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It is known that in healthy subjects breathing through
a mouthpiece results in an increase of tidal volume (VT)
[1–3], of inspiratory (t I) [2, 3] and expiratory time (t E)
[2], and inspiratory drive (VT/t I) [2, 4]. These changes
in ventilation have been attributed to: 1) the influence
of the additional dead space; 2) stimulation of the nasal
and oral mucosa by the noseclip and mouthpiece; 3)
shift of respiratory route from unrestricted nose to mouth.

For these reasons, an alternative technique, i.e. res-
piratory inductive plethysmography (Respitrace) is wide-
ly used in the study of the breathing pattern to avoid
the influence of the mouthpiece and occlusion of the
nose.

As pointed out by GILBERT et al. [1], a fourth influ-
ence which might modify the natural resting ventilation
is that of registration itself, by focusing the subject's
attention on his breathing. The use of any recording
technique, even a noninvasive one, might modify the
spontaneous breathing pattern. In the present study, we
tried to evaluate this influence.

Materials and method

Subjects

The study was performed on two groups of healthy
volunteers: 1) 42 subjects ("younger" population), 25
females and 17 males, aged 21–26 (mean 22) yrs, who
were (except for two) medical students of K.U. Leuven,
Belgium; 2) 32 subjects ("older" population), 15 females
and 17 males, aged 35–63 (mean 47) yrs, who were re-
cruited from outside the hospital. All 74 subjects (young-
er and older population) were naive to the purpose of
the study. Anonymity was ensured.

Before the experiment, the subjects answered four ques-
tionnaires. One dealt with medical history, two screened
the level of anxiety, and one the spontaneous complaints
of the subjects. To evaluate the anxiety of the subjects,
the state and trait versions of the Zelfbeoordelingsvra-
genlijst (ZBV-DY1, ZBV-DY2) [5], which is the Dutch
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ABSTRACT: This study was designed to test whether awareness of the mea-
surement of breathing influences the breathing pattern in healthy subjects under
routine laboratory conditions.

Seventy four subjects (40 females and 34 males), aged 21–63 yrs, were stud-
ied under three different conditions whilst their breathing was being recorded
for 5 min by means of inductance plethysmography (Respitrace): 1) subjects were
misled into believing that their breathing was not being recorded but that they
had to wait for 5 min whilst equipment was calibrated; 2) subjects were instruct-
ed that their breathing pattern was being recorded for 5 min; 3) the subject's
breathing was recorded for 5 min with mouthpiece and pneumotachograph. The
first two conditions were randomized. The Respitrace was calibrated by means
of multiple linear regression carried out during the 5 min period of quiet breath-
ing through a mouthpiece.

Awareness of the recording of breathing caused prolongation of inspiratory (t I)
and expiratory time (t E). Breathing through the mouthpiece resulted in an increase
of t I, t E and tidal volume (VT). The breathing irregularities (sighs and end-expi-
ratory pauses) decreased when subjects were aware of the recording of breath-
ing and nearly disappeared when subjects breathed through the mouthpiece. The
end-tidal carbon dioxide concentration was not significantly different between
the three conditions. Mouthpiece breathing often induced some respiratory dis-
comfort and even anxiety, particularly in females.

Awareness by the subject that his or her breathing was being recorded alt-
ered the spontaneous breathing pattern, mainly the breathing frequency. In
addition, use of a mouthpiece markedly increased tidal volume, particularly
in females in whom mouthpiece breathing induced more complaints than in
males.
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adapted version of the State-Trait Anxiety Inventory
(STAI) of SPIELBERGER et al. [6] were used. The spon-
taneous complaints were investigated by means of the
Nijmegen Questionnaire [7]. The latter was developed
as a tool to detect psychosomatic complaints. A total
score of more than 23 on this questionnaire is consid-
ered to be indicative of the hyperventilation syndrome
[7].

Apparatus

Breathing was recorded either with a heated pneu-
motachograph (Fleisch No. 2, Switzerland), lung vol-
ume being derived from electrical integration of the flow
signal, or with a respiratory inductive plethysmograph
(Respitrace). An infra-red CO2 monitor was connected to
the mouthpiece or to the entrance of a nostril, monitor-
ing the CO2 concentration continuously during breathing.
The dead space of the pneumotachograph and mouth-
piece was about 40 mL.

Calibration of Respitrace

The Respitrace was calibrated by means of a multi-
ple linear regression (MLR) technique [8], in the sitting
position in which quiet breathing was recorded. The cal-
ibration procedure was performed during the same 5
min period of quiet breathing, during which the respi-
ration was measured simultaneously by means of pneu-
motachograph and Respitrace. The breathing cycles were
sampled at a rate of 20 cycles·s-1. All cycles (both in-
spiratory and expiratory parts) were used for calibra-
tion, except for those disturbed by movement artefacts
at the beginning of the recording. The output of the in-
struments was fed into a personal computer and stored
on floppy disks, together with a time code and an iden-
tification code for subsequent analysis.

The accuracy of the MLR method for estimation of
tidal volume (VT) was checked by comparing the VT
obtained simultaneously from the pneumotachograph [9,
10]. The data were accepted when the agreement was
better than 80% for the average VT. Only ventilation
reconstructed from Respitrace was used for further data
analysis.

Protocol

The questionnaires took about 20 min to complete.
The subjects were then seated on a comfortable chair
in a quiet room. Care was taken that the subjects did
not see the equipment. The coils of the Respitrace were
stuck to the skin, one around the rib cage under the axilla
and the other on the abdomen above the pelvis. The mea-
surements were started as soon as the subject was con-
nected to the equipment. Breathing was recorded under
three conditions: 1) subjects were deliberately misled
into believing that their breathing was not recorded but
that they had to wait for 5 min for calibration of the app-
aratus (Condition A); 2) subjects were instructed that their
breathing pattern was recorded for 5 min with Respitrace
(Condition B); and 3) the subject's breathing was record-
ed for 5 min simultaneously with pneumotachograph

(mouthpiece and noseclip) and Respitrace (Condition
C). The first two conditions were randomized. The third
condition was also used for the calibration of Respitrace.
Before each condition, the subject was notified once
"OK, I am going to record your breathing now" (Condition
B) or "Please wait for 5 min without moving! The breath-
ing is not recorded but I have to calibrate the appara-
tus" (Condition A) or "Please go on the mouthpiece! I
am going to record your breathing now" (Condition C).

Immediately after these recordings, the subjects were
asked to fill in a 29 item complaint checklist, which
assessed whether they experienced specific complaints
during each experimental situation. The 29 items were
sharp pain in the chest; a tense feeling; a feeling of look-
ing through a mist; dizziness; a loss of contact with the
surroundings; shortness of breath; a feeling of pressure
or tightness in or around the chest; blown-up feeling in
the belly; tingling in the fingers; not being able to breathe
in fully; stiff fingers or arms; a stiff mouth; cold hands
or feet; palpitations; feeling anxious; fast heart beat; an
uneasy, panicky feeling; tingling in feet or legs; nausea
or a tendency to throw up; feeling warm; shaking of the
hands; a feeling of warmth about the head; a tightness
or lump in the throat; tingling in the arms; blackness
before the eyes; feeling faint; headache; tingling around
the face; and a dry mouth or throat. The answers to the
items of the checklist were scored as follows: 0=not;
1=a little; 2=clear-cut; 3=marked; 4=very marked.

Data analysis

Three periods of recording of breathing were analysed
in the same manner. The reconstructed ventilation and
end-tidal CO2 fraction (FET,CO2) were first plotted as a
function of time to search for gross artefacts (coughs,
interruptions). The latter were deleted from the data file.
The reconstructed signals were then treated breath-by-
breath using specially written software. After combina-
tion with FET,CO2, the following primary parameters were
obtained for each breath: inspiratory time (t I), inspira-
tory tidal volume (VT,I), expiratory time (t E), expiratory
tidal  volume (VT,E), and FET,CO2. Since the mean value
of VT,I was not different from that of VT,E, VT,E was
deleted from the analysis. In the present paper, VT is used
henceforth as a symbol for VT,I.

For each period in each subject, the mean value, change
of respiratory parameter as a function of time (also
named slope) and residual standard deviation of the
regression as a function of time (square root of mean
square error (MSE1/2) for each primary parameter (t I, tE,
VT, FET,CO2) and for mean inspiratory flow rate (VT/t I)
were calculated. Slope and residual standard deviation
were determined to estimate the unsteadiness of the
breathing pattern and the within-subject variability of
the different parameters between successive breaths. The
slope variables were calculated by a linear regression
over time. For the estimation of MSE1/2, a second degree
polynomial regression was applied. If the latter was not
significant at a probability level of 0.20, a linear regres-
sion was used.

Breathing irregularities were not included for these
calculations and were treated separately. Among the irreg-
ularities, two (sighs and end-expiratory pauses) occurred
fairly often and were investigated. A sigh was initially
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defined as a deep breath, the volume of which exceed-
ed three times the standard deviation of VT. When the
breathing pattern was regular, this criterion tended to
overestimate the number of sighs. Therefore, an addi-
tional criterion was also used to detect sighs: the vol-
ume should be larger than two times the average VT.
The criteria for an end-expiratory pause were that the
end-expiratory flow was less than 50 mL·s-1 with a dura-
tion of at least 0.5 s. The absolute number of sighs and
pauses was counted separately in the three experimen-
tal conditions.

Statistical treatment

Two-way analysis of variance (Statistical Analysis
System (SAS) general linear models (GLM) procedure)
providing within-subject comparisons and Duncan group-
ing was used to identify significant effects of the inter-
ventions on breathing variables (mean, slope and MSE1/2).
Analysis of variance (ANOVA) for repeated measure-
ments (GLM procedure with repeated statement) was per-
formed on mean values of t I, t E, VT, and FET,CO2 to
evaluate the influence of sex and age. The same type
of analysis was used to identify significant effects of
the interventions on complaints. The Chi-squared test
was employed to compare the difference in frequency
of complaints between males and females in the same
intervention. The binomial distribution test was used

instead of the Chi-squared test when the number of
observations in the contingency tables was less than
five.

Results

Biological characteristics, levels of anxiety and scores
of psychosomatic complaints (Nijmegen Questionnaire)
are shown in table 1. For both state and trait anxiety
the scores were those expected in a healthy population
(mean of deciles: 4.5 and 4.7 for state and trait anxi-
ety, respectively; the expected value being 5). A score
of more than 23 on the Nijmegen Questionnaire was
reached in only three subjects (2 females). The latter
did not present any further evidence for the hyperven-
tilation syndrome or for an anxiety disorder. On the
basis of these results, the investigated population seemed
to score normally in terms of anxiety level and pres-
ence of somatic and psychological complaints.

The ANOVA showed that, in addition to the changes
of the respiratory variables and complaints resulting from
the interventions, sex and age also influenced the data.
Sex and sex × interventions had no statistically signi-
ficant influence on t I, t E and VT, but had on FET,CO2.
Sex appeared primarily as a main effect on the mean
value of FET,CO2., the latter being significantly less in
females (5.03 vs 5.43%; p<0.0001). The interaction of
age × interventions was significant for t I. Accordingly,
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Table 1.  –  Biological characteristics and level of anxiety (STAI) and number of complaints

Group n Sex Age* Height# STAI STAI Nijmegen
M/F yrs cm state# trait# Questionnaire#

All 74 34/40 33 (21–63) 172±10 33.9±10.4 35.8±10.5 9.9±6.2
Young 42 17/25 22 (21–26) 173±10 31.9±8.7 33.4±8.8 9.6±5.9
Old 32 17/15 47 (35–63) 170±8 36.7±11.8 39.1±11.7 10.3±6.7

*: values are presented as mean, and range in parenthesis; #: values are presented as mean±SD. M: male; F: female; STAI: State-
Trait Anxiety Inventory.

Table 2.  –  Breathing parameters with and without awareness of breathing and with mouthpiece

Breathing Condition A Condition B Condition C Probability Duncan
parameters Not aware Aware Mouthpiece test

Mean±SD values
t I s 1.9±0.6 2.1±0.8 2.2±1.2 *** A-B, A-C, B-C
t E s 2.6±0.8 2.8±1.0 2.9±1.4 ** A-B, A-C
VT mL 541.2±238.0 575.1±260.2 696.1±373.4 *** A-C, B-C
VT/t I mL·s-1 287.7±84.5 275.5±83.1 316.8±72.6 *** A-C, B-C
FET,CO2 % 5.21±0.57 5.24±0.59 5.19±0.71 -
∆mean/∆t values
t I 0.0004 0.0002 0.0001 -
t E 0.0005 -0.0002 -0.0007
VT mL·s-1 0.014 -0.073 -0.320 ** A-C, B-C
VT/t I mL·s-2 -0.098 -0.065 -0.119 -
FET,CO2 %·s-1 -0.0001 -0.0003 0.0001 -
MSE1/2±SD values
t I s 0.4±0.2 0.4±0.3 0.4±0.2 -
t E s 0.5±0.3 0.5±0.2 0.4±0.3 * A-C
VT mL 116.8±83.6 111.3±76.1 114.1±63.8 -
VT/t I mL·s-1 64.7±33.0 56.7±25.7 60.3±19.3 -
FET,CO2 % 0.16±0.05 0.14±0.04 0.16±0.04 ** A-B, B-C

∆mean/∆t: change of respiratory parameters as a function of time (also named slope); MSE1/2: residual standard deviation of the
regression as a function of time (square root of mean square error); t I: inspiratory time; t E: expiratory time; VT: tidal volume;
VT/t I: mean inspiratory flow rate; FET,CO2: end-tidal CO2 fraction; A: unaware of recording; B: aware of recording; C: breath-
ing through mouthpiece. *: p<0.05; **: p<0.01; ***: p<0.001. Duncan test: A-B, A-C and B-C indicate significant differences
between Conditions A, B and C. 



Condition A (not aware with Respitrace) was compared
to Condition B (aware with Respitrace), and Condition
A to C (mouthpiece), separately in young and old peo-
ple. When these two age groups were considered sepa-
rately, the interactions with age for t I disappeared.
Concerning the complaints, the interaction of sex × inter-
ventions was significant for respiratory complaints. We
therefore separated males and females.

Influence of mouthpiece

Whilst breathing via a mouthpiece (table 2), VT/t I
increased, compared with breathing with Respitrace both
for Conditions A and B. This increase resulted mainly
from a rise of VT, most pronounced at the start of the
registration (fig. 1). With a mouthpiece, t I was prolonged,
compared with Conditions A and B; and tE was increas-
ed, compared to Condition A. Breathing frequency (the
inverse of the sum of t I and t E) was decreased comp-
ared to Condition A (13.1±4.0 vs 14.2±3.3 breaths·min-1;
p=0.0001).  Minute ventilation (VT times frequency) was
markedly increased, compared to Conditions A and B
(8.08±2.12 vs 7.03±2.04 and 6.88±2.17 L·min-1, respec-

tively; p=0.0001). FET,CO2 remained the same as breath-
ing with Respitrace. Sighs and end-expiratory pauses
were less frequent, compared with Condition A (table 3).

Influence of self-awareness on breathing

Self-awareness of the registration of breathing caused
prolongation of both t I and t E, VT being similar both in
Conditions A and B. As a consequence, breathing fre-
quency decreased (13.2±3.4 in B vs 14.2±3.3 in A; p=
0.0001). Minute ventilation was not significantly mod-
ified. The within-subject variability of FET,CO2 (MSE1/2

of FET,CO2) decreased in Condition B (table 2). Sighs and
end-expiratory pauses tended to be less frequent (table 3).

The evolution with time of t I, t E, VT, VT/t I, and
FET,CO2, expressed as a linear slope did not differ sig-
nificantly from zero in the three experimental condi-
tions, except for VT during condition C.

To evaluate the order effect on breathing pattern, sub-
jects in which breathing was recorded in Condition B
preceding A were separated from those in which breath-
ing was recorded in Condition A preceding B. In both
order groups, similar results were obtained.
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Fig. 1.  –  Time course of inspiratory and expiratory time, tidal volume and end-tidal CO2 fraction in 74 healthy subjects during 5 min breath-
ing via mouthpiece (■; Condition C), 5 min with Respitrace aware of the recording of breathing (▲; Condition B), and 5 min with Respitrace,
not aware of the recording of breathing (●; Condition A). Each point corresponds to the mean of a 20 s period. The lines are fitted by means of
a third degree polynomial regression.



Influence of age and sex

The difference in t I between Con-
ditions A and B, and between Con-
ditions A and C, was larger (p<0.01)
in the young than in the old popu-
lation both for males and females.
VT tended to increase more in females
than in males during mouthpiece
breathing (p=0.14). Expressed as a
relative change, VT increased on
average by 21% in males, and by
36% in females from Conditions A
to C.

Complaints

Whilst breathing through a mouth-
piece, 15 out of 40 females and 10
out of 34 males had clear-cut com-
plaints (a score of 2 or more) for
at least one item from the 29 item
complaint checklist. This was significantly more (p<
0.001) than under Conditions A and B (4 females in A
and B, 2 males in A and 1 in B). The complaints specif-
ically linked to mouthpiece breathing were respiratory
complaints (not being able to breathe in fully and short-
ness of breath) (in 42%; 7% with score ≥2), anxiety (feel-
ing anxious, and an uneasy panicky feeling) (in 14%; none
with score ≥2), and a dry mouth (dry mouth or throat)
(in 51%; 28% with score ≥2). Although a dry mouth was
equally frequent among the two sexes, respiratory com-
plaints (score ≥2) and a little anxiety (score 1) were
reported more frequently (p<0.01) by females. There
was no clear-cut difference in the frequency of com-
plaints between Conditions A and B.

Discussion

Conventional recording methods (requiring a mouth-
piece and noseclip) used for ventilatory measurement in
human subjects are known to alter the ventilation [1–4].
The present study confirmed the previous findings that
breathing through the mouthpiece and occluding the nose
changed the breathing pattern. Tidal volume (VT) rose
and respiratory frequency fell (prolongation of both ins-
piratory (t I) and expiratory time (t E)). In addition, the
number of breathing irregularities (sighs and pauses) de-
creased markedly. One possible explanation for these
changes is that the process of registration itself draws
the subject's attention to his or her own breathing, because
of the change of respiratory route or discomfort around

mouth and nose. This discomfort should not be under-
estimated. In addition to the expected complaint of dry
mouth, other complaints were frequently reported by
most subjects, but mainly by females. More than 60%
of females felt more short of breath and 20% felt uneasy
or slightly anxious when breathing through the mouth-
piece. The fact that these complaints were more fre-
quent in females may be related to the tendency to a
more pronounced increase in VT in females during mouth-
piece breathing.

The awareness that breathing is recorded may also
influence the breathing pattern. This was studied pre-
viously by WESTERN and PATRICK [11] in healthy male
subjects. Breathing was recorded by means of a Respit-
race but the subjects were told that the recording related
to electrocardiographic (ECG) monitoring. The subject,
wearing headphones, was asked to listen to a tape-rec-
orded story during 5 min (distraction period). He was then
requested to count his breaths in groups of three, also dur-
ing 5 min (focusing). This was followed by a second
distraction period. Focusing attention on breathing res-
ulted in a increase of t I and of t E on average by 0.4 s,
and an increase of VT, on average by 75 mL (fig. 2).
VT/t I was not influenced. Similar results were obtained
when an open mask (cut away so that the dead space was
not increased) was fitted to the face. The authors stressed
the fact that the distraction procedure itself may aff-
ect breathing: for instance, when SHEA et al. [12] asked
their subjects to listen to a story or to read a standard text,
t I, tE, and VT (recorded with Respitrace) decreased slight-
ly, as compared to a condition of relaxed awareness
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Table 3.  –  Numbers of irregularities in the three conditions studied: not aware, aware and mouthpiece

Irregularities Group Condition A Condition B Condition C Probability Duncan
Not aware Aware Mouthpiece test

Sighs Females 0.65 0.41 0.27 * A-C
Males 0.42 0.13 0.13 ** A-B, A-C

End-expiratory Females 2.45 1.73 0.75 * A-C
pauses Males 1.59 0.97 0.21 -

Numbers of irregularities are means over a 5 min period. *: p<0.05; **: p<0.01. For further definitions see legend to table 2.
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without auditory or visual inputs. The changes observed
were approximately half, but in the same direction, as
those between focusing and distraction in the experiments
by WESTERN and PATRICK [11]. Similarly, MADOR and
TOBIN [13] reported that audiovisual stimulation achieved
by watching television resulted in an increase of breath-
ing frequency and a slight but insignificant decrease of
VT (also recorded with Respitrace) in comparison to a
baseline period of resting wakefulness, the subjects lying
supine with eyes closed and wearing soundproof ear-
phones.

In the present study, although the subjects rested before
the experiments, a steady state of quiet breathing was
not intended: the recording started as soon as the subj-
ect was connected to the equipment and interruptions be-
tween the sequence of the three conditions were avoided.
The lack of a steady state of quiet breathing is clearly
shown by the higher value of VT (fig. 1) and a progres-
sive decline of VT during mouthpiece breathing. Even
under the conditions of the present experiments, which
approximated those met routinely in a lung function lab-
oratory when breathing is recorded, awareness of the
recording of breathing clearly influenced breathing fre-
quency. Qualitatively, the results of the present study
are similar to those of the study by WESTERN and PATRICK

[11]. The changes in VT were smaller, however, and did
not reach statistical significance. It is probable that the
procedure of counting the breaths in the study by WESTERN

and PATRICK [11] focused the attention of the subject on
breathing more than when no specific task was given. If
so, the effect of "simple" awareness of the recording of
breathing (without a task) might be mainly on breathing
frequency, with only minimal changes of VT. The changes
observed in the present study appear to be influenced
by age because they were more pronounced in younger
people. They did not significantly modify the end-tidal
CO2 level.

In conclusion, under the experimental conditions of
this study, comparisons of the changes in the breathing
pattern induced by awareness of the recording of brea-
thing and by the mouthpiece suggest that slowing of
breathing and increase in tidal volume observed during
mouthpiece breathing are due to two different mecha-
nisms. The influence on frequency may result from the
awareness of the recording of breathing, the increase in
tidal volume, accompanied by a further increase in inspi-
ratory time, being primarily an effect of the mouthpiece
breathing itself.

Marked irregularities in respiratory depth and rate with
frequent sighing have been described in chronic anxiety
state [14], or in hyperventilation syndrome [15]. These
irregularities often decrease when breathing on a mouth-
piece with the nose occluded by a clip [16]. A system-
atic study of the breathing pattern of patients with anxiety

disorders is not available, however. We suggest that the
present data, because they were obtained from healthy
subjects who were not abnormally anxious and did not
suffer from the hyperventilation syndrome, might pro-
vide appropriate control data for such a study.
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