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Objective: Although hyperventilation has been hypothesized to play a role in many pathologies, its critical triggers remain poorly
understood. The present experiment aimed to test whether stronger hyperventilation responses occur in response to suggested risk
of suffocation compared with other fearful situations in high- and low-trait anxious women. Methods: Fractional end-tidal
CO2-concentration (FetCO2), respiratory frequency, and inspiratory volume were measured nonintrusively in high- (n � 24) and
low- (n � 24) trait anxious women during imagery of 3 fear, 1 tension, 1 depressive, and 3 relaxation scripts. The fear scripts were
equal in ratings of unpleasantness and arousal but differed regarding the inclusion of suggested risk of suffocation and entrapment.
After each imagery trial, participants rated the emotional dimensions of pleasantness, arousal, and dominance and the vividness of
their imagery. Results: Decreases in FetCO2 occurred in all fear scripts. High-trait anxious women showed a stronger reduction
in FetCO2 compared with low-trait anxious women during the fear script suggesting risk of suffocation but not during the other fear
scripts. This effect was unrelated to any of the self-reported fear ratings. Self-reported fear of entrapment was associated with an
overall lower FetCO2 but not with enhanced reactivity to imagined entrapment. Conclusion: High-trait anxiety is associated with
stronger respiratory responsivity to imagined risk of suffocation and may constitute a specific vulnerability factor for the
development of panic disorder and claustrophobia. Key words: hyperventilation, trait anxiety, suffocation, fear, entrapment.

FetCO2 � fractional concentration of end-tidal carbon dioxide; fr �
respiratory frequency; Vi � inspiratory volume; CPS � checklist for
psychosomatic symptoms; STAI-T � trait version of the state-trait
anxiety inventory; FS � fear of suffocation; FR � fear of restriction.

INTRODUCTION

Hyperventilation is a breathing pattern that exceeds meta-
bolic requirements (1): more CO2 is being expired than

produced by the body, leading to a decreased CO2-pressure in
the blood, and to a lower fractional end-tidal CO2 concentra-
tion (FetCO2). Although hyperventilation has been hypothe-
sized to play a role in many pathologies (panic disorder,
chronic fatigue syndrome, multiple chemical sensitivity,
chronic pain, somatization; 2–7) and can be considered an
important cause for stress-related bodily complaints in general
(3), its critical triggers remain poorly understood. Previous
research from our group has shown that decreases in FetCO2

can be triggered during imagery of both pleasant and unpleas-
ant high-arousal emotional situations, but not when imagining
low arousal scenes (8,9). This is in line with a psychophysi-
ological perspective that respiratory reactivity reflects the
general action tendency underlying an emotion, independently
from specific emotional contents (10–12). In other words, an
increase in ventilation during emotional states may be part of
the increased arousal associated with emotions preparing the
organism for action, irrespective of the direction of that action
tendency (approach versus avoidance/escape).

However, given the obvious survival value of a satisfactory
air supply, it would be adaptive for an organism to be espe-
cially reactive to (internal/external) cues signaling potential
suffocation. Several observations are consistent with the ex-
istence of a primitive alarm system responding with intense

fear and hyperventilation to suffocation cues (13–26). If hy-
perventilation is part of an unconditioned fear response to
suffocation, situations referring to risk of suffocation should
trigger hyperventilation more easily than other fearful situa-
tions. As far as we know, this simple prediction has never
been tested directly. Therefore, the present study aimed to
compare responses in respiration and FetCO2 during imagery
of fearful scripts with and without suffocation cues.

Whereas we previously showed (27) that there was no
overall association between trait anxiety and end-tidal CO2

after careful control of confounding variables, we did find
indications of stronger respiratory reactivity to mental load
challenges in high-trait anxious persons. Interestingly, trait
anxiety has also been found to be an important vulnerability
factor for panic disorder (28). In addition, because there is
some evidence that inter-individual differences in reactivity to
suffocation stimuli are related to stress-induced modifications in
brain functioning (16,17), it would be interesting to see if partic-
ularly high-trait anxious participants show elevated reactivity
when confronted with suffocation cues. Therefore, the present
study also focused on the vulnerability for hyperventilatory re-
sponses of high-anxious compared with low-anxious participants.

FetCO2 and respiration were measured in 48 women during
imagery of 8 different scripts. Three fear scripts were critical
to address our principal research question: 1 suffocation and 2
control fear scripts. We hypothesized that stronger decreases
in FetCO2 would occur for the fear script containing suffoca-
tion cues compared with the other fear scripts and that these
effects would be more pronounced in high- as opposed to
low-trait anxious participants.

In order to investigate whether, similarly to previous find-
ings (8,9), decreases in FetCO2 would occur during imagery of
high- but not low-arousal scripts, 4 low-arousal scripts were
included as well: 1 depressive and 3 relaxation scripts. A
tense-anxiety script was additionally used to explore respira-
tory behavior under a more attentive defensive set associated
with lower action tendencies (29).

METHODS
Methods were similar to previous studies from our group (8,9). Therefore,

a shortened description will be presented in this paper.

From the Department of Psychology, University of Leuven, Leuven, Bel-
gium (I.V.D., S.D.P., S.D., E.W., O.V.d.B.); Faculty of Medicine, University
of Leuven, Leuven, Belgium (P.V.d.W.).

Address correspondence and reprint requests to Ilse Van Diest, PhD,
University of Florida, CSEA, 2800 SW. Archer Rd., Surge Bldg. 772, Gaines-
ville, FL 32608. E-mail: Ilse.Vandiest@psy.kuleuven.ac.be

Ilse Van Diest is a postdoctoral researcher of the Fund of Scientific
Research, Flanders, Belgium.

Received for publication October 13, 2004; revision received April 19, 2005.
DOI: 10.1097/01.psy.0000181275.78903.64

813Psychosomatic Medicine 67:813–819 (2005)
0033-3174/05/6705-0813
Copyright © 2005 by the American Psychosomatic Society



Participants
Forty-eight women, all undergraduate students (17–19 years old), partic-

ipated in return for course credit. They were selected from a larger pool on the
basis of their scores on trait anxiety (see Procedure). The low-trait anxious
group (24 women) consisted of students whose (raw) scores were in the lower
quartile of the trait version of the state-trait anxiety inventory (STAI-T)
(�26), whereas the high-trait anxious participants (24 women) scored in the
upper quartile of the STAI-T (�44). Because too few men were available to
participate, and because men and women differ in lung-volume parameters
(30,31), resulting in more error variance without permitting a balanced test for
the effect of gender, men were not tested.

Materials
Scripts
Eight scripts were presented to the participants. Three fear scripts (suffo-

cation, entrapment-only, examination) were unpleasant and had strong action
tendencies. A typical claustrophobic emotional imagery script was selected to
investigate whether the risk of suffocation implied by a closed-in place with
a limited supply of fresh air would trigger stronger respiratory responses than
other control fear scripts. However, besides risk of suffocation, claustrophobic
situations also typically contain elements of entrapment. Together with fear of
suffocation (FS), fear of entrapment is considered an independent specific fear
underlying claustrophobia (18,32,33). Therefore, a second fear script included
elements of entrapment, without the risk of suffocation associated with the
“closed-in feeling” of a claustrophobic situation. The third fear script de-
scribed fear of an examination and did not contain elements referring to risk
of suffocation or of entrapment.

The “tension” script described someone participating in a television quiz
show and aimed to trigger a tense effect with a weaker action tendency than
the fear scripts. The depressive script was unpleasant and low in arousal,
whereas the 3 relaxation scripts were neutral-positive and low in arousal. All
scripts, with the exception of the entrapment-only and the tension scripts,
have been used in a previous study (8). Because the inclusion of response
information enhances the quality of the imagery (9,34), all scripts contained
suggestions of autonomic responses. In order not to interfere with spontane-
ous breathing patterns, suggestions referring directly to breathing responses
that could be voluntarily controlled (eg, faster breathing) were avoided (see
appendix).

Apparatus and Physiological Recordings
Participants were seated in a comfortable chair. Imagery scripts were

presented via headphones plugged into the sound card of a PC.
FetCO2 was measured using a nasal CO2-sampling cannula connected to

a nondispersive infrared CO2-monitor with a resolution of 1 mm Hg and an
accuracy of �2 mm Hg (Capnograph, Poet RC, Criticare). Ventilation was
measured using a respiratory inductive plethysmograph (Respitrace Corpora-
tion Model 150, NY). 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 calibration procedure consisted of a 5-minute period of breathing
during which respiration was measured simultaneously by means of a pneu-
motachograph (Fleisch No 2, Switzerland) and the Respitrace. Multiple linear
regression was performed over the calibration period, yielding the regression
coefficients to be used for reconstruction of the volume out of the Respitrace
signals (35). The multiple linear regression approach produces accurate vol-
ume data when R2 � 85% (31,36). A Labmaster Card and a PC processed the
Respitrace signals and the FetCO2 signals with a sampling rate of 20 Hz. The
FetCO2 signal and the reconstructed volume were plotted as a function of time
and visually inspected for technical abnormalities and movement artifacts.

Self-developed software extracted breathing pauses and irregularities and
determined the following parameters for each breath: inspiratory (Ti) and
expiratory time (Te) in seconds, inspiratory (Vi) and expiratory volume (Ve)
in milliliters, and FetCO2 in percent. Respiratory frequency (fr) was calculated
from the mean values of Ti, Te, and breathing pauses: fr � 60/(Ti � Te �
pauses).

Self-Report Measures
In a collective group session preceding the experiment, 439 undergradu-

ates (351 women) had completed the STAI-T (zelfbeoordelingsvragenlijst;
37,38) and the Checklist for Psychosomatic Symptoms (CPS; 39). The CPS
was used for exploratory reasons; it consists of 35 hyperventilation-related
symptoms belonging to one of the following subsets: paresthesia, cerebral,
cardiac, gastrointestinal, respiratory, anxiety, or unclassified symptoms. Four
sensations that are rarely associated with hyperventilation, called “dummy
symptoms,” were added to this list: nasal congestion, joint pain, lower back
pain, and aching eyes. Participants had to rate the extent to which they had
experienced each symptom during the past year (never, rarely, regularly,
often, very often).

During the experiment, participants rated the images evoked by the scripts
on the basic affective dimensions of pleasantness (or valence), arousal, and
dominance (40,41), using the paper-and-pencil version of the 9-point Self-
Assessment Manikin (42). Vividness of imagery was assessed by means of
9-point Likert-scales, ranging from “very” to “not vivid.”

FS and fear of restriction (FR) were assessed using a translation of
Rachman and Taylor’s (33) suffocation and restriction scales. Each scale
consists of 6 items with high loading on only 1 of both factors. Participants
were asked to indicate the degree to which they would feel anxious in each of
the situations. Responses were made on a 5-point scale, ranging from “not
anxious” to “extremely anxious.”

Procedure
The selected students were invited to participate in an experiment inves-

tigating physiological changes during imagery. On arrival, the experimenter
told the participant that there were 8 imagery trials, each consisting of the
same consecutive phases. These were explained as Baseline: When the light
in the participant’s room was dimmed, participants were to close their eyes,
and 1 minute of relaxing music was presented through the headphones (a
fragment of Sarabande, Goldberg Suite, E. Grieg). Participants were in-
structed simply to listen to the music. Script: During the following minute, the
script was presented, and participants were asked to start the imagery as soon
as they heard the text. Silence: The listening period was followed by 90 s of
silence, during which they had to keep on imagining the script as vividly as
possible. After 60 s, a low level short auditory signal, announced during the
instructions, was given as a reminder to continue the imagery as vividly as
possible. Recovery: Thereafter followed a recovery period of 60 s with
another piece of relaxing music (Gymnopédie no. 1, E. Satie). Participants
were instructed to stop the imagery as soon as this music started, to keep their
eyes closed, and to listen to the music. The light being turned on announced
the end of an imagery trial.

Participants were told that physiological recordings would be made during
the imagery and the purpose of the equipment was described. Participants
were informed that the nose cannula sampled their expired air and sent it to
an analyzer and that 2 coils would be attached to their rib cage and abdomen
to detect changes in posture and muscle tonus of the trunk. The latter
(misleading) explanation was given to avoid drawing the participant’s atten-
tion to her respiration. After an informed consent was obtained, the Respitrace
coils and the nose cannula were attached. The participant was asked to sit
comfortably and was asked to maintain the same position during the entire
experiment. Next, the calibration procedure was started, during which time
participants wore a nose clip and breathed for 5 minutes through a mouthpiece
that was connected to a pneumotachograph.

After the calibration phase, the importance of imagining the scene as
vividly as possible was emphasized. Lang and colleagues (43) have demon-
strated that prior training in so-called response orientation may enhance
emotional imagery. Response orientation implies not only creating a detailed
visual picture of the scene but trying to feel and experience the scene as if one
were a real, active participant in it. After the first imagery trial, the experi-
menter asked whether she succeeded in imaging the scene vividly. Postim-
agery reports involving descriptions of one’s own responses toward the
situation (eg, feelings, bodily responses) were reinforced by the experimenter.
Next, the participant was asked to fill out the pleasantness, arousal, domi-
nance, and vividness ratings. Afterward, the experimenter explained that the
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other 6 remaining scripts would be presented according to the same scheme
without any further interruption by the experimenter.

The presentation order of the scripts was semirandomized. In order to
avoid repetition and boredom in the participants, high-arousal scripts were
alternated with low-arousal scripts. The relax 1 script was always presented as
the first script. The remaining low arousal scripts (relax 2, relax 3, depressive)
were randomized across the third, fifth, and seventh positions, yielding 6
possible orders for low-arousal scripts. The fear and tension scripts were
always presented on the second, fourth, sixth, and eight positions in a fixed
sequence (suffocation, tension, entrapment-only, examination). However, the
script with which this sequence started was randomized, yielding 4 possible
orders of fear and tension scripts. One low and 1 high-trait anxious participant
were randomly allocated to each of the 24 presentation orders that resulted
from combining the 6 possible orders of the low-arousal scripts with the 4
orders of high-arousal scripts.

Finally, after the experiment the experimenter asked whether the partici-
pant had voluntarily controlled their breathing during 1 or more imagery trials
and also whether they avoid elevators in real life because they feel anxious or
uncomfortable in them. Answers to the latter question were coded as 0
(“never”), 1 (“sometimes”), or 2 (“always”).

The scores on the FR and FS scales were obtained after the experiment.
All 48 participants were invited by mail to complete the FS and FR scales.
Forty-three participants returned a completed questionnaire to the experi-
menter.

Data Reduction and Analysis
In order to avoid potential confounding by presentation order or amount

of response training, data of the first imagery trial (first relaxation script) were
not analyzed.

Manipulation Checks
Omnibus ANOVAs on the self-reports (pleasantness, arousal, dominance,

vividness) with Group (2 levels) as a between-subject and Script (7 levels) as
a within-subject variable were run to check whether the scripts evoked the
targeted emotional states and to ensure that they did not differ in vividness.
Greenhouse-Geisser corrections were applied to these and all subsequent
ANOVAs, including the Script factor (7 levels); unadjusted degrees of free-
dom, adjusted p values, and � will be reported in the Result section.

We also checked also for baseline differences in breathing behavior:
means of FetCO2, fr, and Vi during baseline were analyzed in a similar design
with Group (high/low trait anxiety) as a between-factor and Script (7 levels)
as a within-subject factor.

Planned Comparisons
For the same breathing parameters, difference scores subtracting the

baseline from the imagery period were calculated. The first 30 s of script

presentation were not included in the imagery period. Specific hypotheses
were addressed using planned contrasts. Testing planned comparisons has
been recommended by several authors because of a better power and better
articulation compared with an omnibus ANOVA (44–46). In addition, a
significant omnibus effect is not required, provided that family-wise error is
controlled for (45). This approach has an advantage in the present study
design because the 3 critical fear scripts (suffocation, entrapment-only, ex-
amination) were embedded in a broader pool of imagery scripts that were not
necessarily relevant to the particular question regarding risk of suffocation.
Such cases have a clear advantage by allowing a better focus. Five planned
contrasts were tested. In order to control for family-wise error, � was set at
0.01 (Bonferonni correction).

Four contrasts addressed our hypotheses concerning risk of suffocation as
a specific trigger for hyperventilation. The suffocation script was contrasted
with each of the other fear scripts (entrapment-only, examination), and both
contrasts were tested within each of both anxiety groups. A fifth, additional
contrast tested whether high-arousal scripts (examination, suffocation, entrap-
ment-only, tension) led to a reduction in FetCO2 compared with low-arousal
scripts (depression, relax 2, relax 3).

Exploratory Analyses
In a set of exploratory analyses, correlations between trait anxiety, FS, FR,

and the CPS on the one hand and baseline FetCO2 and change score in FetCO2

during imagery of the fear scripts on the other hand were calculated. Only
significant effects will be reported.

RESULTS
Manipulation Checks

The arousal and pleasantness ratings confirmed that the
scripts generally evoked the targeted emotional states (see
Table 1). The fear and tension scripts were rated on the
negative side of the pleasantness scale and high in arousal.
The depressive script was rated negatively but low in arousal.
The relaxation scripts were rated positively and low in arousal.
Main effects of Script were significant for all ratings (F(6,276)
were for pleasantness: 293, p � .001, � � 0.80; for arousal
146, p � .001, � � . 80; for dominance: 71, p � .001, � �
0.63; for vividness: 7.10, p � .001, � � 0.89). A significant
Group � Script interaction effect (F(6,276) � 3.26, p � .05,
� � 0.63) emerged only for the dominance ratings. Follow-up
comparisons showed that the high-anxious group tended to
feel less dominant during the unpleasant scripts (depressive,
examination, suffocation, entrapment-only, tension) than the

TABLE 1. Mean Ratings for Each Imagery Trial (N � 48)

D Ex Suf Entr Relax 2 Relax 3 Tens

Pleasantness
M 7.35 7.46 7.83 7.67 1.65 1.63 5.85
SD 1.39 1.34 1.19 1.26 0.98 1.12 1.62

Arousal
M 2.67 6.08 6.40 5.94 1.40 1.44 5.65
SD 1.62 1.54 1.71 1.60 0.96 1.05 1.91

Dominance
M 4.50 3.63 2.50 2.92 7.71 7.90 4.35
SD 2.53 2.00 1.54 1.83 1.76 1.79 2.01

Vividness
M 6.54 6.73 6.67 6.81 7.52 7.52 5.77
SD 2.12 1.67 1.86 1.57 1.43 1.77 1.84

D � depressive script; Ex � examination script; Suf � suffocation script; Entr � entrapment-only script; Relax 2 � sea script; Relax 3 � living room script;
Tens � tension script. Lower values indicate less aroused, less pleasant, less dominant, and less vivid imagery, all on a 1-to-9 scale.
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low anxious group, F(1,46) � 6.31, p � .025, but no differ-
ence among both anxiety groups appeared for the pleasant
(relax 2, relax 3) scripts (F(1,46) � 1.35, n.s.).

There were no baseline differences among the seven im-
agery trials for FetCO2, fr, or Vi (see Table 2 for means and
standard deviations), nor were there any significant effects
involving Group.

Table 2 also displays the mean change scores in FetCO2, fr,
and Vi, and standard deviations during imagery. The changes
in FetCO2 in the tension, the depressive, and both relaxation
scripts were only minor and did not surpass the values of
normal intraindividual variability in FetCO2 during rest (48).
Relevant decreases in FetCO2 and increases in fr occurred in
the 3 fear scripts.

Planned Comparisons
Suffocation Versus Other Fear Scripts

For the high-trait anxious group, stronger decreases in
FetCO2 occurred in the suffocation script compared with
the other fear scripts. This was not found for the low-
anxious participants (see Figure 1 and Table 3). Similarly,
the suffocation script triggered stronger increases in fr than
the examination script in high, but not in low-trait anxious
participants (Table 3). Changes in fr did not differ between
the suffocation and the entrapment-only scripts for either
group. No significant effects on Vi responses during imag-
ery were found.

Self-reported pleasantness and arousal ratings for the suf-
focation script did not differ from ratings for the other fear
scripts in either of the anxiety groups (see Table 3 for statis-
tics). The suffocation script was rated lower in dominance
than the examination script, and this was the case for both
anxiety groups (see Table 3).

High- Versus Low-Arousal Scripts

The high-arousal scripts (suffocation, entrapment-only, ex-
amination, tension) were associated with a greater reduction in
FetCO2 and a higher fr than the low-arousal scripts (depres-
sion, relax 2, relax 3). The former were also rated higher in
arousal, more unpleasant, and lower in dominance than the
latter (see Table 1 for means and standard deviations and
Table 3 for statistics).

Correlational Analyses

Participants scoring high on FR had lower absolute base-
line levels of FetCO2 (r � �0.34, N � 43, p � .05). Change
scores from baseline to imagery in FetCO2 during imagery of
the suffocation, entrapment-only, or examination script were
not related to FR or to FS. A stronger decrease in FetCO2

during imagery of the suffocation script was associated with

Figure 1. Mean change in FetCO2 in high- and low-trait anxious participants
during imagery of the examination, the suffocation (suf), and the entrapment-
only (entrap-only) scripts. Vertical bars denote 0.95 confidence intervals.

TABLE 2. Baseline Values of FetCO2 (in %), Respiratory Frequency (per Minute) and Inspiratory Volume (in ml) and Respective Change Scores
(�) From Preimagery Baseline to Imagery (N � 48)

D Ex Suf Entr Relax 2 Relax 3 Tens

FetCO2

M 5.11 5.10 5.13 5.11 5.09 5.10 5.08
SD 0.49 0.46 0.47 0.47 0.46 0.46 0.50

fr
M 15.81 15.71 15.54 15.69 15.29 15.70 15.66
SD 2.85 2.68 2.86 3.01 2.70 2.74 2.76

Vi
M 341 338 354 344 356 350 350
SD 82 73 95 71 83 85 96

�FetCO2

M 0.05 �0.14 �0.27 �0.23 0.10 0.09 �0.03
SD 0.15 0.27 0.45 0.41 0.19 0.11 0.28

� fr
M 0.32 2.24 3.87 3.45 �0.12 �0.24 1.76
SD 2.61 4.24 6.60 5.58 2.39 1.86 3.71

�Vi
M �6.58 5.21 �11.78 �1.01 �10.61 �6.20 �14.69
SD 64.01 72.63 92.59 80.98 57.36 52.89 75.90

D � depressive script; Ex � examination script; Suf � suffocation script; Entr � entrapment-only script; Relax 2 � sea script; Relax 3 � living room script;
Tens � tension script; FetCO2 � fractional end-tidal CO2 concentration; fr � frequency of respiration; Vi � inspiratory volume.
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more respiratory (r � �0.32, N � 48, p � .05) and pares-
thesia (r � �0.34, N � 48, p � .05) symptoms in daily life,
but not to the other symptom groups of the CPS (anxiety,
cardiac, gastrointestinal, cerebral, and unclassified symptoms)
and was only marginally significantly (r � �0.26, N � 48,
p � .08) related to trait anxiety.

DISCUSSION
Suffocation Risk

As hypothesized, specific comparisons between fear scripts
showed that the reduction in FetCO2 was particularly pro-
nounced in high- but not in low-trait anxious participants
during imagery of the suffocation script. Although the ob-
served changes in FetCO2 during imagery of the suffocation
script remain small compared with clinical levels of hyper-
ventilation, this pattern of results suggests that the interaction
between dispositional anxiety and situational risk of suffoca-
tion may constitute a vulnerability factor for panic disorder
and for claustrophobia. Interestingly, both disorders have been
found to benefit from disconfirmation of misappraisals of
bodily sensations in cognitive-behavioral therapy (48). Hyper-
ventilation may be a common, important producer of bodily
symptoms in both disorders. Exploratory correlational analy-
ses further support that high FetCO2 responsiveness during
imagery in the laboratory may be a valid predictor of respon-
siveness in real life: FetCO2 decreases during imagery of the
suffocation script were specifically related to the report of
typical hyperventilation (respiratory and paresthesia) symp-
toms in daily life.

The stronger FetCO2 reactivity in high-anxious participants
during suffocation imagery was not paralleled by any of the
self-report measures. Both anxiety groups had similar scores
on the FS scale and a similar number of participants who were
truly phobic of elevators. Respiratory responses were highly
variable in the small sample of participants answering posi-
tively on the postexperimental question regarding avoidance
behavior for elevators: the decrease in FetCO2 for phobic
subjects ranged from �0.18% to �0.97% in the 5 high-trait
anxious and from �0.19% to �1.31% in the 3 low-anxious
participants. However, analyses excluding these claustrophobic
participants did not yield another pattern of results. Furthermore,
the enhanced respiratory responsiveness of the high-trait anx-

ious group in the suffocation script was not related to more
vivid imagery in that group or to corresponding effects found
on the ratings of pleasantness, arousal, dominance, or vivid-
ness. A possible ceiling effect for the pleasantness ratings of
the suffocation script may account for these latter findings.
Indeed, the majority of the participants scored this script close
to the negative end point of the scale. FetCO2 may be a more
sensitive measure to differentiate between extreme fear levels.
Alternatively, this finding may be an example of discordance
between self-report and physiological measures. This pattern
is quite common and has been suggested to be related to
pathology (49).

The results on FetCO2 do not exactly parallel the fr results.
As can be seen from Table 3, the suffocationorentrapment-
only contrast in the high-anxiety group was significant for
FetCO2 but not for fr. This is likely a consequence of FetCO2

being a more sensitive measure, resulting from the combined
and coordinated changes in several other breathing parame-
ters. In other words, changes in fr and volume may not reach
statistical significance by themselves, but their combined ef-
fect may influence FetCO2 in a highly significant way. In that
respect, FetCO2 is a more important and relevant output
measure, documenting whether the continuous and interde-
pendent variations in the breathing pattern are metabolically
appropriate.

Theoretically, it would have been interesting also to have
included a script with risk of suffocation without entrapment,
eg, a script of someone experiencing an asthma attack. How-
ever, such a script would have drawn too much attention
toward respiratory sensations and behavior, which changes the
breathing pattern by itself (see 31) or likely induces voluntar-
ily control of breathing in order to mimic the attack. For the
same reason, we opted to relate the risk of suffocation in the
imagery script to external cues rather than to interceptive cues,
although the latter might have been more relevant for panic
disorder.

Entrapment Only

Trait-like FR was not associated with an enhanced respi-
ratory reactivity to imagined entrapment. However, people
with a higher FR had a consistently lower FetCO2 during the
entire experiment. A likely explanation for this may be the

TABLE 3. Within Subject t’s for the Planned Comparisons

Contrast df
t

FetCO2 fr Vi Val Arous Dom

1. Suf–Entr, High anxious group 23 2.9a 1.6 0.3 0.6 0.1 �1.3
2. Suf–Entr, Low anxious group 23 �1.2 �0.4 �1.6 0.6 2.4 �1.6
3. Suf–Ex, High anxious group 23 3.3a 3.2a 0.11 1.2 0.3 �2.7a

4. Suf–Ex, Low anxious group 23 0.50 0.22 2.1 1.5 1.3 �3.6a

5. (D, Relax 1, 2, 3)–(Suf, Entr, Ex, Tens) 47 6.3a �4.2a �0.2 �27.3a 22.6a 11.0a

D � depressive script; Ex � examination script; Suf � suffocation script; Entr � entrapment-only script; Relax 2 � sea script; Relax 3 � living room script;
Tens � tension script; Val � valence; Arous � Arousal; Dom � Dominance; FetCO2 � fractional end-tidal CO2 concentration; fr � frequency of respiration;
Vi � inspiratory volume.
a p � .01.
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actual movement restriction in the experimental context. In-
deed, several cables connecting the participant’s torso to the
physiological recording systems and the experimenter’s in-
structions not to move or change position (see procedure) may
have triggered fear and an increased respiration in participants
with FR. This finding may be important for nonambulatory
psychophysiological research in general, in which partici-
pants, in addition to instructions not to move, are typically
physically restricted by measurement devices such as elec-
trodes. Because of the direct relationship between arterial
PCO2 and cerebral blood flow (50), the finding may have
particular relevance for brain-imaging studies.

Similar to previous findings (8,9), we observed a decreased
FetCO2 and an increased fr during imagery of fearful scripts
compared with low-arousal (depressive and relaxation)
scripts. A tension script that aimed to trigger a tense-attentive
defensive response set with a low action tendency was intro-
duced. Although this script was also rated rather negatively
and high on arousal (see Table 1), it triggered only a very
weak response in FetCO2, which is in line with the idea that
respiration generally covaries with the action tendency under-
lying an emotion.

In summary, our findings further corroborate the general
idea that respiratory responses, and FetCO2 in particular,
reflect the action tendency underlying an emotion (8,10–12).
Although high-trait anxious participants did not report being
more fearful about situations with a possible risk of suffocation
than low-trait anxious participants, only the former responded
with stronger increases in respiration and concomitant de-
creases in FetCO2 to imagined risk of suffocation. Adding
nonrespiratory physiological (eg, cardiovascular) measure-
ments in future studies would be interesting to determine
whether the enhanced responsiveness of high-trait participants
to situational risk of suffocation is specific for the respiratory
system.

Appendix: Imagery Scripts
Depression
It’s a gray morning and you wake up. You keep your eyes closed. You

should get up, but you don’t feel like starting the day. The thought of starting
your daily routine makes you feel miserable. What’s the use? Your body feels
tired and heavy. You feel empty inside and apathetic. Your head feels dull and
you can’t think straight. What’s more, you don’t want to think. Actually, you
wish it were evening again, so that you could go to bed again and not feel this
miserable. You feel lonely. Nobody understands you.

Examination
You’re studying. You look up from your desk and you see the huge pile

of books on your bookcase. You must still study them all, and exams will start
soon. You’re getting warm. You’re realizing you’re running out of time. You
feel nervous. All your best friends are better off. You start sweating and your
heart is pounding strongly and rapidly. You’re anxious and nervous. You
cannot get the exams and that pile of books out of your mind. All this
worrying makes studying even harder. Failing your exams would be a disas-
ter. Your heart is pounding heavily and your chest is tight.

Suffocation
You are alone in an elevator. Suddenly, the elevator stops and the light

goes off. You’re caught in between 2 floors. The door remains closed. It’s a

little place without any ventilation. You’re warm and you feel a bit tight in the
chest. You want to get out as soon as possible. Anxious feelings come over
you. You’re sweating and you feel your heart pounding strongly. There is too
little air in the elevator. In despair, you’re pushing on all the buttons, but
nothing happens. Your body is streaming with perspiration and your chest
feels compressed. There is almost no air available anymore in this little place.
You pull the door with all your strength. Your heart pounds wildly and you
can feel it all over your body. The only thing you can think of is: “I want to
get out.”

Entrapment Only
It’s early in the evening and you’re walking alone along a path in the

forest. A strong wind is blowing. All of a sudden, there is a squall and you
hear a loud, cracking noise. Before you realize what is happening, you’re
down and a heavy branch lands on your right leg. Your leg is OK, but you find
you’re stuck under the branches. You start sweating. You’re really stuck and
will never get out without help. This idea makes you feel panicky. Your heart
is pounding strongly and your chest feels compressed. You feel warm and
tight. You want to get out, but that’s impossible. Nobody really knows you’re
here, and it will take a long time before anyone will notice you’re missing.
Your heart is beating like crazy. You want to escape, but you’re stuck.

Relax 1
You’re sitting in the backseat of a moving car. The driver drives

relaxed and is well concentrated on the road. The radio is playing softly
and the passengers are not very talkative. You’re staring through the
window. It’s a calm, misty day. There’s little traffic on this long straight
road in the country. The lampposts pass you by in a steady rhythm. From
time to time you can see a cyclist or a pedestrian. The fog hangs above the
fields and the meadows along the road. In the distance, you can see the
vague contours of a forest.

Relax 2
You are in an apartment overlooking the sea. You just got back from a

walk on the beach and you’re relaxing in a chair. You took off your shoes and
the radio is playing in the background. It’s springtime. The sun shines inside
through the window and gives your body comfortable warmth. Sitting back,
you look out of the window watching the sea. The sea is calm. The tide is high
but the beach still stretches out a good way. Some children are building a
sandcastle. A group of people with a dog is passing by. They make the
seagulls fly away from the sand.

Relax 3
Sunday afternoon at home. In your most relaxing chair, you’re at ease

reading a book. It’s cozy inside the living room and a fragrant cup of coffee
sits next to you. Sitting back, relaxed, you look out of the window. It’s a sunny
autumn day outside. Red and brown leaves drift slowly down from the trees.
A passing car blows them up again. A little breeze takes them further away.
A few walkers are passing by. You sip your coffee and put the cup on the table
again. You pick up your book again.

Tension
You’re participating in a television quiz show. You’ve already earned a

huge amount of money. In a moment, the final test will start: a series of
difficult mental arithmetic questions that you should answer correctly and
rapidly. If you succeed, the amount of money will be doubled. If you fail, you
will lose everything. You’re tense, completely focused. The quiz master calls
for silence. The music and hubbub fade; it is silent now. You’re extremely
focused. “Are you ready?” the quiz master is asking; “Here are the questions.”
You’re awaiting the questions . . . you hardly dare to move . . . you feel
paralyzed . . ..

The authors thank Dr. Carson Smith and Tammy Silakowski for his
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