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Generalized anxiety disorder (GAD) is characterized by chronic worry. Mindfulness-based stress reduction is
thought to remediate excessive worry, because it counteracts a permanent defense state of enhanced vigilance to
potential threats. The present study aimed to compare respiratory variability (RV) during worry and mindfulness.
Following an 8-minute baseline, 37 healthy participants underwent 11-min worry and mindfulness inductions, in
randomized order, using auditory scripts. Respiration was measured by chest and abdominal inductance belts. RV
was quantified by (1) autocorrelation to assess linear breathing variability and (2) sample entropy to assess
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Worry nonlinear breathing variability. Compared to baseline and mindfulness, worry showed decreased autocorrelation
Mindfulness in all respiratory parameters and compared to mindfulness, worry showed decreased entropy in respiratory rate.

These results suggest that, in contrast to mindfulness, worry is characterized by decreased respiratory stability
and flexibility, and therefore worry and mindfulness seem to have countering effects on RV and respiratory

Respiratory variability

regulation.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

AKkey feature of GAD is excessive worry (Andrews et al., 2010). Worry
has been defined as a “chain of relatively uncontrollable, negative-affect
laden thoughts and images” (Borkovec et al., 1983), involving continued
hypervigilance to internal and external cues signaling future danger in
order to mentally avoid the anxiously anticipated danger (Borkovec,
2002). While continuously detecting and interpreting threat, defensive
fight/flight reactions are engaged in order to escape or attack the threat.
Whereas acute worry may act as an adaptive defensive reaction to alarm,
prompt and prepare for danger (Tallis and Eysenck, 1994), chronic worry
is maladaptive. Brosschot (2010) conceptualizes worry as unconscious
and conscious perseverative cognitions, characterized by repeated or
chronic activation of cognitive representations of one or more psycholog-
ical stressors. Because not only threat, but also mental representations of
threat elicit defensive fight/flight responses, perseverative cognitions in-
volve a prolonged state of action readiness, not only during the presence
of a stressor, but also in far anticipation of the stressor, during recovery
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from the stressor, and during recurrent episodes of past stressors
(Brosschot, 2010; Brosschot et al., 2005, 2010). Accordingly, Thayer and
Lane (2000) have advanced a neurophysiological account for persever-
ative cognition. Whereas disinhibition of prefrontal inhibitory control
allows flexible responding to threat by engaging defensive flight/fight
responses and prefrontal inhibitory control dominates in the absence
of threat, perseverative cognitions are marked by disrupted prefrontal
inhibitory control resulting in a permanent defensive activation. Conse-
quently, a worry state is characterized by prolonged physiological acti-
vation in the absence of stress or threat. In line with this, perseverative
cognitions are associated with increased cortisol and immunoglobulin,
elevated blood pressure, increased heart rate and lower heart rate var-
iability during anticipation of stressors and during recovery from stress
(for an overview see Brosschot et al., 2006). Moreover, increased auto-
nomic activity during stress and worry is mediated by worry and dura-
tion of worry episodes, and these relations are not only found during an
awake state, but also during sleep (Brosschot et al., 2010). In addition,
high chronic worriers show not only a greater cardiac defense response
during contextual fear rather than cued fear, but additionally show
reduced respiratory sinus arrhythmia and increased respiration rate due
to decreased expiratory time during rest (Delgado et al., 2009). In line
with this finding, several studies have consistently demonstrated reduced
parasympathetic activity to be a stable disposition in high worriers
(Hofmann et al., 2005; Thayer et al., 1996; Thayer and Brosschot, 2005).
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Conceptually, worry shows great overlap with mindfulness, as both
seem opposites on several dimensions (Borkovec, 2002; Roemer and
Orsillo, 2002). Whereas worry is characterized by continued anxious
anticipation of future and recurrent past events in order to cognitively
avoid danger and uncertainty is not acceptable in this, mindfulness
focuses on nonjudgmental openness and acceptance of present internal
and external experiences as they are, by self-regulating attention to-
wards the present (Baer, 2003; Delgado et al., 2010). Therefore, mindful-
ness has been proposed as a stress reduction method to remediate a
permanent defense state of high vigilance to and avoidance of threat,
as is worry (Borkovec, 2002; Roemer and Orsillo, 2002; Roemer et al.,
2009; Delgado et al., 2010). Confirming the usefulness of mindfulness
to reduce worry, mindfulness training programs significantly improved
anxiety and depression symptoms in GAD, which remained at 3-month
follow up (Kabat-Zinn et al, 1992) and at 3-year follow up (Miller
et al,, 1995). Additionally, mindfulness increases emotional comprehen-
sion and reduces worry by decreasing the number and the duration of
worry episodes and decreasing worry-related anxiety and depressive
symptoms (Delgado et al., 2010).

Mindfulness also seems to counter worry physiologically. Mindful-
ness is characterized by lower respiration rate and heart rate, higher ex-
piration time and heart rate variability whereas worry is characterized
by higher respiration rate and heart rate, lower expiration time and
heart rate variability (Delgado et al., 2010). Additionally, mindfulness
training specifically reduces respiration rate during rest and worry com-
pared to progressive muscle relaxation (Delgado et al., 2010).

Given the important countering influences of mindfulness training
on worry in mean respiratory variables, the present study aims to fur-
ther compare respiratory variability during worry and mindfulness.
Various types of respiratory variability reflect stability and flexibility in
the respiratory system. A stable yet flexible respiratory system, allowing
responding to occasional threats and recovery to a dynamic steady state
afterwards, is characterized by both nonrandom and random variability.
Nonrandom fluctuations increase system stability by varying parame-
ters over several lags to continuously determine the system's properties
(Moser et al., 2006). Random fluctuations increase system flexibility or
adaptability as they represent the system's ability to flexibly respond
to environment changes (Goldberger, 1996). In other words, a normal
or healthy respiratory system balances nonrandom variability ensuring
respiratory stability and random variability warranting respiratory flex-
ibility. In contrast, an unstable system that is not able to recover to a
steady state is characterized by excessive random or irregular breathing,
whereas an inflexible system that is rigidly controlled not allowing flex-
ible responding to perturbations is characterized by nonvariable or pe-
riodic breathing (Bruce, 1996). One way to restore a healthy balance
between nonrandom and random variability is to sigh (Vlemincx et
al., 2010). Sighs have not only been proposed to function as physiolog-
ical resetters, but also as psychological resetters, serving as a coping
mechanism during negative emotional states (Vlemincx et al.,, 2011,
2012).

Because worry involves persistent defensive responding in the
absence of immediate danger or threat, we predict that respiration will
be dominated one-sided by cognitive and affective perturbations over-
riding autonomic control, resulting in an inflexible and unstable respira-
tory system exhibiting decreased random variability and decreased
nonrandom variability. In addition, we predict that the perseverative
nature of worry inhibits temporary resetting and therefore no increased
sigh rates will occur during this specific negative emotional state. In
contrast, because mindfulness is characterized by a complex state of
self-regulation and effective coping and control, we predict that respira-
tory regulation will reflect integrated autonomic control in the light of
cognitive and affective perturbations, resulting in increased random
breathing variability while maintaining nonrandom variability reflecting
a flexible yet stable respiratory system.

Instructing nonanxious individuals to worry about a theme that great-
ly concerns them reliably induces cognitive, physiological, affective and

behavioral correlates of chronic worry or GAD (Borkovec, 2002). There-
fore, the present study will investigate respiratory variability during a
single worry episode induced by worry instructions in a nonanxious
population, and compare respiratory variability to a single mindfulness
session based on focused breathing instructions.

2. Materials and methods
2.1. Participants

Thirty-seven individuals (5 men, age range 18-20) participated in
the study in exchange for course credits. Participants reported to be in
good health and not to suffer from any current respiratory or cardiac
disease. The experiment was approved by the Ethics Committees of
the Department of Psychology and of the Faculty of Medical Sciences.

2.2. Apparatus

Respiration was measured continuously by means of respiratory in-
ductive plethysmography (RIP), using the LifeShirt System® (Vivometrics
Inc,, Ventura, CA; Wilhelm et al,, 2003) to assess respiratory rate and
relative tidal volume. Two inductance belts at the level of the ribcage
and the abdomen, sewn into a LifeShirt garment, were connected to a dig-
ital processing unit, including a data storage card. Vivologic software
(Vivometrics Inc., Ventura, CA) was used to edit raw respiratory data.
Although respiratory plethysmography does not provide accurate
absolute tidal volumes, this was of less concern since the study focused
on relative changes across conditions within subjects.

2.3. Measures

2.3.1. Subjective measures

The emotional state of participants was assessed by means of 9-point
self-assessment manikin (SAM) scales of valence, arousal and domi-
nance (Bradley and Lang, 1994). For research purposes beyond the
scope of this paper, relaxation was measured using the Smith Relaxation
States Survey (SRSS, Smith, 2001) and social desirability was measured
by the Dutch version of the Marlow-Crowne Social Desirability scale
(Nederhof, 1981).

2.3.2. Mean respiratory parameters

Tidal volume (Vt), inspiratory (Ti) and expiratory time (Te), respira-
tion rate (RR=60/Ti+ Te), minute ventilation (V'E=VtRR) and per-
centage rib cage breathing (%RC) were derived from the raw respiratory
signal and calculated breath-by-breath.

2.4. Procedure

Participants were individually invited to an experiment studying
physiological effects of worry and focused breathing instructions. Before
the experiment started, participants signed the informed consent form,
the LifeShirt equipment was set up and participants were seated in a
comfortable chair.

Following an 8-min baseline phase, participants underwent 11-min
mindfulness and worry inductions, in randomized order. Participants
were informed that during these various phases, the experimenter
would leave the room, but would monitor them via cameras and micro-
phones. During the baseline phase, participants were asked to sit quiet-
ly and silently while proper recording of all equipment was checked.
The worry and mindfulness inductions consisted of auditory scripts
presented through head phones, validated by and adapted from Arch
and Craske (2006). Participants were instructed to listen carefully to
the scripts. The mindfulness induction consisted of focused breathing
instructions which were part of a mindfulness meditation exercise.
Participants were instructed to focus their attention and awareness
to the sensations they were experiencing, while specifically focusing
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on the actual sensation of breathing without thinking about it. The
worry induction consisted of instructions to worry sequentially about
social relations, achievement, money, safety, health and environment.
Participants were instructed to worry about their primary personal
worry or concern in each domain and to imagine the consequences
when the worry or concern would become reality.

Following the baseline, worry and mindfulness phases, participants
rated their emotional state and at the end of the experiment social
desirability was assessed.

3. Data analysis
3.1. Measures of respiratory variability and sighing

Respiratory variability during the 8-min baseline period was com-
pared to respiratory variability during the final 8-min of the 11-min
mindfulness and worry inductions in order to obtain equal time inter-
vals for all phases. Additionally, selecting the final 8 minutes of the
mindfulness and worry inductions ensured that respiratory variability
was assessed during a more progressed and profound state of mindful-
ness and worry while excluding the settling in phase. Respiratory variabil-
ity during baseline, mindfulness and worry was computed for Vt, RR and
V’E by both linear and nonlinear measures of variability.

Linear nonrandom variability was quantified by autocorrelation
which assesses to which extent the respiratory controller is relying
on recent past information to produce the current breath (Busha
and Stella, 2002; Wysocki et al., 2006). To quantify this “short-term
memory,” the autocorrelation coefficient was calculated at one breath
lag (AR, the correlation of the breath string during each phase with itself,
shifted one breath lag) (Tobin et al., 1995).

Random breathing variability was quantified by the nonlinear vari-
ability index sample entropy (SampEn). Briefly, SampEn is the logarith-
mic probability that breathing sequences that are close to each other will
remain close to each other in subsequent incremental comparisons.
Regular sequences will result in lower SampEn values whereas random
behavior is associated with larger SampEn values (Richman and
Moorman, 2000). SampEn is a variant of Approximate Entropy (ApEn)
with some statistical advantages since it does not count self-matches in
the calculation. In addition, it is more appropriate for short length time
series and has greater relative consistency (Richman and Moorman,
2000). Two parameters must be fixed a priori: m, the length of the se-
quence used in the comparison (usually, m=2) and r, the threshold
for accepting similarity between sequences (usually, 0.1<r<0.25). How-
ever, usually suggested values for r may lead to biased results, and dif-
ferent r values should be considered (Chen et al., 2005). For this study
we found that r=0.5 leads to the maximum differentiation capability
between states.

Finally, sigh rate during baseline, mindfulness and worry was cal-
culated as the number of breaths within each phase with Vt at least
twice as large as mean Vt during each phase.

3.2. Analysis

SAM ratings, mean respiratory parameters and respiratory variability
measures were subjected to a repeated measures analysis with one
within-subject variable “phase” distinguishing baseline, mindfulness
and worry. Post hoc Tukey contrasts were tested to compare dependent
variables between baseline, mindfulness and worry. To control for possi-
ble carryover effects of negative emotional states in the condition in
which worry was induced before mindfulness, the variable order
(worry-mindfulness vs. mindfulness-worry) was analyzed as an addition-
al between-subject variable. Because main effects of order (all F(1,35)
<.90, ns) and order by phase interaction effects (all F(2,35)<3.05, ns)
were not significant and did not change the results, only the analysis in-
cluding phase effects only is reported.

4. Results
4.1. Subjective measures

Significant phase effects were found for valence (F(2,72)=45.76,
p<.0001, nZ=.56), arousal (F(2,72)=18.50, p<.0001, 13=.34) and
dominance (F(2,72) =10.43, p<.01, nﬁ =.22). Post hoc contrasts revealed
that worry elicited more unpleasantness, more arousal and less domi-
nance compared to baseline (p<.01, p<.05, p<.01, respectively) and
mindfulness (all p<.01). Mindfulness elicited lower arousal compared
to baseline (p<.01).

4.2. Mean respiratory parameters

Except for V'E (F(2,72) =1.33, ns), phase effects are found for all
mean respiratory variables: Vt (F(2,72) =10.83, p<.0001, nS:.23),
RR (F(2,72)=6.16, p<.01, n3=.15), Ti (F(2,72)=16.33, p<.0001,
np=.31), Te (F(2,72)=3.50, p<.05, n3=.09), %RC (F(2,72)=5.13,
p<.01, ng =.12). Post hoc Tukey comparisons show that Vt is signifi-
cantly decreased during worry compared to baseline (p<.01) and
mindfulness (p<.01), whereas RR is significantly increased during
worry compared to baseline (p<.01) and mindfulness (p<.05). Ti
and Te are significantly decreased during worry compared to baseline
(p<.01, p<.05, respectively), and Ti is significantly decreased during
worry compared to mindfulness (p<.01). These results suggest that
worry is characterized by shallow, rapid breathing. No differences in
%RC are found between baseline and worry, but %RC is significantly
lower during mindfulness compared to baseline and worry (p<.01),
suggesting that abdominal breathing increases during mindfulness.

4.3. Measures of respiratory variability

AR measures show significant phase effects for AR(Vt) (F(2,72)=
14.14, p<.0001, 2= 28), AR(RR) (F(2,72) =834, p<.01, nZ=.19) and
AR(V'E) (F(2,72)=9.24, p<.01, n3=.20) (Fig. 1). Tukey comparisons
show decreased AR during worry compared to baseline and mindfulness
for Vt, RR and V’E (all p<.01). No differences in AR are found between
mindfulness and baseline. These results suggest that worry is specifically
characterized by decreased linearly correlated variability in all respiratory
parameters, whereas mindfulness cannot be distinguished from baseline
based on linear variability measures.
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Fig. 1. Autocorrelation (AR(1)) as a measure of linearly correlated variability of tidal
volume (Vt), respiratory rate (RR) and minute ventilation (V'E) during worry, mindful-
ness and baseline.
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SampEn measures show significant phase effects for SampEn (Vt)
(F(2,72)=4.55, p<.05, n3=0.11) and SampEn (RR) (F(2,72)=3.39,
p<.05, Nz=0.09), with no significant phase effects for SampEn (V'
E). Tukey comparisons show decreased SampEn (Vt) during mindful-
ness (p<.05) and worry (p<.05) compared to baseline, and increased
SampEn (RR) during mindfulness (p<.05) compared to worry. These
results suggest that worry is specifically characterized by decreased
nonlinear variability in Vt and RR, while mindfulness shows decreased
nonlinear variability in Vt but increased nonlinear variability in RR.

For sigh rate, no significant phase effects are found (F(2,72) =
1.82, ns).

5. Discussion

The present study compared respiratory variability measures during
single episodes of experimentally induced worry and mindfulness in
nonanxious individuals. Importantly, various measures of respiratory var-
iability significantly distinguished between worry and mindfulness. Com-
pared to mindfulness and baseline, worry was characterized by decreased
linearly correlated variability in all respiratory parameters, suggesting a
loss of “short-term respiratory memory” or reduced breathing stability
during worry. Compared to worry, mindfulness showed higher nonlinear
variability in respiratory rate, suggesting higher breathing flexibility dur-
ing mindfulness than during worry. No differences in sigh rate were
found between worry, mindfulness and baseline.

These results are in line with our hypotheses. Worry is characterized
by a fight or flight state that uncontrollably persists, despite the unlike-
lihood of actual threat or danger. Respiratory responses during such
maladaptive defense reaction are driven predominantly by behavioral,
cognitive and affective inputs, such as behavioral and cognitive avoid-
ance and anxious anticipation, and do not match with required metabol-
ic needs which do not require change as no threat or danger is actually
present. As a result, control processes are decoupled as their outcomes
diverge and control systems, such as the respiratory system, become
rigid and unstable. In contrast, mindfulness comprises complex cogni-
tive (attentive), affective (nonjudgmental) and behavioral (acceptance)
interactions with matching metabolic requirements. As a result, control
processes are complexly integrated allowing control systems, such as
the respiratory system, to be flexible and stable. In sum, these findings
suggest that worry and mindfulness are opposites on the dimension of
respiratory regulation: whereas worry is associated with decreased
autocorrelation and decreased nonlinear variability representing an
unstable and rigid respiratory system, mindfulness is associated with
a stable yet flexible respiratory system reflected by high autocorrelation
and nonlinear respiratory variability.

The current results are also consistent with the extensively replicated
finding that heart rate variability is an important marker of worry, and
maybe also of mindfulness. Whereas decreased heart rate variability is
typical of worry indicating deficient prefrontal inhibitory control resulting
in prolonged activation in the absence of threat or danger (Hofmann et al,
2005; Thayer et al., 1996; Thayer and Brosschot, 2005), mindfulness states
induce increased heart rate variability (Delgado et al., 2010) indicating
flexibility and adaptability in physiological functioning. This is in line
with the present findings that worry elicits decreased autocorrelation
and decreased nonlinear breathing, consistent with an unstable and
rigid system and an active respiratory fight/flight response focusing rig-
idly on potential threats and dangers when these are very unlikely;
while mindfulness entails high autocorrelation and nonlinear breathing
variability consistent with high stability and flexibility in the respiratory
system.

Given the conceptual overlap between worry and mindfulness, and
chronic worry being the key feature in GAD, mindfulness components
may add significantly to the treatment of GAD. Among the various anxiety
disorders, treatment of GAD appears to be the most challenging, because
the object of fear in GAD is diffuse and transient. Chronic worry involves
nonspecific catastrophizing about a broad range of unlikely negative

events in order to avoid these negative events (behavioral avoidance)
and the distress they may cause (experiential avoidance) (Roemer and
Orsillo, 2002). Therefore, a potential successful treatment needs to
focus on exposure to worrisome cues and behavioral and experiential
nonavoidance or engagement. Mindfulness potentially may be a good
candidate, because it consists of focusing attention to the present and
accepting present internal and external experiences without judgment
(Roemer and Orsillo, 2002; Delgado et al., 2010). Roemer and Orsillo
(2002) have proposed an acceptance based behavior therapy for GAD
that includes mindfulness techniques. They have shown that this treat-
ment reduces depression, anxiety and fear reports, experiential avoidance
and severity of GAD posttreatment, at 3-month follow up (Roemer and
Orsillo, 2007), and at 9-month follow up (Roemer et al., 2008). Addition-
ally, this acceptance based treatment protocol increases acceptance of in-
ternal experiences and uncertainty, perceived control, emotion regulation
and active engagement, compared to a waitlist control group at 3- and
9-month follow up (Treanor et al., 2011).

Grossman et al. (2004) performed a meta-analysis showing sub-
stantial effect sizes of mindfulness-based stress reduction programs for
both nonclinical and clinical purposes, among which anxiety reduction,
despite the limited number of qualified studies. However the specificity
of these effects to mindfulness remain unclear and although various
mechanisms of mindfulness techniques have been proposed (Baer,
2003), the potential mechanisms by which it may remediate anxiety
and worry remain to be investigated (Rubia, 2009). In addition, the
efficacy of mindfulness training for chronic worry or GAD through re-
spiratory effects depends on the causal effects of dysregulation of the
respiratory system on chronic health outcomes, for which evidence so
far is scarce (Guazzi et al., 2007; Wysocki et al., 2006).

Although the main findings of the present study are in line with cur-
rent theories on worry and mindfulness, some of the results need some
further clarification. First, although the effects of worry and mindfulness
on linear respiratory variability are consistent for all respiratory param-
eters, the effects on nonlinear variability appear to be parameter specific.
Nonlinear variability only differentiates mindfulness from worry in the
respiratory rate parameter, showing higher nonlinear variability in re-
spiratory rate during mindfulness compared to worry. This finding is in
line with the specificity of differential responses in respiratory timing
during cognitive tasks (Evans et al., 2009). Several studies indicate that,
among respiratory parameters, specifically respiratory time can change
markedly upon stimulation of higher structures (Homma and Masaoka,
2008; Masaoka et al., 2005), and therefore differentiate between mind-
fulness and worry. In addition, results show that both worry and mind-
fulness, compared to baseline, show decreased nonlinear variability in
the respiratory volume parameter. This result could be explained by
the common task characteristics of the specific mindfulness and worry
tasks used in this study, which both consist of focused attention to audi-
tory instructions and some level of imagery.

Second, the finding that worry is associated with both decreased
nonlinear respiratory variability and decreased autocorrelation may
seem odd, since mostly high autocorrelation values are associated with
low entropy or chaos values (Busha and Stella, 2002). However, low
levels of chaotic oscillations may be associated with the loss of autocor-
relation, as found in dynamic models for irregular neural spiking (Baier
et al, 2000).

Finally, some limitations of the present study need to be acknowl-
edged. First, an evenly distributed sample of males and females could
possibly reveal gender differences in respiratory effects of mindfulness
and worry. Second, the current findings are limited to single session
investigations of worry and mindfulness and so, the effects of chronic
worry and mindfulness training need further research. Third, the
present study results are limited to the effects of instructed mindfulness
and worry in a nonanxious population, and therefore the implications of
mindfulness training on chronic worry and GAD need to be examined
further. Fourth, the current study was limited to respiratory measures
and the present subjective ratings did not sufficiently assess various
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worry and mindfulness dimensions to examine which cognitive, affec-
tive, behavioral or other physiological factors characterize worry and
mindfulness and therefore could account for the effectiveness of mind-
fulness training in chronic worry or GAD. Future research could focus
on unraveling which mechanisms underlie reductions in worry and
anxiety by mindfulness training. Overall, the present findings suggest
that the countering respiratory effects of worry and mindfulness may
be an interesting link to explore in the context of anxiety disorders such
as GAD.
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