial recovery slope differed
by group (recovery B), χ2 (1, N = 58) = 7.70, p = .006. During the
task, the groups had significantly different RMSSD values, with the
control group having a higher RMSSD compared to the intervention
group, p = .047.

For both groups, PEP decreased slightly during the task and in-
creased during the rest period; for the main effect of time, χ2 (3,
N = 61) = 13.9, p = .003 (Fig. 3b). This decrease in PEP is consistent
with sympathetic nervous system activation and is expected during
active tasks. There were no group differences in the pattern of PEP
response.

4. Discussion

This study assessed whether mindfulness training in younger breast
cancer survivors improved emotional and physiologic recovery in re-
sponse to recalling a negative cancer-related emotional experience.
Hypotheses that women randomly assigned to mindfulness training
would demonstrate faster recovery of negative affect, blood pressure,
and heart rate compared to controls were partially supported. The two
groups differed in emotional recovery (from the emotions sad and
angry), with the intervention group demonstrating a more efficient
recovery pattern. The group differences in recovery slope may be re-
lated in part to higher levels of negative emotions experienced by the
intervention group. Specifically, women in the intervention group re-
ported experiencing more sadness and anger immediately after the
personal recall, although there were no significant group differences in
emotional reactivity. Blood pressure response patterns were similar,
though the intervention group had a steeper decline in DBP compared

Table 2
Means for physiologic responses to the personal recall task.

Unadjusted means (SD)

Baseline During Task Post-Task Rest

Variable Intervention Control Intervention Control Intervention Control Intervention Control

DBP 67.9 (7.2) 68.9 (9.9) 78.0 (11.4) 76.7 (10.4) 70.1 (10.8) 73.9 (10.7) 70.0 (9.1) 71.5 (9.8)
SBP 109.9 (13.0) 109.8 (13.2) 123.7 (19.9) 120.7 (13.8) 115.2 (18.5) 119.2 (12.5) 112.4 (16.4) 113.1 (11.3)
HR 70.1 (10.7) 66.3 (8.4) 76.9 (10.4) 72.8 (10.6) 70.7 (10.2) 68.4 (10.9) 72.3 (10.3) 69.0 (8.9)
RMSSD 28.9 (12.8) 30.9 (16.2) 31.9 (17.8) 37.8 (21.6) 32.8 (17.5) 29.8 (13.1) 27.9 (14.1) 29.3 (14.8)
PEP 110.6 (16.8) 113.4 (17.6) 108.2 (16.7) 109.5 (14.8) 110.4 (17.6) 113.1 (14.9) 112.4 (18.6) 114.0 (14.4)

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; SD = standard deviation; RMSSD = root mean square of successes differences; PEP = pre-ejection
period.

Table 3
Results from planned contrasts comparing physiologic reactivity to and recovery from the
personal recall task in intervention and control groups.

Group response differencesa

Reactivity Recovery A Recovery B Recovery C

Variable p p p p

DBP .472 .196 .029 .361
SBP .587 .299 .104 .546
HR .480 .629 .340 .632
RMSSD .229 .167 .006 .164
PEP .550 .889 .538 .634

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate;
RMSSD = root mean square of successes differences; PEP = pre-ejection period;
SE = standard error. Analyses control for baseline group differences.

a Reactivity was calculated as the change from baseline to during the task. Recovery A
was calculated as the change from during the task to the end of the rest period (min
6–12); Recovery B was calculated as the change from during the task to immediately after
the task (first 3 min of the rest period); Recovery C was calculated as the change from
immediately after the task to the end of the rest period. P values are for group differences
in reactivity or recovery from multilevel models.

Fig. 3. Adjusted mean RMSSD and PEP responses to the personal recall task in the two
groups. Data from multilevel models.
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to the control group in the first three minutes after the task, indicating
efficient initial recovery. Experiences of anxiety and other cardiovas-
cular indices (SBP and HR) were similar across the two groups.

Our findings demonstrate that mindfulness training may increase
the ability to experience heightened emotions, and to recover efficiently
from negative emotions. The intervention group may have experienced
more intense negative emotions and recovered from the emotional
arousal efficiently because the mindfulness training taught them to non-
judgmentally experience, observe, and not attempt to control negative
thoughts and emotions (Kabat-Zinn, 1994). This is consistent with
evidence that mindfulness-based psychological interventions improve
the management of perseverative cognitions that often accompany and
prolong negative emotions, such as rumination (Campbell et al., 2012;
Jain et al., 2007; Goldin and Gross, 2010; Labelle et al., 2010). Rumi-
nation is a form of repetitive thinking about negative experiences that is
difficult to disengage from, can lead to continued distress and physio-
logical activation, and is indicative of maladaptive emotion regulation
(Ehring et al., 2011; Gerin et al., 2006). Several studies have found that
decreases in rumination or related constructs mediated the effect of a
mindfulness-based intervention on improvements in psychological well-
being (e.g. Shahar et al., 2010; Lengacher et al., 2014). Analyses from
the parent study indicate that decreases in self-reported rumination
mediated the effect of the intervention on depressive symptoms (Boyle
et al., 2017).

Women in the intervention group also demonstrated faster initial
decline in DBP after the personal recall task compared to women in the
control group. This finding is consistent with models of mindfulness
that propose that mindfulness training may exert its health benefits
through speeding recovery from emotion-induced physiologic arousal
(e.g. Creswell, 2015; Loucks et al., 2015). The efficient recovery may
have been driven by decreased rumination about the induced negative
emotion and related thoughts, as empirical work has demonstrated that
ruminating after an emotion induction is associated with higher DBP in
the recovery period as compared to mind wandering and problem sol-
ving (Ottaviani et al., 2016). There were no group differences in re-
covery for other cardiovascular measures. The lack of uniformity in
results for DBP, SBP, and heart rate is common in studies examining
cardiovascular responses to challenge as these indexes are influenced
by different physiological processes and combinations of mood states
(Shapiro et al., 2001). Furthermore, the finding of efficient DBP may
have greater health relevance for our sample compared to changes in
SBP or HR responses as resting DBP is the strongest predictor of car-
diovascular risk in adults younger than 50 years of age (Wang et al.,
2005). Importantly, the group difference in DBP was small and does not
imply differences in immediate disease risk, though small differences in
recovery may add up over time to confer protection from prolonged
activation thought to be associated with physiological degradation over
time (McEwen, 1998).

We found that the control group demonstrated increased RMSSD in
response to the personal recall task while the intervention group re-
mained flat throughout the task. This is somewhat surprising given that
initial evidence has linked greater resting HRV to the use of adaptive
emotion regulation and coping strategies, and lower resting HRV with
outcomes indicative of emotional dysregulation such as anxiety, de-
pression, and rigid attention processing of threat (Appelhans and
Luecken, 2006). However, most research on HRV has focused on
resting/baseline levels, whereas our study explored HRV responses to
an active task. Researchers have hypothesized that greater increases in
HRV during a task that requires emotion regulation is indicative of an
adaptive response (e.g. Blascovich et al., 2011), although few studies
have tested this. Based on these hypotheses, it would be expected that
participants who received the mindfulness training would demonstrate
increased RMSSD during the personal recall task as they were taught
tools for effectively handling difficult emotions. Instead, intervention
participants’ RMSSD remained stable throughout the task, while in-
creases were observed in the control group. This may indicate that

mindfulness training somehow reduced the theoretically adaptive HRV
response.

Another way to interpret these findings is through theoretical
models of self-regulation and parasympathetic functioning which sug-
gest that vagal activity increases while exerting self-regulatory efforts,
leading to increases in HRV (Segerstrom and Nes, 2007). Women in the
control group may have been using emotion regulation techniques that
require more cognitive effort, such as reappraisal (Keng et al., 2013),
which led to the increases in HRV during the task. This possibility is
consistent with a handful of studies that have shown that efforts to
modify emotional responses are associated with increased vagal ac-
tivity. For example, women who suppressed their emotions or re-
appraised them in response to an upsetting film clip showed significant
increases in vagal activity from baseline compared to women who were
not told to regulate their emotions (Butler et al., 2006). Future research
should explore whether alterations in vagal activity are associated with
different types of emotion regulation strategies during affective states,
and whether mindfulness training alters use of specific emotion reg-
ulation strategies. It is also possible that the two groups differed in their
reactivity and recovery at baseline as we did not perform the task prior
to the intervention.

Findings add to the existing literature in several ways. First, to our
knowledge, this is the first trial to examine mindfulness effects on
emotional and physiological responses to induced negative affect. One
of the key skills taught in mindfulness-based therapies is how to reg-
ulate difficult thoughts and emotions, though few previous studies have
used experimental inductions to test responses to negative emotional
experiences after participating in mindfulness training. Another
strength of the study is its use of a personal recall task. Re-experiencing
an anxiety-provoking experience related to their cancer is more nat-
uralistic than traditionally used stress paradigms (e.g. TSST) in that
young breast cancer survivors experience high levels of anxiety and
frequent anxiety-inducing experiences related to their cancer. Indeed,
situations women recalled during the experimental task (e.g., finding a
breast lump) echoed themes discussed during the mindfulness classes.
Furthermore, limited attention has been paid to the recovery phase of
the acute stress response in the broader literature and work examining
mechanisms of stress-reduction interventions, despite its discussion in
models of how stress influences health and well-being (Linden et al.,
1997; McEwen, 1998). Finally, examining the influence of mindfulness
training on sympathetic and parasympathetic reactivity is novel and
provides directions for future research into the physiological mechan-
isms by which mindfulness might exert its positive influence.

A limitation of this study is the use of a wait-list instead of an active
control condition. Future research should employ an active control
condition matched on outcome expectancies. Another limitation is the
homogeneity of the sample. Participants were all women, majority
White, and well educated; research is needed to determine whether
mindfulness training effects are similar across different ethnic/racial
and socioeconomic groups. Stronger effects may have been seen if the
personal recall task had elicited stronger emotions or if a task had been
chosen that elicited one single emotion predominantly. Although the
personal recall paradigm modeled negative emotions more natur-
alistically than traditional emotion induction paradigms, a limitation of
this task is that experiencing multiple emotions at once or in quick
succession makes it difficult to interpret the pattern of HRV response.
Future examination of HRV and emotion regulation requires improved
granularity in HRV assessment and emotion reporting. This can be done
by processing data in smaller bin sizes (less than 60 s segments of data)
and including a greater number of within-person repeated measure-
ments of emotion ratings. Because we asked participants to rate their
emotions at the end of the recall task, instead of during the task, we
likely missed their peak emotional experience. In addition, stronger
effects may have been seen if we had cued women to use their mind-
fulness tools during or after the task, or if the task had been done both
pre and post intervention to examine changes in performance. Future

A.D. Crosswell et al. Psychoneuroendocrinology 86 (2017) 78–86

84



studies could address the concern over habituation to the task by
varying the manipulation at the two assessment points (e.g., having
participants talk about a different experience at each session).

4.1. Conclusion

Findings suggest that young breast cancer survivors who received
six weeks of mindfulness training demonstrated faster recovery of ne-
gative affect and DBP compared to women in a wait-list control con-
dition. A better understanding of techniques that improve the efficiency
of regulating emotional and physiological responses to emotional
arousal may help improve the health and well-being of high-stress,
vulnerable groups, such as younger breast cancer survivors. Future
studies should explore how mindfulness training can be designed to
enhance specific components of emotion regulation. Mindfulness pro-
grams could include emotion inductions as part of the therapeutic
process, similar to exposure therapy in which anxiety is induced and
managed during treatment sessions (for a description see Abramowitz,
2013). Practice using mindfulness tools to cope with negative emotions
in the moment might allow participants to use them more readily
during daily experiences of negative affect. In addition, future studies
could use daily diary and ambulatory monitoring methodologies to
probe whether effects on recovery from negative emotional experiences
are present in the daily lives of women after mindfulness training.
Understanding how mindfulness practice influences daily mood and
arousal regulation, especially in the face of challenging daily emotional
experiences, could elucidate the pathways by which being more
mindful enhances well-being and health.
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