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The respiratory system is a complex system characterized by
many feedback mechanisms that are interacting with other
systems, such as the cardiovascular system (Bruce and Dauben-
speck, 1995). Like all physiological systems, a well regulated
respiratory system is highly sensitive, yet stable (Baldwin et al.,
2004). On the one hand, the system strives to maintain function
within tight limits related to gas exchange and pH levels. So, it aims
for stability. On the other hand, the system needs to permit
responsiveness to external and internal stimulation, so has to have
a high level of sensitivity.

Although each biological system will often deviate from its set
point, homeostatic processes will ensure that the system returns to
its steady state (Berntson and Cacioppo, 2000). Such a steady state
is dynamic rather than static: inherent delays in the regulatory
feedback loops will cause periodic fluctuations which produce
systematic respiratory rhythms, entailing oscillations (Giardino
et al., 2000). These oscillatory processes represent homeostatic
capacity and are informative of the internal regulation of the
respiratory system. In addition, the system needs to be able to
quickly and adequately respond to external behavioral inputs,
causing perturbations that have to be counterregulated in order to
return the system to its dynamic steady state (Berntson and
Cacioppo, 2000). Although these external stimulations themselves

add random noise to the respiratory system, they activate control
processes that cause correlated breath-to-breath variations,
returning the system to its dynamic steady state.

A healthy respiratory system that is able to maintain a
homeostatic balance in the context of constantly changing internal
and external demands is therefore characterized by complex
variability (Pool, 1989), consisting of various fractions of variability
(Brack et al., 1998; BuSha and Stella, 2002). Behavioral inputs cause
non-deterministic, random variations that commit the system to
sensitivity. Homeostatic processes inducing system stability evoke
structured, time-dependent, deterministic, correlated breath-to-
breath variations, including oscillatory variability. This structured
fraction of variability consists of variations in breaths dependent
upon, determined by or correlated with previous breaths, and can
be quantified using measures of autocorrelation and respiratory
short term memory. The autocorrelation, the correlation of a signal
with itself shifted a certain time lag, can be interpreted as the
fraction of variation that is correlated on a breath-by-breath basis
for a certain number of breath lags (Baldwin et al., 2004; Tobin
et al., 1995; Wilhelm et al., 2001c). The number of breath lags
wherefore autocorrelation is significantly different from zero is
defined as respiratory short term memory. As respiratory memory
decreases, randomness of respiratory regulation increases (Tobin
et al., 1995; Wilhelm et al., 2001c). Total respiratory variability,
which can be quantified by the coefficient of variation, can thus be
seen as the sum of structured, time-dependent, deterministic,
correlated breath-to-breath variations and random variations. An
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A B S T R A C T

Respiratory behavior is characterized by complex variability with structured and random components.

Assuming that both a lack of variability and too much randomness represent suboptimal breathing

regulation, we hypothesized that sighing acts as a resetter inducing structured variability. Spontaneous

breathing was measured in healthy persons (N = 42) during a 20 min period of quiet sitting using the

LifeShirt1 System. Four blocks of 10 breaths with a 50% window overlap were determined before and

after spontaneous sighs. Total respiratory variability of minute ventilation was measured using the

coefficient of variation and structured (correlated) variability was quantified using autocorrelation.

Towards a sigh, total variability gradually increased without concomittant changes in correlated

variability, suggesting that randomness increased. After a sigh, correlated variability increased. No

changes in variability were found in comparable epochs without intermediate sighs. We conclude that a

sigh resets structured respiratory variability, enhancing information processing in the respiratory

system.

� 2009 Elsevier B.V. All rights reserved.

* Corresponding author. Tel.: +32 16 32 60 58; fax: +32 16 32 61 44.

E-mail address: Omer.VandenBergh@psy.kuleuven.be (O. Van den Bergh).

Contents lists available at ScienceDirect

Biological Psychology

journa l homepage: www.e lsev ier .com/ locate /b iopsycho

0301-0511/$ – see front matter � 2009 Elsevier B.V. All rights reserved.

doi:10.1016/j.biopsycho.2009.09.002



Author's personal copy

imbalance between these two types of variability may contribute
to system irregularities. First, an excessive amount of randomness,
not allowing the system to return to a dynamic steady state, may
disregulate the system. Second, a hypo- or hyper-sensitive system
may lead to regulation deficits.

Spontaneous breathing in healthy humans shows considerable
structured variability (Donaldson, 1992; Hughson et al., 1995;
Tobin et al., 1995; Wysocki et al., 2006). Small et al. (1999)
analysed breathing patterns during quiet sleep in infants and
concluded that the breathing system is a chaotic system,
characterized by deterministic, non-random respiratory variabil-
ity. Importantly, they illustrate how this structured variability
arises due to noise.

Information theory describes how increasing the noise level in a
nonlinear system can amplify a weak periodic signal and enhance
the signal-to-noise ratio (Suki et al., 1998; Wiesenfield and Moss,
1995). This effect, stochastic resonance, is considered important
for adequate system regulation. Also in the human body, some
noise is considered necessary to optimize information processing
and adaptability to changes in environmental and internal
physiological demands. Noise may train the sensitivity of a
biological system to return to a dynamic equilibrium (Giardino
et al., 2000).

One such noise element could be a sigh. Sighs or occasional
deep breaths are often considered disturbances of normal
spontaneous respiration. However, sighs may serve important
regulatory functions. More specifically, we hypothesize that a sigh
acts as a general resetter of the respiratory system. When
breathing becomes excessively random on the one hand, or shows
a lack of variability on the other hand, the respiratory system
becomes deprived of information as deterministic structured
variability decreases. Inserting noise to the system by sighing
could generate information to the system allowing resetting of
deterministic non-random variability.

Several findings are consistent with this view. First, Baldwin
et al. (2004) studied breathing in infants during sleep and found
that towards a sigh respiratory variability became increasingly
random, whereas after a sigh structured respiratory variability and
respiratory short term memory increased. Second, several
mechanical and chemical properties of respiration are reset by
sighing. For example, sighing prevents and remediates atelectasis
(Bendixen et al., 1964; Reynolds, 1962). Atelectasis refers to the
progressive collapsing of alveoli as a result of a lack of breathing
variability, which causes lung compliance and gas exchange
efficiency to decrease. A sigh restores lung compliance (Caro et al.,
1960; Ferris and Pollard, 1960; McIlroy et al., 1962; Mead and
Collier, 1959) and gas exchange efficiency (Bartlett, 1971;
Cherniack et al., 1981). Third, shifts in autonomic balance are
closely related to variations in respiration. For example, sighing
resets parasympathetic control when autonomic balance is
chronically dominated by sympathetic activity. Franco et al.
(2003) found that parasympathetic activity in infants who died
later of sudden infant death syndrome (SIDS) was low before a sigh
and was restored after a sigh.

It is likely that emotional correlates of sighing fit in with its
hypothesized resetting function. Resetting by sighing would be
predicted to occur more frequently in psychological conditions
that are either characterized by a breathing system that has
become excessively random or shows a lack of variability. The first
situation – too much randomness – may occur when breathing
regulation is driven more importantly by emotions than by
metabolic needs. The second situation – lack of variability – is
likely to occur in sustained psychological states. In line with this is
recent evidence showing that sighing is associated with relief in a
stressful context (Vlemincx et al., 2009). Because stress evokes
reductions in heart rate variability as a result of a shift towards

sympathetic dominance and brings along shifts in respiratory
variability, either towards randomness, either towards reduced
variability – probably depending on the type of activated response
tendencies – sighing may restore correlated deterministic respira-
tory variability, which may underlie the relieving effect.

This perspective on sighing predicts a change in respiratory
variability before and after sighs. In this study, we hypothesized
specifically that sighing resets deterministic correlated non-
random respiratory variability. This prediction was tested for
minute ventilation, which combines both volume and time
parameters into a single measure. In conditions of stable metabolic
needs, minute ventilation is the primary determinant of the pCO2

in the blood, which in turn is the major variable to regulate during
breathing. In order to guarantee the quiet sitting resting period and
consequently the spontaneity of sighing, no subjective measures
were assessed.

1. Method

1.1. Participants

Eight men and 34 women, all undergraduate psychology students (mean 18.2

years, range 18–20) participated in the study in return for course credits. All

subjects reported to be in good health and not to suffer from any respiratory or

cardiac disease. Four subjects were excluded from pCO2 analysis because of

unreliable data acquisition. The experiment was approved by the Ethics

Committees of the Department of Psychology and of the Faculty of Medical

Sciences.

1.2. Measures

The LifeShirt System1 (Vivometrics Inc., Ventura, CA) was used to continuously

collect physiological data. Breathing was monitored by respiratory inductive

plethysmography (RIP), which allowed assessment of both rate and volume of each

breath. Two shielded electrical wires sewn into an elastic LifeShirt garment at the

level of the rib cage and the abdomen served as RIP transducers. Together with three

accelerometer sensors, detecting body movement and changes in posture that

might affect interpretations of respiratory volume, and three ECG sensors, these RIP

sensors were connected to the LifeShirt recorder, a small battery powered digital

processing unit, including a compact flash memory card, on which data were stored.

The Microcap1 Handheld Capnometer (Oridion, Needham, MA) was connected to

this digital processing unit in order to continuously measure pCO2 by means of

microstream non-dispersive infrared spectroscopy. pCO2 was sampled with a flow

rate of 50 ml/min by means of a non-invasive ventilation (NIV) line.

1.3. Procedure

Participants were invited to an experiment studying the effects of sound on

physiological variables, such as heart rate, blood pressure and body temperature.

Upon arrival, participants were informed on the course of the experiment and

signed an informed consent form. Then they put on the LifeShirt garment, ECG

electrodes were attached and all sensors were connected to the LifeShirt recorder.

Next, the calibration procedure was performed. Four calibration trials, alternating

sitting and standing were run separated by 30 s pauses. In each trial, participants

were asked to put on the nose clip and breathe rapidly in and out seven times filling

and emptying an 800 ml calibration bag with each breath. After this calibration

procedure a nose canula was put on. Prior to the actual experiment they were told

that 20 min of equipment calibration and testing was necessary. They were

instructed to sit comfortably but motionless and in silence with their eyes open

during the recording. Whenever participants made a movement, the experimenter

marked this episode using the event marker. The data analysis and results reported

here apply to this 20 min baseline registration only.

2. Data analysis

2.1. Respiratory parameter extraction

Dedicated Vivologic software (Vivometrics Inc., Ventura, CA)
was used to edit raw respiratory data. Two calibrations of the
respiratory waveforms were performed. First, a qualitative
diagnostic calibration was performed, consisting of the automatic
detection of a 5 min period of regular breathing during which
relative gains in rib cage and abdominal RIP signals were
determined. Second, the RIP sum signal was calibrated in absolute

E. Vlemincx et al. / Biological Psychology 84 (2010) 82–87 83



Author's personal copy

volume units by means of a fixed volume calibration by
comparison to the participant’s breathing into an 800 ml calibra-
tion bag. Because the experiment was run in a sitting position,
the best fitting of two sitting calibration trials was chosen.
Next, respiratory parameters (inspiratory volume (VI), expiratory
volume (VE), respiration rate (RR = 60/total breath time), minute
ventilation (Vmin = VI � RR) and fractional end-tidal CO2 (FetCO2))
were calculated breath-by-breath. FetCO2 data of breaths for which
no FetCO2 could be measured due to automatic zeroing of the
capnometer are considered missing values. Sighs were defined as
breaths with an inspiratory volume of at least 2.5 times the median
inspiratory volume of a running baseline of 2 min before each
breath.

Movement artefacts were controlled for in two ways. First,
participants were instructed to keep still during the recording. The
accelerometer signals indicated that changes in physical activity
(both motion and posture) were absent or minimal. Second,
periods of movement observed by the experimenter were
indicated using an event marker. During the quiet sitting baseline
no such events occurred.

2.2. Respiratory variability preceding and following sighs

and non-sighs

Blocks of 10 breaths preceding and following sighs were
defined. Sigh series’ were created consisting of up to four blocks
preceding a sigh, the sigh, and up to four blocks following the sigh.
Between blocks there was a 50% window overlap. If sighs
succeeded each other too quickly to create four post-sigh blocks
for the first sigh and four pre-sigh blocks for the second sigh, we
constituted as many post- and pre-sigh blocks as possible.
Wherever possible, complete non-sigh series, consisting of four
pre-blocks, a non-sigh and four post-blocks, were created in the
remainder of the data. As such, a non-sigh was a breath that was
surrounded by at least eight blocks of breaths that were not
included in the sigh series. Fig. 1 displays a schematic representa-
tion of the block allocation. On average 3.27 (range 1–4) blocks
preceding sighs and 3.22 (range 1–4) blocks following sighs were
composed. Eight participants sighed so frequently that no non-sigh
blocks could be allocated, whereas 12 participants did not sigh,
resulting in zero sigh blocks.

Variability in Vmin was quantified by the coefficient of variation
(CV (Vmin)) and the autocorrelation (AR (Vmin)), defined as the
correlation between a string of 10 consecutive breaths and itself,
shifted one breath. In data strings of at least 700 consecutive
breaths autocorrelation remains significant until about three
breath lags, and the strength of the autocorrelation at one breath
lag is correlated with respiratory memory (Tobin et al., 1995)
Therefore, a breath lag of one was chosen for these very short
strings of 10 breaths. Both measures were calculated per block and
across four pre- and post-blocks.

2.3. Statistical analysis

CV (Vmin) and AR (Vmin) were calculated over blocks for each
series and subjected to a mixed model analysis with time (pre vs.
post) and series (sigh vs. non-sigh) as fixed categorical predictors.

Planned contrasts were tested to compare pre and post within each
series. Post hoc Tukey tests were performed to explore additional
significant contrasts.

Furthermore, in order to provide a more detailed picture of the
time course, mean respiratory parameters (VI, VE, RR, Vmin and
FetCO2), CV (Vmin) and AR (Vmin) were subjected to a mixed model
analysis with series (sigh vs. non-sigh), time (pre vs. post), and
block (block 1 to block 4) as fixed categorical predictors. Planned
comparisons were used to test differences in CV (V’min) and AR
(V’min) between pre-block 1 and pre-block 4 and between pre-
block 4 and post-block 1. Bonferroni-corrected p-values are
reported. Post hoc Tukey tests were performed to explore
additional significant differences.

3. Results

3.1. Pre- and post-sighs vs. non-sighs

Fig. 2 depicts a significant series � time interaction for
CV(V’min) (F(1,389) = 5.86, p < 0.05). Planned comparisons
showed total variability in sigh series’ significantly higher post-
sigh compared to pre-sigh (F(1,389) = 10.31, p < 0.01). Post hoc
Tukey comparisons showed that total variability was significantly
higher following a sigh compared to following a non-sigh
(p < 0.0001). In non-sigh series’ no differences between CV(V’min)
pre- and post-non-sigh were found (F(1,389) = 0, p > 0.05).

Fig. 3 shows a significant series � time interaction for
AR(V’min) (F(1,389) = 5.63, p < 0.05). Planned comparisons
showed correlated variability to be significantly higher post-sigh
compared to pre-sigh (F(1,389) = 13.89, p < 0.001) in sigh series.
No differences in AR(V’min) were found pre vs. post in non-sighs
series’ (F(1,389) = .42, p > 0.05).

3.2. Blocks preceding and following sighs vs. non-sighs

Main effects of series, time and block were non-significant in
predicting VI, VE, RR, V’min and FetCO2, except for the following: in

Fig. 1. Schematic illustration of block allocation.

Fig. 2. Mean CV (Vmin) preceding and following sighs and non-sighs. Vertical bars

denote 0.95 confidence intervals.
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non-sigh series’ volumes were significantly higher compared to
sigh series’ (main effect of series on V’min: F(1,1479) = 5.07,
p < 0.05, VE: F(1,1479) = 6.22, p < 0.05, VE: F(1,1479) = 4.50,
p < 0.05, respectively). In addition, V’min was significantly higher
before compared to following sighs and non-sighs (main effect of
time: F(1,1479) = 4.66, p < 0.05).

Fig. 4 shows CV(V’min) in each block preceding and following
sigh and non-sighs. A significant series � time � block interaction
was found (F(3,1479) = 7.20, p < 0.0001). Planned comparisons
showed a marginally significant increase in total variation in sigh
series’ from pre-block 1 to pre-block 4 (F(1,1479) = 4.33, p < 0.05)
and from pre-block 4 to post-block 1 (F(1,1479) = 18.94,
p < 0.0001). Post hoc Tukey comparisons showed a significant
decrease in total variability from post-block 1 to post-block 2
(p < 0.05). At post-block 3, total variability was not significantly
different from that in pre-block 1, 2, 3 and 4 (p > 0.05). In non-sigh
series’ no significant block differences in total variability were
found (p > 0.05).

AR(V’min) in each block preceding and following sighs and
non-sighs is shown in Fig. 5. Analysis revealed a significant

Series � Time � Block interaction (F(3,1479) = 3.22, p < 0.05).
Planned comparisons showed a significant increase in correlated
variability in the sigh series’ from pre-block 4 to post-block 1
(F(1,1479) = 12.68, p < 0.001). Additionally, post hoc Tukey
comparisons showed a significant decrease from post-block 1 to
post-block 2 (p < 0.05). Block differences in correlated variability
were not significant in non-sigh series’ (p > 0.05).

4. Discussion

Our results show that the respiratory dynamics are different
before and after a sigh, and different from comparable epochs
without intermediate sighs. Towards a sigh, total variation
gradually increases. After a sigh, total variation significantly
increases for about 10 breaths, but then progressively decreases.
However, the changes in variability before and after sighing have
a distinct nature. Before sighing, correlated variability remains
stable. Possibly, this suggests that increasing total variation
reflects increasing random variability. However, this interpreta-
tion requires caution, since increases in total variation could be
due to structured components not captured by autocorrelation
measures. After sighing, the increase in total variation is due to
increased correlated variability: correlated variability is sig-
nificantly higher after sighing compared to before. Finally, after
sighing both total and correlated respiratory variability, quickly
return to initial levels. This suggests that excessive randomness
is reduced by sighing and the balance between random and
correlated variability is restored. In sum, a sigh apparently occurs
after a period of increased random variability and restores
correlated variability after which baseline levels of variability are
resumed. This conclusion is consistent with our hypothesis
derived from information theory: as respiratory randomness
increases towards sighing, the respiratory system becomes
deprived of information. Adding noise to system by sighing
resets correlated deterministic variability and returns the
balance between random and non-random variability to baseline
levels.

Although adding noise to a system amplifies its signal strength,
further increasing noise may have the opposite effect (Suki et al.,
1998). In other words, although the respiratory system may benefit
from sighing when randomness becomes too high, excessive

Fig. 3. Mean AR (Vmin) preceding and following sighs and non-sighs. Vertical bars

denote 0.95 confidence intervals.

Fig. 4. Mean CV (Vmin) for blocks preceding and following sighs and non-sighs. Vertical bars denote 0.95 confidence intervals.
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sighing may disregulate the system. For example, panic disorder
patients sigh disproportionately (Abelson et al., 2001; Schwartz
et al., 1996; Wilhelm et al., 2001a,b,d), which might be responsible
for respiratory abnormalities in this group, such as a low baseline
pCO2 (Wilhelm et al., 2001c), a highly irregular breathing pattern
(Abelson et al., 2001; Martinez et al., 2001; Wilhelm et al., 2001d;
Yeragani et al., 2002) and a lower respiratory short term memory
(Wilhelm et al., 2001c).

Further evidence shows that respiratory variability and
psychological states are closely related, and supports the hypoth-
esis that sighing may play an important role as resetter of both. On
the one hand, extreme randomness, labeled as breathing
irregularity, is associated with intense negative psychological
states, such as noxious light stimulation (Mador and Tobin, 1991),
a pain inducing cold pressor task (Boiten, 1998), anger, resentment,
guilt and sorrow (Stevenson and Ripley, 1952), and chronic
concerns of suffocation and anticipated panic, which are accom-
panied by subjective feelings of breathlessness and chest tightness.
Expanding the lungs by sighing causes relief of dyspnea and
associated chest tightness and restlessness (Hirose, 2000; Wilhelm
et al., 2001a,b), which could be associated with the resetting of
correlated respiratory variability and the reductions of excessive
randomness. In line with this, it has been shown that increased
sigh rates are related both to aversive conditions such as
unpleasant thoughts (Finesinger, 1944) and pain (Keefe and Block,
1982; Keefe and Hill, 1985; Keefe et al., 1984), and to relief from
aversive conditions such as the reduction of negative affect
(McClernon et al., 2004) and relief from stress (Soltysik and Jelen,
2005; Vlemincx et al., 2009).

On the other hand, conditions involving sustained psycholo-
gical states such as task-related concentration, boredom, perse-
verative cognitions and worry may be characterized by a lack of
respiratory variability, which for example has been shown during
imagery of anxious scripts and in healthy subjects scoring high on
trait negative affectivity (Van Diest et al., 2006). Reduced breathing
variability enhances atelectasis and consequently decreases lung
compliance and gas exchange efficiency, which as well may evoke
feelings of chest tightness and breathlessness. Sighing counteracts
atelectasis and therefore could be associated with relief of these
subjective sensations.

Taken together, these findings may illustrate how sighing can
be used to cope with tension elicited during negative and sustained
psychological states when breathing becomes too random or lacks
variability, respectively, possibly by resetting structured respira-
tory variability. Negative reinforcement by temporary relief may
further increase the likelihood of sighing, which may contribute to
a vicious circle characterized by irregular breathing due to
excessive sighs.

All this is consistent with theorizing by Thayer and Lane (2000)
using a dynamic system perspective. They consider a healthy
cardiorespiratory system as a set of loosely coupled bio-oscillators
characterized by a complex variability. Tonic (illness, age) as well
as phasic (emotions, task-related activation) conditions are
associated with an increased coordination of control systems in
time and space (‘‘attractors’’), characterized by reduced complex-
ity. We conceive of a sigh, then, as a marker (or inductor) of the
transition from a sustained state (an ‘‘attractor’’) to a state of
dynamic equilibrium, characterized by higher structured varia-
bility.

Given the important interrelationships between respiratory
variability, sighing and emotions, measures of heart rate variability
or subjective feelings could give indications on subjects’ emotional
state preceding and following sighing. While heart rate was
registered in this study, frequency domain measures of heart rate
variability could not be assessed because spontaneous sighs
succeeded each other too quickly resulting in time windows that
were too short to reliably calculate indicators of heart rate
variability. Moreover, in order to warrant a spontaneous breathing
pattern, we did not collect ratings of the participant’s subjective
state. Thus, it cannot be documented whether participants became
bored, tired or tense at certain points during this resting period
and, as a result, sighs cannot be correlated to such emotional states.

Measures of end-tidal pCO2 showed no changes in pCO2

preceding and following sighs. This suggests that sighing during
quiet sitting breathing has no key function in the regulation of
pCO2. This fits in with findings in healthy persons that pCO2 does
not change towards a sigh, significantly drops during the sigh, and
then recovers to a pre-sigh level within three breaths (Wilhelm
et al., 2001c). The result that respiratory volumes are lower in sigh
series’ might be due to small reductions in volumes after a sigh,

Fig. 5. Mean AR (Vmin) for blocks preceding and following sighs and non-sighs. Vertical bars denote 0.95 confidence intervals.
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which did not influence pCO2 significantly over 10 breaths
following a sigh.

Some limitations to this study have to be considered. First, due
to the very short breath strings between sighs, no analysis of long
term respiratory memory was possible, nor could spectral analysis,
wavelet analysis or measures of chaos and complexity be applied
reliably. Therefore, exploration of the data was limited to
autocorrelation analysis and global measures of variability.
Second, time series analysis requires stationary data and
equidistant time intervals. Because autocorrelations were calcu-
lated per block, consisting of no more than 10 breaths, significant
trends are unlikely. However, autocorrelations calculated across
blocks, consisting of 10 up to 25 breaths, require more scrutinity.
Yet, no changes between blocks in any of the mean respiratory
parameters were found. Equidistancy of time intervals is violated
since the data are processed as breath-by-breath data and breath
duration varies from breath to breath. Other authors (Tobin et al.,
1995; Wilhelm et al., 2001c) argue that it is appropriate to consider
breaths as meaningful time units as total cycle time does not vary
that much. Because interpolation can overcome this problem, we
transformed the data into 100 ms intervals, but this did not change
the results.

In summary, these results show that randomness in respiration
progressively increases towards sighing. After a sigh, breathing
becomes less random as deterministic structured variability
increases. These results are consistent with the hypothesis that
sighs functions as noise elements providing information to the
respiratory system when it becomes deprived of information as
structured, time-dependent, deterministic, correlated variability
decreases. These findings are a first step towards testing the
hypothesis of sighs being general resetters, marking or inducing
transitions of sustained rigidity and inflexibilty into dynamic
complexity and responsiveness in both the respiratory system and
related psychological states. Our findings illustrate the importance
of the analysis of sighing in both respiration and emotion research.
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