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Breathing patterns and their modulatory effects on autonomic regulation

Luciano Bernardi

Department of Internal Medicine, IRCCS Ospedale S. Matteo, University of Pavia, Pavia,
Italy

Respiration is a powerful modulator of heart rate variability, of baro- and chemo-reflex
sensitivity. Abnormal respiratory modulation is often an early sign of autonomic dysfunc-
tion in a number of diseases. The practice of slow and deep breathing, as can be obtained
by training in specific aspects of yoga, can increase resting oxygen saturation and improve
exercise capacity in patients with chronic heart failure. Similarly, slow breathing can help in
maintaining oxygen saturation during hypobaric hypoxia, as shown during exposure to sim-
ulated altitude and in field experiments, involving either subjects practicing yoga exposed to
5050m altitude or Andean natives living at 4300m, affected by chronic mountain sickness
and presenting resting hypoventilation and exaggerated erythrocitosis. These effects can be
mediated by an improvement in ventilation/perfusion inequality, and probably also by a se-
lective training of respiratory muscles. We also investigated whether slow respiration, with
or without practice of yoga, can modify the baro- and chemo-reflex sensitivity and whether
this practice could be beneficial in heart failure, where an excessive increase in chemoreflex
activity has been demonstrated to contribute to the invalidating symptom of dyspnea. The
hypoxic and hypercapnic chemoreflex responses are significantly reduced in Yoga trainees
compared to control subjects during spontaneous breathing and controlled breathing at 15
breaths per minute. At six breaths per minute chemoreflex sensitivity is markedly reduced in
control subjects and becomes similar to that of Yoga trainees during spontaneous breathing.
However, spontaneous breathing rate is lower in Yoga trainees, and a significant correlation
was found between chemoreflex responses and resting spontaneous breathing frequency. In
patients with chronic heart failure, chemoreflex sensitivity is enhanced during spontaneous
breathing and controlled breathing at 15 breaths per minute, but drops significantly during
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slow breathing. At the opposite, baroreflex sensitivity can be enhanced during slow breath-
ing as compared to spontaneous breathing or to controlled breathing at faster rate. Thus the
practice of slower and deeper breathing, particularly when refined by yoga training, seems
to provide important favorable effects, involving the dynamics of breathing and the cardio-
vascular and respiratory control. Manipulation of breathing pattern can thus favorably affect
clinical conditions associated with altered breathing mechanics, inappropriate chemoreflex
overactivation and baroreflex dysfunction.

Emotion and natural selective attention

Margaret M. Bradley

NIMH Center for the Study of Emotion and Attention, University of Florida, USA

Processing affectively meaningful stimuli draws attention, as measured by a number
of autonomic and central indices of orienting, including skin conductance, cardiac rate,
the reflexive startle blink, event-related potentials (ERPs), and others. Here, it is hypoth-
esized that differences in attention to motivationally relevant stimuli, in the absence of
instructional or task manipulations, represents a type of natural selective attention: Cues
that activate motivational systems associated with appetite and defense naturally arouse and
direct attentional processes. Data supporting this hypothesis are presented from studies that
explore the role of stimulus emotionality, novelty and complexity in motivated attention. It
is concluded that motivation is a basic building block in cognition. Selective processing of
life-threatening and life-sustaining events has evolved primarily to support survival-related
behaviors, and provides a biological foundation for attention allocation, direction, and
selection.

Inaccurate symptom perception in chronic respiratory disease; automatic and uncon-
scious learning effects

Simon Rietveld

Department of Psychology, University of Amsterdam, The Netherlands

Many studies have shown that chronic respiratory patients without evidence of emotional
problems or psychological dysfunction are easily influenced toward perceiving symptoms
excessively, i.e., without airways obstruction. On the other hand is blunted perception of
airways obstruction a well-documented phenomenon. Explaining both overperception of
symptoms and underperception of airways obstructionwas the focus of this lecture. Chronic
patients have acquired a tendency to incorporate context information in their symptom
perception, that is information that repeatedly coincided with previous symptom events.
This is a normal feature of human information processing on the basis of informationwith an
acquired relevance. Although context information relates associatively to symptoms and not
causally, it influences symptom perception automatically, unconsciously and compellingly.
Hence, the presence or absence of specific context informationmay be decisive for symptom
perception, occasionally resulting in overperception or underperception.
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Cardio-respiratory training in the treatment of “functional” disorders and in perfor-
mance enhancement

Richard Gevirtz

California School of Professional Psychology at Alliant International University, USA

Breath has played a prominent role in the history of mind/body investigation. Western
thought has been heavily influenced by the Greeks and in fact the earliest Judeo-Christian
scriptures equate breath with life. Similarly, eastern philosophy and religion has been dom-
inated by breath/body interaction. In western science respiration has moved from having
purely a reflexive role (cfr. Pavlov, Sherrington) to being seen as a possible mediator for
the vast array of ‘’unexplainable” symptoms, often labeled functional disorders. ISARP
has been a small, but persistent, force in promoting the science of mind/body interaction.
Recent focus on mindfulness meditation has projected breath into the popular and scientific
arenas. Recently a device that promotes slow, effortless breathing received FDA approval
for the treatment of hypertension. In this talk, I focus on data from our lab and others that
support the role of breath interventions for the alleviation of symptoms associated with:
(1) non-cardiac chest pain, (2) panic, (3) asthma, (4) COPD and (5) irritable bowel syn-
drome and recurrent abdominal pain. In addition, I present some recent data reinforcing
earlier findings of our own that breath-based interventions are useful in cardiac rehabilita-
tion. Finally, I present two studies that show that breathing strategies are useful in sports
performance. In all of the above, treatment is focused on slow effortless breathing at rates
near 6min−1 with home practice as a key element. I conclude that: (1) a large variety of
disorders are are profoundly affected by breathing interventions; (2) this conclusion, though
supported by empirical evidence, is a well kept secret; (3) breathing techniques have great
potential for sports or musical performance; (4) we must do a better job of promoting
this message.

Influence of breathing retraining on medically unexplained dyspnea: a long term
follow-up study

Han Jiang-Naa, Zhu Yuan-Juea, Li Shun-Weia,Luo Dong-Meia, Gao Juna, Omer Van den
Berghb, Karel P. Van de Woestijnec

aPekingUnionMedical College Hospital, Beijing, China; bDepartment of Psychology, Uni-
versity of Leuven, cDepartment of Respiratory Diseases, University Hospital Gasthuisberg,
Leuven, Belgium

Breathing retraining was applied to patients with medically unexplained dyspnea and
its therapeutic effect was investigated from a long-term perspective, on the average 1.5
years. The diagnosis of medically unexplained dyspnea was based on the presence of sev-
eral suggestive complaints reproduced by voluntary hyperventilation. Organic diseases as
cause of the symptoms were excluded. After breathing therapy, the daily life complaints
evaluated by the Nijmegen questionnaire were markedly improved. When the types of the
symptoms were considered, significant improvement was observed on all symptom fac-
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tors. Additionally, the level of state and trait anxiety, evaluated by STAI, was reduced.
The resting PetCO2 in a representative group of patients was increased. To evaluate the
impact of breathing retraining on breathing stability, the patients were submitted to a hyper-
ventilation provocation test twice before breathing therapy and after therapy in follow-up
examination. The patients tolerated well the provocation test and the symptoms induced
by voluntary hyperventilation were markedly decreased, indicating the improvement of
breathing instability in those patients. It appears that breathing retraining works on both
mind and body, more specifically on anxiety as well as on breathing. It is likely that breath-
ing retraining improves patients’ symptoms not only by reducing breathing frequency and
promoting breathing stability, but also by modifying negative affectivity. The breathing re-
training could be considered as an effective therapy for patients with medically unexplained
dyspnea.

Independent improvements in health-related quality of life following pulmonary re-
habilitation: a factor analysis

Andrew Harver, Donna Lunsford

Department of Health Behavior and Administration, UNC Charlotte, USA

In this project, we evaluated improvements in health-related quality of life (HRQL) in
patients who completed a 6-week comprehensive pulmonary rehabilitation (PR) program.
Both generic (SF-36) and disease-specific questionnaires (St. George’s Respiratory Ques-
tionnaire, SGRQ) were administered to patients both before and immediately after PR to
document significant changes in HRQL as a consequence of program participation. Factor
analysis of post-PR scores was used subsequently to uncover separate and non-overlapping
dimensions (factors) of patient improvement. Fifty-one men and 71 women (M = 64
years) who complained of dyspnea on exertion completed PR including exercise train-
ing, education, and psychosocial interventions. At the start of PR, mean FEV1 and FVC
percent predicted values of participants were 45 ± 19 and 62 ± 19, respectively. Reliable
improvements (P < .01) were observed for all SF-36 subscale scores (physical functioning,
physical limitations, bodily pain, social functioning, mental health, emotional limitations,
vitality, and general health perceptions) following PR. Similarly, reliable improvements
(P < .01) were observed for all SGRQ subscale scores (symptoms, activity, and impacts)
following PR. Principal components factor analysis was used to determine the dimensions
underlying the pattern of interrelationships among the post-rehabilitation subscale scores.
The solution yielded two factors that accounted for 66% of the total variance in the data.
The three subscales of the SGRQ and both the physical functioning and general health
perceptions subscales of the SF-36 loaded on one factor; the remaining subscales of the
SF-36 loaded on a second factor. We labeled these factors, respectively, “Symptoms with
Activities” and “General Well-being.” We conclude that comprehensive pulmonary reha-
bilitation leads to significant improvements in health-related quality of life. These improve-
ments are largely evident as changes in levels of symptoms with activities and in overall
levels of well-being.
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Psychophysiological treatment for stress related somatic complaints: a randomized
controlled study

Erik M. Olssona,b, Lennart Melina, Peter Sohlstromb

aUniversity of Uppsala, bSwedish Center for Stress Medicine, Sweden

Stress-related complaints are one of today’s major sufferings resulting in substantial
costs for the health system all over the world. Evidence for treatments is generally lacking.
This study has an experimental design spanning three months. Subjects were 22 women
with stress-related somatic complaints diagnosed by their physician. After pre-tests and a
randomization procedure, 11 started treatment and 11 stayed on waiting list as controls.
Mean ages were 47 and 45 years respectively. A psychophysiological procedure including
baseline silent neutral reading for 5min and deep breathing for 2min were conducted as
pre- and post-measures. The treatment package included standard behavior medical com-
ponents from cognitive behavior therapy (CBT) and individualized biofeedback training
focused on relaxation and breathing. Biofeedback modalities used were: finger tempera-
ture (FT), skin conductance level (SCL), respiration-rate (RR), end-tidal CO2 (ETCO2),
oxygen saturation pulsometry (SpO2), heart rate (HR), respiratory sinus arrhythmia (RSA)
and blood-pressure (BP). The treatment started with four sessions in small groups and then
continued individually. The treatment group lowered their ratings for symptom-level and
on negative affect statistically significant compared to controls (P < .05). The intervention
did not alter functional level more than the control condition did. There were physiological
changes between pre- and post-measures due to a test-desensitization (FT, SCL, ETCO2,
HR, BP) (P < .05). As a response to deep breathing SCL, RR, ETCO2, SpO2, HR, RSA,
BP and self-rated stress were all influenced (P < .05). There were physiological effects
through treatment on RR and FT (P < .05). Biofeedback focused on respiration and relax-
ation is a potent and positive complement to standard CBT-based behavior medicine for
stress-related somatic complaints. Physiological changes due to treatment were few, which
can be explained by the short time span, the subjects’ small number and large variability in
all measures, and by the stress-reducing effect of repeated measuring.

Can learning effects explain overperception in asthma?
Steven De Peuter, Stephan Devriese, Ilse Van Diest, Gerrit Vos, Omer Van den Bergh
Department of Psychology, University of Leuven, Belgium

Within a learning perspective on overperception of symptoms in asthma, we tested 20
asthmatics and a control group (n = 20). Each participant breathed six times for 2min
in a bag containing either 100% O2 (three trials), or 5% CO2 in 95% O2 (three trials).
We administered a puff from one of two placebo inhalers (marked white and black) in the
bag just before the start of each trial. One inhaler was consistently used on CO2 trials, the
other on O2 trials. Before each trial, participants rated howmany complaints they expected.
During each trial, breathing parameters (time and volume parameters, drive and FetCO2)
were recorded. After each trial, we administered a symptom checklist. In the test phase,
participants went through 2 additional trials with 100% O2 (without CO2), once with each
inhaler. We tested whether participants reported more complaints on the Asthma Symptom
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Checklist during test when the inhaler that had been coupled with CO2 during acquisition
was used. We observed a significant learning effect on expectancy ratings and a marginally
significant interaction effect with group. Participants reported more complaints on the trial
in which the inhaler was used that had been coupled with CO2 trials, compared to the trial
with the other inhaler. This effect was also significant for the dyspnea and hyperventilation
subscales. Asthma patients reported significantly more hyperventilation complaints in test
than the control group without a corresponding effect on physiological measures.

Threshold detection of added resistive loads: does variability in flow rate undermine
the methodology?

GregoryK. Fritz, SusanPenza-Clyve, Sheryl Kopel, ElizabethMcQuaid, RickCarter, Robert
B. Klein, Anthony Mansell, Dale Steele

Rhode Island Hospital, Brown University, Providence, Rhode Island, USA

Threshold detection of added resistive loads has been used as a laboratory procedure
to quantify subjects’ sensitivity to respiratory changes. In recent years it has been used as
a proxy measure of symptom perception ability in asthmatic patients. Various protocols
have been developed to determine an individual’s smallest added resistive load that can be
consistently detected; a lower threshold implies great sensitivity. Respiratory resistance is a
function of pressure and flow rate as known external resistances are varied breath to breath.
In a laboratory setting involving only a few loaded breaths, however, subjects may reduce
their flow immediately in response to encountering increased resistance—a temporary adap-
tation that is not possible to sustain in real-world situations (such as bronchoconstriction
associated with an asthma episode). Should this adaptation occur during a study protocol,
the actual resistance to be perceived will be smaller than the resistance investigators believe
has been presented, and the results will be misleading. To evaluate the magnitude of this
potential confound, we collected flow and pressure data on every breath for 88 children
with asthma as they participated in a resistive loading protocol. The actual resistance was
calculated from flow and pressure data and compared to the calibrated resistance intended
to be presented by the apparatus. Over 4600 breaths, actual and calibrated resistances were
highly correlated: Spearman’s ρ = 0.86. Pmax (pressure at maximum flow) was plotted
against calibrated resistance. Subjects who maintained a steady flow were compared to
subjects who altered their flow in response to greater resistive loads. Patterns of threshold
detection were compared for these groups. These findings have significant implications for
researchers who use a resistive loading paradigm in research protocols.

Perception of airway function in 8-year olds

A.H. Kendricka, J. Goldinga, A. Wyattb, C. Mattocksb, K. Northstoneb, A. J. Hendersonb

aALSPAC Group, University of Bristol & Department of Respiratory Medicine, bBristol
Royal Infirmary, UK

The ability to perceive changes of airway functionmay be important, with good perceivers
making greater demands of healthcare provision. We have studied an unselected group of
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8-year olds that included non-asthmatics (NA) and those with doctor diagnosed asthma
(DDA). Bronchial hyper-reactivity (BHR) was assessed using the Yan technique. Measure-
ments of 1 s forced expiratory volume (FEV1) were obtained 1min after each methacholine
dose. The dose resulting in a 20% fall in FEV1 was obtained (PD20). Before each FEV1
measurement, subjects rated their breathing using a modified Brown VAS. From the rela-
tionship of FEV1 (%predicted) to VAS, the correlation coefficient was used to grade the
accuracy of perception. 1514 (751F) children were studied, with 144 (58F) having DDA.
Ten children scored zero on VAS throughout the test. Between the NA and DDA groups,
there was a significant difference in the distribution of (a) BHR (χ2 = 86.9, P < .001) and
(b) perception of airway function (χ2 = 12.9, P < .01). In the DDA group, there was a sig-
nificant difference in the distribution of perception of airway function to PD20 (χ2 = 15.3,
P < .05). Forty-seven percent children had low perception of accuracy (r < −.30) and
32% high accuracy (r > −.60). The distribution of bronchial hyper-reactivity within a pop-
ulation of doctor-diagnosed asthmatics and non-asthmatics is significantly different with
more asthmatics having mild to severe BHR. In doctor-diagnosed asthma, 47% of children
had low accuracy of perception. This study (a) may have implications for the management
of childhood asthma and (b) needs repeating by assessing perception of airway function at
home.

Emotions and respiratory function in everyday life of asthmatic and nonasthmatic
adults

Andreas von Leupoldt, Felix Ehnes, Bernhard Dahme

Psychological Institute III, University of Hamburg, Germany

Laboratory studies revealed that strong negative and positive emotions are capable of
provoking airway obstructions in asthmatics and to a lesser degree in nonasthmatics while
little is known about the effects in everyday life. We examined this relationship in a field
study by comparing 10 patients with mild to moderate asthma with 10 nonasthmatic con-
trols. Participants recorded mood, peak expiratory flow (PEF), forced expiratory volume in
the first second (FEV1), physical activity, and asthma medication use three times daily with
an electronic spirometric self-assessment diary (AM2; Jaeger Toennies, Hoechberg) over
a 21-day period. Episodes of strong negative and positive emotions were extracted from
the diaries and compared with those of neutral emotional valence. A preliminary analysis
showed significant decreases of PEF during episodes of negative mood and increases of
PEF for episodes of positive mood as compared to conditions of affective neutrality. FEV1
revealed a similar pattern but only as a nonsignificant trend. Physical activity preceding
episodes of positive mood was increased in comparison to neutral and negative episodes.
No group differences were obtained, neither in mood ratings nor in PEF, FEV1 and phys-
ical activity. Asthma medication use did not differ between mood episodes in the patient
group. The results indicate an influence of negative emotions on worsening respiratory
function in everyday life of asthmatic and nonasthmatic subjects. An alternative explana-
tion could be seen in an impact of mood on the motivation to carry out effort-dependent
home measurings of PEF and FEV1. Given this, a negative mood might lead to insufficient
feedback about the state of pulmonary function.
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The psychophysiology of asthma: current issues and future directions of research

Thomas Ritz

Psychological Institute III, University of Hamburg, Germany

In the last decades the notion of an interaction between psychological and physiological
factors in asthma has become increasingly accepted. To date a wealth of studies have pro-
vided evidence for an influence of life events, stress, emotions, and experimental suggestions
on the asthmatic airways. Studies on airway interoception and symptom perception have
shown considerable individual differences in the ability to detect disease-relevant signals
from the airway system or perceive asthma-relevant symptoms and have begun to study
determinants of this variation. Currently, major promising research trends can be seen in
the investigation of influences of ecologically relevant psychosocial situations on asthma
symptoms and the airways, the elucidation of central nervous system mechanisms of dysp-
nea and their association with emotion and pain perception, and the impact of psychosocial
factors on airway immunology. New measurement techniques for non-invasive monitoring
of inflammatory parameters from exhaled gases and breath condensate promise an exciting
future of psychophysiology in this area. Theywill help determine the place of psychological
influences in the network of multiple factors that contribute to asthmatic airway hyperreac-
tivity. Although biofeedback of autonomic functions in chronic disease has lost some of its
scientific appeal in recent years, its potential in asthma lies in the fact that asthma-relevant
parameters of respiration such as functional residual capacity or end-tidal PCO2 can be
controlled voluntarily. Biofeedback, and breathing training in general, deserves further ex-
ploration as adjunctive treatments for asthma. Since earlier psychosomatic conflict theory
of asthma has proven untenable, psychosocial influences on asthma pathophysiology and
the course of the disease have been the major focus of research. However, new directions
in psychoneuroimmunology have the potential of reviving the idea of an etiological role of
psychosocial factors in asthma.

Real-world breathing and respiratory sinus arrhythmia

Paul Grossmana, Monika Spoerlea, Frank H. Wilhelmb

aFreiburg Institute of Mindfulness Research, Freiburg, Germany; bStanford University
School of Medicine, Psychiatry and Behavioral Sciences, CA, USA

Respiratory sinus arrhythmia (RSA) is frequently used in psychophysiology as a cardiac
vagal index without regard to RSA dependency upon breathing rate (BR), tidal volume
(Vt) or other respiratory parameters. This is despite substantial laboratory evidence that
within-individual variations in RSA are greatly influenced by alterations in BR and Vt,
which may markedly confound the association between RSA and vagal tone. We inves-
tigated within-individual relations of RSA to respiration among 40 healthy adults during
daytime ambulatory monitoring of ECG, respiration, accelerometer activity, posture and
computerized self-reported behavior. All measures were monitored using the LifeShirtTM,
which also enables accurate estimation of timing and volumetric parameters of ventilation
via inductive plethysmography. RSAwas calculated bymeans of the peak-valley algorithm.
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Individual multiple regression analyses were performed, employing 840min of respiratory
parameters to predict minute-by-minute RSA. The mean multiple R across subjects was 0.8
(P < .0001). Additionally, nonlinear regression was intraindividually applied to the com-
plete data and to subsets of paced breathing at six rates. The mean R between BR and RSA
during paced breathing was 0.98 (P < .0001). Analyses revealed a close nonlinear fit of
the paced conditions to overall daytime data, indicating that spontaneous relation between
breathing parameters and RSA were not disturbed during pacing. These ambulatory data
(1) confirm laboratory findings that respiratory variations may confound relations between
RSA and vagal tone, (2) underscore problems of ambulatory assessment of RSA with-
out concurrent monitoring of respiration, (3) clarify sometimes divergent research findings
about the need for respiratory control, and (4) suggest specific procedures to correct for a
respiratory confound.

A nondrug (biofeedback) treatment for asthma

Paul M. Lehrera, Evgeny Vaschillob, Bronya Vaschillob, Shou-En Luc, Anthony Scardellad ,
Robert H. Habibe, Robert Hamerf , Stuart Hochrong, Dwain L. Eckbergh, Tom Kuuselai

aDepartment of Psychiatry, UMDNJ, Robert Wood Johnson Medical School, Piscataway,
bDepartment ofNeurosciences,UMDNJ,New JerseyMedical School, Newark, cDivision of
Biometrics, UMDNJ, School of Public Health, New Brunswick, dMahmood Siddique, DO
Department ofMedicine, UMDNJ, RobertWood JohnsonMedical School, NewBrunswick,
NJ, USA; eMercy Childrens Hospital, Toledo, OH, USA; fDepartment of Psychiatry, Uni-
versity of North Carolina School of Medicine, USA; gDepartment of Medicine, UMDNJ,
RobertWood JohnsonMedical School,NewBrunswick,NJ,USA; hDepartment ofMedicine,
Medical College of Virginia, Richmond, VA, USA; iDepartment of Physics, University of
Turku, Turku, Finland

We evaluated a new biofeedback treatment for asthma. Ninety-five adults with asthma
were restabilized on controller medication and randomly assigned to: (1) a full proto-
col (heart rate variability biofeedback and abdominal breathing through pursed lips and
prolonged exhalation), (2) heart rate variability biofeedback alone, (3) placebo electroen-
cephalograph biofeedback, or (4) a waiting list control. Subjects recorded daily asthma
symptoms and twice daily peak expiratory flows. Spirometry was taken at each session.
Oscillation resistance and baroreflex gain were measured approximately triweekly. Medi-
cation was titrated biweekly according to a protocol based on symptoms, spirometry, and
home peak flows by asthma specialists who were blinded to the experimental condition.
Compared with the two control groups, subjects in both of the two heart rate variability
biofeedback groups were prescribed less medication, with minimal differences between
the two active treatments. Improvements averaged one full level of asthma severity. There
also was evidence for a rescue effect. Measures from forced oscillation pneumography, but
not spirometry, showed improvement in pulmonary function. A placebo effect influenced
improvement in asthma symptoms, but not pulmonary function. The results suggest that
heart rate variability biofeedback may be a useful adjunct to asthma treatment and may help
reduce dependence on steroid medications.
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Standardized assessment of diurnal vagal activity in depressed patients with risk for
coronary artery disease: accounting for physical activity, respiration, and mood vari-
ability

Frank H. Wilhelmabc, Ansgar Conrada, Kristine H. Lucea, Christine I. Celioa, Allyson
DeLorenzoa, Walton T. Rothab,Paul Grossmand , C. Barr Taylora

aDepartment ofPsychiatry andBehavioral Sciences, StanfordUniversitySchool ofMedicine,
USA; bVA Palo Alto Health Care System, USA; cInstitute for Psychology, University of
Basel, Switzerland; dInstitute for Psychology, University of Freiburg, Germany

Depression is associated with a higher incidence of coronary artery disease. Although
one potential pathophysiological mechanism, vagal dysregulation, has been documented
in the laboratory and by Holter monitoring of heart rate variability, these findings are in-
conclusive without control for respiratory confounds in the assessment of respiratory sinus
arrhythmia (RSA). Furthermore, the 24-h RSA differences between depressed and non-
depressed groups may be simply a reflection of different physical activity patterns since
physical activity powerfully suppresses RSA. In this preliminary analysis, we assessed 23
older participants (>55 years) with major/minor depression and cardiac risk factors using
the LifeShirt system and compared them to 16 sex, age and cardiac risk factor matched
nondepressed controls. Subjects were instructed six times during the day to sit quietly for
5min periods (10:00, 12:00, 14:00, 17:00, 19:00, 21:00) and then fill out the customized
electronic diary of the LifeShirt system assessing positive and negative affectivity (PA and
NA) using a modified PANAS questionnaire. Vagal activity scores for these periods were
computed from the ECG and calibrated respiratory signals of the LifeShirt using transfer
function analysis (TF-RSA), which can account for respiratory variation throughout the
day possibly confounding the relationship of RSA and vagal activity. Compliance of sub-
jects with the quiet sitting instruction was assured by the accelerometer of the LifeShirt
(indicating movement) and the respiratory channels (indicating speech based on respira-
tory pattern analysis). Results indicated circadian variation in respiratory rate and tidal
volume in each group, making it imperative to account for these confounds in the calcu-
lation of vagal regulation. PA was lower (P < .02), whereas NA was higher (P < .01)
in depressed compared to nondepressed subjects. PA decreased across the day (P < .04)
in the depressed group while NA increased (P < .01). In the nondepressed group, NA
decreased between 17:00 and 21:00 (P < .02). Surprisingly, depressed patients did not
show any indication of lower vagal regulation (RSA or TF-RSA). NA and TF-RSA (but
not RSA) were related within this group (r = −.49, P < .02), while PA was related with
low-frequency HRV in nondepressed participants (r = −.59, P < .01). In conclusion,
diurnal PA and NA scores distinguish between depressed and nondepressed patients, while
measures of vagal regulation, when controlled for physical activity and other confounds,
do not. However, vagal regulation as assessed by TF-RSA explains diurnal NA differ-
ences within the depressed group, suggesting utility as a biological marker of depression
severity.
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Respiratory responses during film viewing
Patrick Gomez, Philippe Zimmermann, Sissel Guttormsen, Brigitta Danuser
Institute forHygiene andAppliedPhysiology, Swiss federal Institute ofTechnology, Switzer-
land

To extend our knowledge of respiratory responses during affective processing, we in-
vestigated respiratory responses during film clip viewing and their relation to the affective
dimensions of valence and arousal. A major goal of the study was to determine if relations
between affective dimensions and physiological measures, previously observed for rela-
tively short stimuli, are also valid when people are affectively stimulated for a longer period
of time. Seventy-six subjects participated in a study using a between groups design. To begin
with, all participants viewed an emotionally neutral film clip. Then, theywere randomly pre-
sentedwith one of four emotional film clips: a positive high-arousal, a positive low-arousal, a
negative high-arousal and a negative low-arousal clip. Film clips had a duration of 6–11min.
Presentations of the clips was preceded by a 2min rest period that served as baseline. Res-
piration, skin conductance level, heart rate, corrugator activity and self-reports of valence
and arousal were measured. Affective judgments and physiological change scores of the
emotional clips were analyzed in separate 2 (valence: positive versus negative)× 2 (arousal:
high versus low) ANCOVAs. Affective judgments and physiological change scores of the
neutral clip served as covariates to control for possible differences between groups. The
emotional film clips were effective in inducing the desired affective reactions. Expiratory
time was shorter and inspiratory duty cycle, mean expiratory flow and minute ventilation
were larger during the high-arousal clips compared to the low-arousal clips. No effects were
obtained for inspiratory time, total breath duration, inspiratory volume and mean inspira-
tory flow. The affective valence of the stimuli had no influence on any respiratory measure.
These findings confirm the importance of arousal in respiratory responding. The arousing
film stimuli also yielded greater electrodermal activation. Supporting previous research,
heart rate and corrugator activity differentiated between positive and negative film stimuli.

Is there an additional non-motivational drive to ventilation in subjects with idiopathic
hyperventilation during exercise and recovery?

Sandy Jack, Henry Gibson, Christopher J. Warburton

Aintree Chest Centre and Acute Medical Unit, University Hospital Aintree, Liverpool, UK

Processes that lead to hyperventilation in individualswith idiopathic hyperventilation (IH)
during exercise are poorly understood, anxiety often quoted as a leading cause (Howell,
1990). It has been proposed that as metabolic demand increases, behavioral influences on
ventilation decrease in individuals with psychiatric disorders (Morgan & Cameron, 1984.
Ventilation (VE) is determined by PaCO2, as reflected by the linear relationship between
VE and VCO2 during exercise (Whipp & Ward, 1982). Thus, during exercise the slope of
VE/VCO2 in IHwould not be expected to differ from that of normals. Similarly, in recovery,
a motivational component to inappropriate hyperventilation is likely to be minimized. This
hypothesiswas examined in 16 chronic established IHwith acute additional hyperventilation
(as evidenced by RER > 1 at rest or exercise onset) and 16 controls (mean ± SD age
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48.1± 14.3 and 52.9± 13.7 years respectively) in both ramp incremental cycle ergometer
exercise (15Wmin−1) and subsequent recovery. Hyperoxic CO2 rebreath (Read, 1967) was
also assessed in the IH subjects. Pred max work rate was 81± 21% (IH) versus 132± 56%
(controls). VE increased as a linear function of VCO2 in both groups during exercise, the
slope being significantly greater in IH (41.05 ± 12.25 versus 27.07 ± 2.65; P < .001:
intercept 7.95±6.29 versus 4.57±5.28 lmin−1; P = NS) and similarly decreased linearly
in recovery (41.59 ± 11.53 versus 27.34 ± 3.00; P < .001; intercept 8.01 ± 5.18 versus
5.34 ± 4.07 lmin−1; P = NS). Resting CO2 sensitivity was 2.01 ± 1.0 lmin−1 mmHg−1
in IH subjects. In the absence of pulmonary, peripheral and chemoreceptor dysfunction in
IH these data suggest that there is an additional component to ventilatory drive, which can
not be explained by psychological or behavioral indices alone.

Relief of dyspnea: physiological determinants, brain activation andqualitative sensory
aspects

Claudine Peiffera, Nicolas Costesb, Philippe Hervea, N. Costesb, Luis Garcia-Larreab

aCentre Chirurgical Marie-Lannelongue, Le Plessis Robinson, bCERMEP, Lyon, France

Relief of dyspnea, i.e. the specific sensation of breathing becoming easier, is commonly
used to assess the subjective effect of therapeutical intervention. However, the mechanisms
underlying this sensory experience remain largely unknown. We therefore studied induced
dyspnea relief in terms of physiological and sensory characteristics and associated brain
activation in 10 healthy male volunteers. Acute dyspnea was induced with an external
device which consisted of an inflatable ring inducing a strong resistive load. This device
enabled us to induce relief of dyspnea during imaging by deflating the ring leading to a
rapid but smooth decrease of the resistive load. Brain imaging was performed either during
a period of dyspnea induced by a resistive load of constant intensity (cD) or during relief
of a dyspnea (RD) of similar intensity than cD. At the end of each scan, the subjects rated
the perceived intensity of either dyspnea or the sensation of RD on a Borg scale, and the
qualitative aspect by choosing appropriate word descriptors out of a list. Relief of dyspnea
was characterized by a sensation of high intensity (similar to that of cD) and by specific
word descriptors involving for most of them a clearly positive valence. Sensory intensity of
RD was mainly determined by the decrease in amplitude of mouth pressure swings (which
were highly increased during the just preceding dyspnea) and by the parallel increase in
minute ventilation. In addition, RD was associated with specific brain activation in the left
prefrontal cortex and the anterior cingulate gyrus. Thus, our results suggest that relief of
acutely load-induced dyspnea, is a strong, specific, basically pleasant sensory experience
involving a specific neural network which is different from that subserving dyspnea.

Computing increases respiration rate

Erik Pepera, Katherine H. Gibneya, Richard Harveyb

aSan Francisco State University, bUniversity of California at Irvine, USA

Discomfort at the computer occurs in more than 80% of computer users. Symptoms in-
clude head, neck and shoulder tightness, arm and hand tingling, eye irritation and general
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exhaustion. Common themes underlying computer-related discomfort include lack of so-
matic awareness, stress, immobility, inappropriate ergonomics and work-style, low level
muscle tension, and shallow rapid breathing during data entry. This research reports on
the effect of computing on respiration patterns. Eighteen volunteer participants (8 men and
10 women), mean age of 31 (range 17–53) participated in the study exploring the psy-
chophysiology associated with computing. Surface electromyography was monitored from
the muscles of the left upper trapezius, right upper trapezius, mousing arm anterior deltoid,
and forearm flexor/extensor. Respiration rate was monitored with a strain gauge placed in
the mid-thoracic area, just above the umbilicus. The Ss sat in front computer and alternated
between 1min point and type tasks and 1min rest conditions.
The results showed significant increases in all subjects in respiration rate and muscle

tension of the forearm, deltoid, and right trapezius while performing intensive data entry.
Specifically, there was a significant increase in respiration rate from resting (14.5 breaths
per minute) to point and type tasks (19.7 brm) (t17 = 8.37, P < .001). Post-trial ques-
tionnaires ascertained that the subjects were unaware of increased shoulder tension and
faster respiration rates. In summary, lack of awareness, rapid shallow breathing, and unnec-
essary muscle tension during computer use may contribute to the risk of repetitive strain
injury.

Riskof suffocationandmovement restriction as triggers forhyperventilation responses

Ilse Van Diesta, Gerrit Vosa, Stephan Devriesea, Steven De Peutera, Karel P. Van de
Woestijneb, Omer Van den Bergha

aDepartment of Psychology, University of Leuven, bDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Several models of panic and agoraphobia, syndromes in which hyperventilation is highly
prevalent, have emphasized the role of Fear of Suffocation and/or Fear of Restriction. We
aimed to explore the critical value of risk of suffocation and movement restriction/physical
confinement in triggering hyperventilation responses in non-clinical participants. Fractional
end-tidal CO2-concentration (FETCO2), breathing frequency and tidal volume were mea-
sured in women scoring high (n = 24) and low (n = 24) on negative affectivity (NA)
who imagined each three fear, one tension, one depressive and three relaxation scripts. The
fear scripts were equal on pleasantness and arousal, but differed as regards the inclusion of
suggested risk of suffocation and movement restriction. Decreases in FETCO2 occurred in
all fear scripts, but not in the other scripts. In the fear script suggesting risk of suffocation,
high NA women showed a stronger reduction in FETCO2 compared to low NAwomen, but
this effect was unrelated to subjective ratings on the Fear of Suffocation-scale. Trait-like
Fear of Restriction was not associated with an enhanced respiratory reactivity to imagined
restriction. However, people with a higher Fear of Restriction had a consistently lower
FETCO2 during the entire experiment, possibly because of the actual movement restriction
constituted by the respiratory measurement devices.
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A case study using a self-mediated workbook program including breathing retraining
for panic disorder

Bert Anderson

Healing Panic Recovery Program, USA

A case presentation of a then 34-year-old female homemaker, Peruvian Citizen (perma-
nent US resident for past 4 years), presented with severe panic disorder complicated by
pregnancy. The patient became agoraphobic, was unable to leave her home and had to be
with a safe person (husband) 24 h a day for several months. She suffered from severe anxiety
and insomnia. Symptom severity was scaled by patient as 10 out of a possible 10. Patient
received treatment materials (Healing Panic Recovery Program) based on the hyperven-
tilation explanation of panic disorder and breathing retraining treatment. Included was a
treatment manual, volumetric exerciser (inspirometer) and two audio tapes. Exercises for
the recognition of breathing patterns are followed by instructions for using the volumetric
exerciser. Information on a physician supervised reduction of medications, cognitive re-
structuring, symptom recognition and relaxation are integrated as users progress through
a series of breathing exercises. Compliance with instructions was near 100%. She gained
some control after 2 weeks and good control after 5 weeks. The program was completed
by the patient with some repetition of weeks. After using the program, patient received
psychotherapy for anxiety. Two years after receiving the program she reported 80–90%
reduction of symptoms and frequency of panic attacks. During the third year, she twice
drove alone 100 miles away from home by herself on two occasions, and stayed away a
week while attending business courses. Recovery is considered to be 100% more than 3
years after completing the treatment program.

Volume controlled paced breathing: a new technique of breathing retraining

Bert Anderson

Healing Panic Recovery Program, USA

Breathing retraining to reduce hypocapnic breathing in patients suffering from hyper-
ventilation syndrome and panic attacks has mixed results. Patients being taught to breathe
slowly using the diaphragm may continue to over-breathe. Personal observations while
treating panic disorder patients, and those of others, show that many patients have a very
irregular respiratory pattern with a considerable variance in depth and timing from breath
to breath. This instability may be a major contributor to lowered PCO2 in these patients.
Further, slow diaphragmatic breathing is not directly related to a normal breathing cycle of
8–12 breaths per minute. Respiration paced at ten breaths per minute with a timing device
has been shown to be effective in reduction of anxiety in a clinical population with no direct
control of breath volume other than instructions to breathe slowly with the diaphragm. Re-
cent attempts using paced respiration with feedback from a portable capnometer have been
reported as successful in the regulation of breathing and control of panic attacks together
with other benefits to the patient. The presenter proposes andwill demonstrate an alternative
to both of the above methods: Paced respiration while controlling the respiratory volume
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of each breath cycle using a volumetric exerciser (inspirometer). An informal test of the
method showed immediate benefits for a small group practicing other breathing retraining
methods. The goals of decreasing the intensity and frequency of panic attacks, increased
PCO2, and a lasting benefit to the patient, may be realized with the simpler method.

The use of exhalation to reduce pain: observations from voluntary pain control by a
yogi

Erik Pepera, Mitsumasa Kawakamib, Misa Satac

aSan Francisco StateUniversity, USA; bInstitute for Research of Subconscious Psychology,
Tokyo, Japan; cVietta Sue Wilson, York University, Toronto, Canada

A Yogi master was psychophysiologically monitored while he pierced his neck and
tongue with skewers to demonstrate control of pain and bleeding. Measurements included
respiration rate, heart rate (HR), diaphragmatic and thoracic breathing, electrodermal ac-
tivity (EDA) and electroencepholography (EEG) from Cz and Fz. The Yogi reported no
pain during piercing and no bleeding was observed. In general, he had elevated HR and low
unresponsive EDA throughout the session. His respiration rate averaged 7 bpm during the
slow breathing meditation prior to and following the piercing but elevated to approximately
25 breaths per minute during piercing. His EEG showed predominate alpha of 10Hz during
meditation. While he stayed in alpha during the piercing, there was a broader range of alpha
activation ranging from 10 to 14Hz. The first skewer was pierced through the neck within
two cycles of breathing. He reported that he only pierced during the exhalation phase of
respiration and did not move the skewer while inhaling. He used the same breathing strategy
for piercing his tongue with the second and third skewers. He reported feeling the skewers
entering his body however, he perceived no pain. This demonstration supports a finding
of conscious self-regulation with breathing, as opposed to disassociation, for controlling
attention and responsiveness to painful stimuli. We hypothesize that clients with chronic
pain could be taught how to control pain using breathing and the mind/body in a similar
manner.

Amethod for assessment of one dimension of dysfunctional breathing: distribution of
breathing movement

Jan J. van Dixhoorn

Center for Breathing Therapy, Amersfoort, The Netherlands

There are several ways to operationalize the concept of dysfunctional breathing. One of
them is the pattern of breathingmovement, in particular the relative contribution of chest and
abdomen. In this paper an easy and practical method is introduced to assess the distribution
of breathing movement manually. It consists of an estimation of the area of sideways expan-
sion during inhalation by placing the hands on both sides of the lower ribs at the backside
of the body. The subject is sitting comfortably and the experimenter is sitting behind. The
assessment is quantified by indicating in a semicircle the part that participates in sideways
motion. Interrater reliability is measured during two sets of manoeuvres: in 12 subjects
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during normal breathing, high breathing and after audible exhalation and in six subjects in
an easy, a bit slum posture and sitting upright. Reliabilities range from 0.75 to 0.98. As
expected, both the upright posture and breathing ‘high’ result in an upward shift of the
distribution.
In a 2-year follow-up of a clinical trial of breathing therapy in cardiac patients,

the experimental group demonstrated more participation of the lower part of the body,
both during quiet breathing and during ’deep’ breathing. Case histories will be shown to
demonstrate the utility in clinical practice and theoretical issues will be discussed.

Comparison of exercise and cardiorespiratory biofeedback for women with
fibromyalgia

Robin Beltran, Richard Gevirtz

California School of Professional Psychology at Alliant International University, USA

Background: Fibromyalgia is a common chronic pain condition for which exercise and
multi-component treatment programs are commonly prescribed, although previous research
has been inconclusive regarding their efficacy. The current study compares a ten-week, su-
pervised group pool aerobic exercise program to a multi-component treatment program
that includes pool exercise, cardiorespiratory biofeedback and a psychoeducational compo-
nent designed to address the symptoms of fibromyalgia as the outcome of chronobiological
disruption (following the SABRE protocol).
Method: Participants in the study were 32 women between ages 22–65 who had a di-

agnosis of fibromyalgia for between 1 and 22 years. Participants were randomly assigned
to one of three groups: multi-component treatment group, exercise only treatment group,
or control group. Controls received no treatment. All participants were assessed during the
week prior to and following treatment.
Results: No pre-treatment differences between groups were found. A significant interac-

tionwas found onmeasures of sleep (P < .05), indicating greater improvement formembers
of the multi-component treatment group. No other significant interactions were found on
analysis of the three groups. Treatment groups were combined to investigate the effect of
treatment versus controls; significant pre- to post-treatment differences (P < .05) were
found on measures of functioning, fatigue, pain, sleep, and fitness, with improvement ap-
proaching significance on depression. Anxiety showed no improvement, and no significant
changes were seen for controls.
Conclusion: The results of the study support the use of pool exercise as treatment for

patients with fibromyalgia. No additional benefit for participants in the multi-component
treatment group which emphasized cardiorespiratory biofeedback were found, except on
measures of sleep quality. Biofeedback resulted in limited change in normalized heart
rate low frequency compared to previous studies, suggesting that the use of group rather
than individual biofeedback may have reduced the efficacy of the multi-component
treatment.
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Attentional bias for asthma-cues in asthma: evidence from a dot-probe task

Steven De Peutera, Carine Swennena, Geert Verledenb, Maurits Demedtsb,Omer Van den
Bergha

aDepartment of Psychology, University of Leuven, bDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Background: We investigated whether attentional biases for asthma-related words exist
in an asthma-population.
Method: The studyused a visual dot-probe task.Word pairswere presented on aPC-screen

for 500ms, one word above the other. Then one of the words was replaced by a dot.
Participants had to respond as fast as possible by pressing a lever in the direction of the dot.
Word pairs consisted of asthma-related words, negative and neutral words. Thirty-two

asthmatics and a control group (n = 16) completed the task.
Results: There was an effect of congruence for asthma-neutral and asthma-nega-

tive word pairs, but not for negative-neutral word pairs. Participants reacted faster when
dots were presented in the location of asthma-words, especially when the other word
was negative. This effect was largest for participants scoring high on Negative
Affectivity and for asthma patients experiencing much anxiety during an asthma attack.
Discussion: We suggest that the 500ms presentation time gave participants enough time

to engage in effortful processing, inhibiting attentional bias for the negative-neutral word
pairs. However, the setting (pneumology department, medical equipment present) may have
increased the salience of medical cues for all participants (including control participants).
As a result, asthma-related words captured attention, even more so when the other word
was negative. We conclude that high-anxious asthma patients in an asthma-related setting
will show increased attention for asthma-related cues.

No evidence for attentional bias for auditory cues in asthma

Steven De Peutera, Karen Thijsa, Stephan Devriesea, Ilse Van Diesta, Gerrit Vosa, Geert
Verledenb, Maurits Demedtsb,Omer Van den Bergha

aDepartment of Psychology, University of Leuven, bDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Background: We investigated whether attentional biases for asthma-related sounds exist
in an asthma-population.
Method: Participants had to react as quickly as possible to short high-frequency tones

in a headphone by pressing a button according to the location of the beep. Meanwhile, we
presented distractor stimuli: a fragment of a recording of quiet tidal breathing or a fragment
of wheezing sounds. Participants were instructed to ignore distractor stimuli. We measured
reaction times and error rates.
Results:We observed an overall congruence effect: participants reacted faster when beeps

were presented contralateral to distractor sounds. Therewere no differences between asthma
patients and controls in reaction times.
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Discussion: The current results do not allow us to draw any conclusions. Faster re-
action times to beeps contralateral to distractors could be evidence for avoidance. How-
ever, the lack of effect of experimental group (asthma versus control) casts doubt on this
interpretation. Moreover, there was no difference between distractors. The longer reac-
tion times may be due to the fact that distractor sounds made it hard to discriminate
beeps.

A cued negative experience changes breathing behavior and symptom reporting

Stephan Devriesea, Gerrit Vosa, Ilse Van Diesta, Steven De Peutera, Karel P. Van de
Woestijneb, Omer Van den Bergha

aDepartment of Psychology, University of Leuven, bDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Objective. In the present study, revaluation of conditioned responses by means of an
unpredicted negative experience (i.c. unconditioned stimulus (US) inflation through infor-
mation and an adapted US) was studied with regard to a conditioning model for multiple
chemical sensitivity (MCS).
Method: Forty healthy volunteers participated in this differential conditioning study with

ammonia and acetic acid as conditioned stimuli (CSs) and 7.5%CO2 as the US. Acquisition
consisted of three CS+ (odor+ CO2) and three CS− (odor+ air) trials, presented in coun-
terbalanced order. After the acquisition phase, half of the participants received information
framing the experiment in a negative context, and a 10% CO2 trial (US-inflation group).
The other half received a regular air trial (control group). Test consisted of presentation of
both CS+ and CS− with regular air. Symptoms, trial evaluation and respiratory measures
were used as dependent measures.
Results: A conditioning effect was found for all measures. However, only on the respi-

ratory measures, a difference was found between the US-inflation and the control group:
larger conditioning effects were found in the former compared to the latter group.
Conclusion: We replicated the conditioning effect found in previous studies with two

negative affective valenced odors on symptoms and trial evaluations. We also found a
conditioning effect on physiological measures. Results are discussed with regard to
MCS.

Medically unexplained dyspnea in Chinese children: a review of 34 cases

Han Jiang-Naa, Zhu Yuan- Juea, Li Shun-Weia, Luo Dong-Meia, Yin Xiao-Wena, Chen
Yu-Zhib, Omer Van den Berghc, Karel P. Van de Woestijned

aPeking Union Medical College Hospital, bCapital Institute of Pediatrics, Beijing, China;
cDepartment of Psychology, University of Leuven, dDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Because of the lack of published information and the apparent prevalence of medically
unexplained dyspnea in Chinese children, 34 cases with age of 10–18 years were reviewed.
The diagnosis of medically unexplained dyspnea was clinical: it was based on the presence
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of several suggestive symptoms reproduced by voluntary hyperventilation. Organic diseases
as a cause for the symptomswere excluded. Seventy-five percent from the patients started to
have symptoms at the age of 13–16 years, though the age of first episode could be as early as 8
years. In most of the cases, the course was chronic clinically. In addition to marked dyspnea,
their clinical profile included symptoms of hyperventilation, i.e., blurred vision, dizziness,
tingling, stiff fingers or arms. The symptoms of anxiety were less frequent in children and
accordingly the level of anxiety evaluated by means of the STAI was lower in children
than in adults. The precipitating psychological factors appeared to be related to middle
school competition. Pressure from exams, reprimand from stern and unsympathetic teachers
coupled with high parental expectation could be emotionally damaging to psychologically
susceptible children. Thirteen children followed breathing retraining for 2–3 months with
emphasis on abdominal breathing and slowing down of expiration. After therapy, the sum
score of the Nijmegen Questionnaire was markedly decreased. Dyspnea and symptoms of
hyperventilation were improved. The level of anxiety was minimally modified. The cases
illustrate the need for careful diagnostic evaluation and treatment because of the high rate
of chronicity of the disorder.

Ambulatory measurement of end-tidal CO2 using a Palm hand held computer

Jan Houtveen, Lorenz van Doornen

Department of Health Psychology, Faculty of Social Sciences, University Utrecht, The
Netherlands

Palm hand held computers are used nowadays for Experience Sampling diary studies, for
example to investigate psychological determinants of pain and other physical complaints.
Ambulatorymonitoring of PCO2 and respiration is also an establishedmethod to investigate
panic disorder and asthma patients, and, it is in use for treatment purposes (i.e. by providing
physiological feedback). A logical next step is to use the Palm both as diary and for PCO2 as-
sessment. For this purpose, an adapter and software have been developed to connect a Palm
with theNihonKohdenmainstreamend-tidal CO2 quantitative sensor kit (i.e., a small device
normally connected to a bed-site patient monitoring system). This combination resulted in a
small and reliable ambulatory device that is totally under control of the Palm.A pilot study is
in progress nowusing aPalm to recordmood, typeof activity, physical complaints andPCO2.
After completing the questionnaire, subjects are instructed by the Palm to breathe through
a small mouthpiece containing a CO2 sensor. Further questions or instructions may follow
after CO2 sampling depending on the CO2 values obtained. All combinations of diary ques-
tionnaires, ambulatory CO2 monitoring andCO2 feedback can easily be configured bymod-
ifications of the program running on the Palm. This tool opens perspectives to investigate the
role of individual differences in PCO2 parameters (variation, level) in physical complaints.

Evaluation of the extension of the cerebral blood flow and its main parameters

Alexander Gersten

Unit of Biomedical Engineering, Department of Physics, Zlotowski Center for Neuro-
science, Ben-Gurion University of the Negev, Israel
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Among the major factors controlling the cerebral blood flow (CBF)–cerebral perfusion
pressure (CPP), arterial partial pressure of oxygen (PaO2), cerebral metabolism, arterial
partial pressure of carbon dioxide (PaCO2), and cardiac output (CO), the effect of PaCO2 is
peculiar in being independent of autoregulatory CBF mechanisms and it allows to explore
the full range of the CBF. We have developed a simple physical model, and have derived
a simple four parameter formula, relating the CBF to PaCO2. The parameters are: Bmax,
the maximal CBF, Bmin the minimal CBF, p0 the value of PaCO2 at the average CBF
and the parameter A, the slope at this point. The parameters can be extracted in an easy
way, directly from the experimental data. With this model five experimental data sets of
human, rats, baboons and dogs were well fitted. The same type of parametrization was also
used successfully for fitting experimental data of PaCO2 of dogs. We have also looked on
the dependence of the PaCO2 parameters on other factors and were able to evaluate their
dependence on the mean arterial blood pressure.

Respiratory sinus arrhythmia is associated with pulmonary gas exchange efficiency
in asthma

Nicholas D. Giardino

Department of Psychology, University of Cincinnati, USA

Respiratory sinus arrhythmia (RSA) may increase pulmonary gas exchange effi-
ciency by matching perfusion to ventilation within the respiratory cycle. We tested the
hypothesis that RSA and the phase difference between respiration and RSA are associ-
ated with pulmonary gas exchange efficiency in subjects with asthma. RSA and phase
differences between respiration and RSA were altered by paced breathing at four dif-
ferent frequencies in 12 subjects with asthma. Respiratory flow, oxygen consumption,
exhaled carbon dioxide, heart rate, RSA, and the phase between RSA and respiration
were measured. Ventilatory equivalents for CO2 and O2 were used to assess pulmonary
gas exchange efficiency. Higher RSA and smaller phase differences between respiration
and RSA were significantly associated with lower ventilatory equivalents, indicating
improved gas exchange efficiency, after controlling for other respiratory variables. RSA
was lower in subjects with severe and moderate persistent asthma than mild intermit-
tent asthma during paced breathing. Lower RSA in patients with more severe asthma
may reflect reduced cardiopulmonary coordination and may contribute to impaired
respiration.

Effects of salmeterol, formoterol and placebo on pulmonary function and symptoms
in asthmatics

Valentine Lemaigrea, Geert Verledena, Omer Van den Berghb, An Smetsb, StevenDe Peuterb

aDepartment of Respiratory Diseases, University Hospital Gasthuisberg, bDepartment of
Psychology, University of Leuven, Belgium

Background: Asthmatics’ perception of bronchodilation is partly related to the perception
of the efficacy of bronchodilators in relieving complaints. Salmeterol and formoterol have
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been proven efficient long-acting inhaled �2-agonists as measured by pulmonary function
measures. We compared the bronchodilating effects of salmeterol, formoterol and placebo
on pulmonary function and symptom measures, to explore the clinical relevance of these
findings.
Method: In this randomised controlled, double blind study, 30 asthmaticswere challenged

with histamine until FEV1 fell with = 20%. Participants received either salmeterol, for-
moterol or placebo after the provocation. Pulmonary function (FEV1, FVC and resistance)
and symptoms (asthma symptom checklist, Borg-score for dyspnea) were assessed 5 and
20min after the study drug intake.
Results: Repeated measures analyses indicated significantly higher FEV1 values in the

salmeterol and formoterol group than in the placebo group, 20min after the administration
of the study drug (F(2, 25) = 5.57, P < .01). Significantly better results were found
for FVC and resistance in the salmeterol and formoterol group than in the placebo group,
5 and 20min after the administration of the study drug (F(2, 25) = 12.56, P < .0001;
F(2, 23) = 12.11, P < .0001, respectively). No influences of the study drugs were found
on any of the symptom measures.
Conclusion: In asthmatics with a mild bronchusobstruction, pulmonary function recov-

ered better 5 and20min after the intake of salmeterol or formoterol than after placebo-intake.
Symptom responses, however, recovered to the same level in the salmeterol, formoterol and
placebo group.

There is life after five: preventing RSI at the computer through healthy computing
practices and breathing

Erik Peper, Katherine H. Gibney

San Francisco State University, USA

Increased respiration rate and neck and shoulder tension occur while working at the com-
puter. These factors may significantly contribute to the etiology of repetitive strain injury.
This study explored whether an integrated program can prevent and reduce discomfort at the
computer. Volunteer non-symptomatic employees (16 group participants and 12 controls),
average age 40.2 years, were trained for six 2 h weekly group sessions in the concepts
of Healthy Computing. The control group received no training. The integrated program
included a general overview of healthy computing concepts, demonstration of physiolog-
ical responses during data entry, self-practice with electromyographic feedback, somatic
awareness, stress management, ergonomic education, breathing awareness, and utilizing
slow diaphragmatic breathing during data entry. Subjects also incorporated micro-, meso-
and macro-breaks while working at the computer.
After 6 weeks, there was a significant overall reduction (P < .01 two tailed t-test) of

symptoms as compared to the beginning of the program and to the control group. There was
also a significant overall increase (P < .01 two tailed t-test) in positive work style habits
for each of the categories. Specifically, there was a significant increase in implementing
diaphragmatic breathing in the experimental group as compared to the control group.
Most subjects reported that breathingwas a helpful strategy tomanage stress and improve

health. As one subject said, “The breathing break has improved my ability to pace myself
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while completingmy tasks.”This study suggests that non-symptomatic subjects can enhance
their health when they participate in a 6 week group training program. We recommend
that anyone who works at a computer should learn not only how to use the software and
hardware, but more importantly learn healthy breathing and computing patterns. In learning
these skills, health at the computer workstation can be enhanced. As another participant
said, “There is life after five.”

Dysfunctional breathing in asthma: a pilot study

Jane Upton, David Beales, David Brodie, Janet Richardson

Research Centre for Health Studies, Buckinghamshire Chilterns University College, UK

In the absence of a gold standard, methods for identifying dysfunctional breathing in
asthma require validation (Morgan, Thorax, Suppl. 2 (2002) II31-II35). The purpose of
this pilot study was to initiate this process by exploring the relationship between methods
currently used to detect dysfunctional breathing (DB) in asthmatic subjects. After obtaining
ethics permission and informed consent, a pilot study was conducted with 17 asthmatic sub-
jects. Methods used in the detection of DB included resting end-tidal carbon dioxide levels
(ETCO2), recovery time of ETCO2 following hyperventilation to 20 mmHg, perception of
recovery of ETCO2, breath hold time and Nijmegen Questionnaire (NQ) score. Depression
and anxiety levels, asthma control, asthma related quality of life, perception of general
health, peak flow readings, FEV1 levels, height, age and sex were also recorded.
The NQ revealed that five subjects had scores which may be indicative of DB. These

five subjects had significantly poorer quality of life scores (P < .05). ETCO2 correlated
negatively with depression (r = −.50, P < .05) and correlated positively with peak flow
readings (r = .50, P < .05). Respiratory rate correlated positively with anxiety levels
(r = .61, P < .05) and correlated negatively with end-tidal carbon dioxide levels (r =
−.54, P < .05). The NQ correlated positively with depression levels (r = .50, P < .05)
and correlated negatively with asthma related quality of life (r = −.57, P < .05). No
significant correlations were found between the breath hold time or recovery time tasks and
other variables in this small sample.
These relationships suggest that a combination of these methods may be able to detect

DB in asthma. A subsequent larger multi-centre study is being conducted on 112 subjects
to verify the results of this pilot.

Anxiety and respiratory variability

Ilse Van Diesta, Steven De Peutera, Stephan Devriesea, Gerrit Vosa, Karel P. Van de
Woestijneb, Omer Van den Bergha

aDepartment of Psychology, University of Leuven, bDepartment of Respiratory Diseases,
University Hospital Gasthuisberg, Leuven, Belgium

Thayer and Lane’s (2000) neurovisceral model of emotional (dys)regulation predicts a
reduced flexibility in bodily systems during anxiety. This study explored the relationship
of inter- and intraindividual differences in anxiety and within subject variability in breath-
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ing parameters. Using inductive plethysmography and a nose cannula, we measured tidal
volume (VT), inspiratory and expiratory time (Ti, Te), inspiratory drive (Vi/Ti) and frac-
tional end-tidal CO2 concentration (FETCO2) in 98 female students during rest and fearful
imagery. During rest, higher scores on trait negative affectivity (NA)were significantly asso-
ciated with a reduced variability in Ti. During fearful imagery of an exam script, significant
decreases in the variability of Te and drive were observed; this was not the case during fear-
ful imagery of an elevator script. A likely explanation for this may be that compared to the
exam script, more participants left steady-state ventilation due to hyperventilation in the ele-
vator script. Assuming that within subject SD’s of volume and timing breathing parameters
may be considered a valid operationalization of respiratory flexibility under steady-state
conditions, our findings confirm the prediction made from Thayer and Lane’s (2000)
model.

Conditioned lightheadedness in response to odors using voluntary hyperventilation as
an unconditioned stimulus
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Woestijneb, Omer Van den Bergha
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Lightheadedness is a prototypical symptom of hyperventilation induced hypocapnia and
is a common symptom in many functional syndromes such as Multiple Chemical Sensi-
tivity and Chronic Fatigue Syndrome. Nonetheless, episodes of lightheadedness in such
patients seem rarely to be associated with manifest signs of hyperventilation and hypocap-
nia. In this study, we aimed to study whether lightheadedness in response to chemicals
could be acquired through prior pairing of the odor with hyperventilation induced hypocap-
nia. Diluted ammonia and acetic acid served as conditional odor cues (CSs) and voluntary
hyperventilation was used to induce lightheadedness (unconditional stimulus, US). In the
acquisition phase, participants (N = 28) performed three hypocapnic and three normocap-
nic overbreathing trials of 60 s each. One odor was consistently paired with the hypocapnic
overbreathing (CS+), the other with normocapnic overbreathing (CS−). The test phase con-
sisted of four breathing trials: each odor was presented once during spontaneous breathing
and once during normocapnic overventilation. Lightheadedness was assessed online during
each breathing trial; after each breathing trial, participant completed also a more extensive
hyperventilation symptom checklist. FETCO2, breathing frequency and tidal volume were
continuously measured. During breathing trials of the test phase, participants experienced
lightheadednessmore quickly andmore strongly in response to the odor that had been paired
previously with hypocapnic overbreathing compared to the odor that had been paired with
normocapnic overbreathing. A similar effect was found for the symptom “loosing contact
with reality”. Our results show that lightheadedness can be easily conditioned. Further re-
search should investigate whether or not conditioned cerebral vasoconstriction underlies
the observed effect.
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Trait anxiety related to respiratory responsivity to repeated 7.5% CO2-inhalations in
non-clinical participants
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Van den Bergha
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Purpose: To study respiratory responsivity to 7.5% CO2-enriched air as a function of
inter- and intra-individual differences in anxiety.
Method: Two breathing trials with 7.5% CO2-enriched air and two room air breathing

trials mixed with an unpleasant odor (ammonia) were administered via a face-mask in ran-
dom order to female students scoring high (N = 29) or low (N = 24) on trait anxiety and
on hyperventilation symptoms in daily life. For half of the participants, threatening infor-
mation was given for the odor. For the other half, the threatening information was applied
to the CO2-trials. Means and slopes of inspiratory and expiratory times, tidal volume, in-
spiratory drive and FETCO2 were measured during each breathing trial; somatic symptoms
and subjective pleasantness ratings were assessed after each trial.
Results: The slope in inspiratory drive during CO2-inhalation was positively associated

with trait anxiety and increased from the first to the second CO2-trial in high, but not in
low trait anxious participants. Subjective anxiety and reported somatic symptoms did not
correspond with the observed pattern of respiratory responsivity. Slopes of volume and
inspiratory time were negatively correlated in low, but uncorrelated in high trait anxious
participants during the second CO2-trial.
Conclusion: High-anxious young women with hyperventilation symptoms display a

heightened respiratory, but not subjective anxiety response to 7.5% CO2-inhalation and
seem to sensitize to the challenge. The latter result suggests that sensitivity to CO2 is not a
cross-situational, stable trait.

A study on regional cerebral blood flow at rest and stress state in anxiety disorder
patients
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Purpose: To investigate the characteristics of rest and stress regional cerebral blood flow
(rCBF) in naı̈ve anxiety disorder patients.
Method: Twenty naı̈ve anxiety disorder patientswere enrolled in the studywith 20 healthy

volunteers as controls. The rest and stress 99Tcm-ethylene cysteinate dimer-single photon
emission computed tomography (99Tcm-ECD-SPECT) were performed separately at two
consecutive days. Raven reasoning test was used as a stressor.
Results: (1) Compared to the healthy controls, the patients’ rest rCBF of the frontal lobe,

temporal lobe, thalamus and basal ganglia were significantly lower (P < .05 and .01). (2)
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The patients’ stress rCBF of the frontal lobe, temporal lobe, part occipital lobe, part parietal
lobe, thalamus and basal ganglia were significantly lower compared to the healthy controls’
(P < .05 and .01). (3) Opposite to the healthy controls, the rCBF of patients increased
significantly after stressor simulating.
Conclusions.The hypofunction of frontal lobe, temporal lobe, thalamus and basal ganglia

may exist in naı̈ve anxiety disorder patients. The abnormal rCBF of patients after simulating
may be one of the characteristics of anxiety disorder.


