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BEHAVIORAL AND CARDIOVASCULAR EFFECTS OF
7.5% CO2 IN HUMAN VOLUNTEERS

Jayne E. Bailey, M.Sc.,1 Spilios V. Argyropoulos, M.R.C.Psych., Ph.D.,1 Adrian H. Kendrick, Ph.D.,2

and David J. Nutt, D.M., F.R.C.Psych.1n

The study of carbon dioxide (CO2) inhalation in psychiatry has a long and
varied history, with recent interest in using inhaled CO2 as an experimental tool
to explore the neurobiology and treatment of panic disorder. As a consequence,
many studies have examined the panic-like response to the gas either using the
single or double breath 35% CO2 inhalation or 5–7% CO2 inhaled for 15–20
min, or rebreathing 5% CO2 for a shorter time. However, this lower dose
regime produces little physiological or psychological effects in normal
volunteers. For this reason we have studied the effects of a higher concentration
of CO2, 7.5%, given over 20 min. Twenty healthy volunteers were recruited to a
double blind, placebo-controlled study where air and 7.5% CO2 were inhaled for
20 min. Cardiovascular measures and subjective ratings were obtained. When
compared to air, inhaling 7.5% CO2 for 20 min increases systolic blood pressure
and heart rate, indicating increased autonomic arousal. It also increases ratings
of anxiety and fear and other subjective symptoms associated with an anxiety
state. The inhalation of 7.5% CO2 for 20 min is safe for use in healthy
volunteers and produces robust subjective and objective effects. It seems
promising as an anxiety provocation test that could be beneficial in the study
of the effects of anxiety on sustained performance, the discovery of novel
anxiolytic agents, and the study of brain circuits and mechanisms of anxiety.
Depression and Anxiety 21:18–25, 2005. & 2005 Wiley-Liss, Inc.
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INTRODUCTION
The study of carbon dioxide (CO2) inhalation in
psychiatry has a long and varied history [Leake, 1973].
CO2 was recognised as an anaesthetic agent in the late
nineteenth and early twentieth century and it was
believed that these effects could be used to produce ‘a
quietness of the central nervous system’. Further
experiments to explore this idea led to some interesting
findings in mentally disturbed patients. The adminis-
tration of 30% CO2/70% O2 caused a catatonic
schizophrenic to respond by sitting up and speaking
[Loevenhart et al., 1929; Meduna, 1948], but did not
achieve lasting remission. The rapid coma technique of
CO2 inhalation therapy (70% CO2/30% O2) was
thought to be a useful therapy in the treatment of
heroin addiction [LaVerne, 1953]. It was also proposed
that CO2 inhalation might be used to treat maladaptive
anxiety responses, such as free-floating anxiety, specific

anxiety syndromes, and panic attacks [Wolpe, 1987]. It
was in the early 1980s, however, when work being
carried out on both sides of the Atlantic produced the
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current interest in CO2 as an experimental tool,
particularly to explore the neurobiology and treatment
of panic disorder [Gorman et al., 1984; van den Hout
and Griez, 1984].

Since this time, interest in CO2 as a model of
experimental anxiety has focussed on the inhalation of
low concentrations (5–7% CO2) over 15–20 min
[Gorman et al., 1988], or a high concentration (35%)
delivered via a single vital capacity inhalation [Verburg
et al., 2001]. Both models are well validated and
documented and seem to be reliable in producing panic
symptoms in panic disorder patients, but it is generally
thought that healthy normal volunteers do not react as
strongly. The majority of published studies have used
volunteer groups as a control for panic disorder patient
groups and evaluation criteria have often been panic-
specific, rather than a general examination of the
anxiety and arousal responses evoked.

We have examined the effects of a single inhalation
of 35% CO2 in normal volunteers [Argyropoulos et al.,
2002] and have explored the response to CO2 as a stress
stimulus rather than as an anxiety-panic specific
response. We reported a robust physiological response
comprising activation of the autonomic nervous system
and the hypothalamo-pituitary-adrenal (HPA) axis,
plus increases in subjective fear that did not amount
to panic. These findings suggest that the 35% CO2

inhalation is indeed producing a stress response, shown
by activation of the HPA axis in normal volunteers. In
addition, this has been replicated recently by van
Duinen et al. [2005] and by Kaye et al. [2004] who also
report increases in ACTH, prolactin and noradrenaline
in response to inhalation of 35% CO2 in volunteers.

When considering anxiety provocation, most human
models are panic-specific, in that the anxiety produced
tends to be acute and short-lived. In addition, not all
anxiety provocation models produce symptoms in
healthy volunteers, but may only produce symptoms
in patients with an anxiety disorder [Nutt, 2001]. It
would, therefore, be of use to model a more chronic
anxiety state so that additional ratings or measures of
performance can be studied.

To explore such a model, we have examined the
effects of inhaling 7.5% CO2 for 20 min in normal
healthy volunteers. The anxiety state produced by this
concentration of CO2 seems to be greater than that
produced by 5% [Stegen et al., 1998;Woods et al., 1988]
and in our experience, a different state is produced to
that of the 35% CO2 single inhalation [Argyropoulos et
al., 2002]. This study outlines our research findings and
describes the psychological and physiological effects of
inhaling 7.5% CO2 in healthy human participants.

SUBJECTS AND METHODS

ETHICAL CONSIDERATIONS

The study protocols were approved by the local
research ethics committee. All subjects gave written

informed consent before their participation. The
subject information sheets provided details on the
expected effects of inhaling CO2 and it was explained
that individuals exhibit dif ferent sensitivities to the
stimulus, which may affect outcome.

VOLUNTEERS

Twenty volunteers (6 women, 13 men) with a mean
age of 25.2 years (range¼ 19–40) were recruited from
within the hospital and university campus. Before
inclusion, all subjects were given a physical examina-
tion, including ECG, to ensure good medical health
and were interviewed by a psychiatrist to ensure no
history of, or first–degree relatives with, anxiety or
panic disorder. Other exclusion criteria were: current
or history of drug or alcohol abuse/dependence,
smoking 45 cigarettes/day, current or history of
cardiovascular, respiratory or renal disease, hyperten-
sion, migraine, epilepsy. Neither concomitant medica-
tions nor intake of any medication (apart from
occasional aspirin or paracetamol or the oral contra-
ceptive pill) were allowed for 8 weeks before testing. A
pregnancy test was carried out on female subjects
before entry. Subjects were paid for their involvement.

STUDY DESIGN

This was a placebo-controlled (air) study, with 14 of
20 subjects receiving air first followed by the 7.5%
CO2 challenge. The interval between the two gas
deliveries was 15 min.

PROCEDURE

Subjects reported to the Psychopharmacology Unit
clinical research facility. Alcohol was avoided for 36 hr
and caffeine for 12 hr before testing and subjects were
instructed to eat a light meal at least 1 hr before
attending the research unit. Before testing, questions
were asked to determine that the subject was still fit to
undergo the study procedure and that health status had
not changed since the screening day. They were then
settled into a comfortable chair in the respiratory
testing room for the test period, subjects were put at
their ease and baseline measures were commenced after
a settling period of approximately 15 min.

DELIVERY OF GAS

Gas mixture was CO2 7.5%/O2 21%/N 71.5% or
piped air and this was delivered via a nasal–oral exercise
face mask (Hans Rudolf, Kansas), which was attached to
a 500-L bag. Breathing pattern was monitored during
each 20-min inhalation period using a pneumotacho-
graph/integrator system (in-house) and recorded onto a
multi-channel chart recorder (Lectromed, Herts, UK).
The actual breath-by-breath changes in % CO2 and
% O2 were monitored throughout using a respiratory
mass spectrometer (QP9000; PK Morgan, Kent, UK)
and recorded simultaneously onto the chart recorder.
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At least two investigators remained with the subject
throughout the procedure.

CARDIOVASCULAR MEASURES

Beat-to-beat blood pressure and heart rate measures
were obtained using the Finapres (Ohmeda, Engle-
wood, CO). The subject wore a finger cuff with a
photosensitive cell connected via a servo-controlled
pump, which inflates the cuff to maintain a constant
pressure in the finger [see Coupland et al., 1995 for
further details]. A constant recording was made during
the inhalation of each gas mixture. During this time the
subject’s hand rested on the arm of the chair to
minimise movement.

SUBJECTIVE RATINGS

Visual analogue rating scales (VAS) were used,
measured on 100 mm line, anchored from 0 (‘‘not at
all’’) to 100 (‘‘the mostyever’’). The individual items
were labeled as: alert, anxious, fearful, relaxed, happy,
feel like leaving the room, feel paralysed, tense,
irritable, nervous, worried. These scales provide a
good estimate of rapid changes of aspects of mood
states [Bond and Lader, 1974]. The individual items
were chosen because of their relevance to anxiety or
stress responses. Assessments were made at baseline, at
the end of inhalation (þ20 min) and 10 min after the
end of the inhalation, just before the second inhalation
(þ30 min). Immediately after each inhalation subjects
were asked to rate how they felt at the peak effects of
the gas, this rating being ‘‘peak’’.

The panic symptom inventory (PSI) lists 34 symp-
toms related to panic anxiety and the associated
autonomic arousal, with the option of rating 0¼ not
at all, 1¼ slight, 2¼moderate, 3¼ severe, or 4¼ very
severe. It has been used in studies of panic provocation
[Bell et al., 2002; Nutt et al., 1990] and our previous
35% CO2 studies [Argyropoulos et al., 2002]. The PSI
was adapted from Clark and Hemsley [1982] and was

administered at baseline for peak effects of inhalation
and at the end of each inhalation.

The Spielberger State Anxiety Inventory (SSAI)
[Spielberger, 1983] was used to measure state anxiety
at baseline and 10 min after the end of each inhalation
period.

STATISTICS

Comparisons between air and CO2 were made using
repeated measures ANOVA for physiological data with
gas as within subject effect. Subjective VAS and PSI
data were analysed using Wilcoxon’s signed rank test
and a Student’s paired t-test was carried out on the
SSAI data. Software used for the analysis was SPSS
version 10.1 for Windows. Because the delivery of gas
was not balanced, we considered that too few subjects
received CO2 first to study order effects.

RESULTS

CARDIOVASCULAR

The 7.5% CO2 inhalation increased heart rate and
blood pressure early in the 20-min period (Fig. 1).
Blood pressure and heart rate values recorded during
the inhalation period were expressed as a mean for the
total duration. During CO2 inhalation, systolic blood
pressure (SBP) and heart rate (HR) were significantly
increased compared to during air inhalation. Diastolic
blood pressure (DBP) was not significant. Data are
shown in Table 1. A typical cardiovascular response to
7.5% CO2 is shown in Figure 1. Of note, the values
during air inhalation suggest raised BP. This may be
due to the experimental situation or may be due to the
nature of data collection because in this experiment
Finapres was used primarily to measure change rather
than absolute values.

VISUAL ANALOGUE SCALES

Data are expressed as a change score from the �10
baseline value. There are significant effects of gas at
peak and at þ20 min (i.e., end of inhalation). For peak
effects of CO2, 10 of 11 ratings are significantly
different from air (Table 2). The subjective reporting ofInhalation of 7.5% CO2 in one subject
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Fig. 1. Continuous measurement of blood pressure and heart
rate during inhalation of 7.5% CO2 for one subject, demonstrat-
ing increases in response to CO2. SBP, systolic blood pressure;
HR, heart rate. Arrow indicates time CO2 started.

TABLE 1. Heart rate and blood pressure during 20 min
inhalation of air or 7.5% CO2

ANOVA

Value Airn CO2
n P df F

SBP 154 (17.7) 172 (16.7) o0.001 1,19 19.5
DBP 91 (18.2) 94 (14.8) ns
HR 76 (9.3) 84 (14.7) o0.001 1,19 19.3

nValues are expressed as mean (sd).
N¼ 20.
ns, not significant.
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‘alertness’ was not significantly different between the
gases at this, or any other, time point.

At þ20 min after start of inhalation, 7 of 11 ratings
are significantly different for air and CO2 (Table 3).

There were no significant changes from baseline at the
+30 minute time point.

PANIC SYMPTOM INVENTORY

The PSI total score was significantly different at
peak effects of CO2 compared with air (air¼ 8.9
[71.9]; CO2¼ 26.5 [73.4], Wilcoxon P o.001) and
at þ20 min (air¼ 5.4 [75.8]; CO2¼ 13.1 [77.8],
Wilcoxon P¼ .001). Total score for each subject at
baseline, peak air, and peak CO2 are shown in Figure 2.
Subjects 12, 17, and 18 scored highly in response to
CO2.

SPIELBERGER STATE ANXIETY
INVENTORY

There were significant differences between baseline
and post-CO2 inhalation (P¼ .009) and post-air
compared to post-CO2 (P¼ .002). No difference
between baseline and post-air were seen. Data are
shown in Figure 3.

RESPIRATORY MEASURES

Equipment failure prevented collection of respira-
tory variables for all but five subjects. Figure 4 shows
end tidal CO2 measures for five subjects during
inhalation of 7.5% CO2 (top section) and air (lower
section), with air showing more inter-individual
variability.

DISCUSSION

PHYSIOLOGICAL

This experiment demonstrates measurable physiolo-
gical effects of inhaling 7.5% CO2 in normal healthy,
non-anxious volunteers. These effects seem to be of
fairly rapid onset, as demonstrated by the rise in blood
pressure and heart rate shown in Figure 1, and are
sustained for the duration of the inhalation period.

TABLE 2. VAS data, change from baseline values for
peak effects of gas

Rating Peak air Peak CO2

Anxious 2 (2.1) 25 (5.8)b

Fear 1 (2.9) 24 (4.5)b

Feel like leaving 3 (2.5) 23 (5.8)b

Happy �10 (2.9) �27 (4.0)c

Irritablea 2 (2.1) 16 (6.9)d

Nervousa 5 (2.3) 17 (3.4)c

Paralysed 4 (2.6) 15 (4.2)c

Relaxed �13 (5.5) �35 (4.9)b

Tense 4 (2.9) 29 (5.1)b

Worrieda 1 (1.6) 18 (4.7)c

Values are expressed as mean (sem); n¼ 20.
an¼ 12.
Wilcoxon signed rank test: bP¼ .001; cP¼ .01; dPo.05.

TABLE 3. VAS data, change from baseline values for +20
min of gas

Rating Peak air Peak CO2

Anxious �2 (2.4) 7 (2.8)c

Fear 8.7 (3.2) 3.5 (6.3)
Feel like leaving 1 (1.9) 12 (4.5)b

Happy �5 (4.5) �16 (2.8)c

Irritablea �1 (2.3) 4.6 (3.0)d

Nervousa �1.7 (2.5) 2.1 (2.4)
Paralysed 2 (1.1) 7 (1.9)d

Relaxed 1 (5.7) �29 (4.9)b

Tense �2 (3.5) 16 (5.7)c

Worrieda �2.1 (1.6) 0.8 (2.6)

Values are expressed as mean (sem); n¼ 20.
an¼ 12.
Wilcoxon Signed rank test: bP¼ .001; cP¼ .01; dPo.05.

PSI Total score

P
SI

  s
co

re

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Subject No.

Baseline

Air Peak

CO2 Peak

Fig. 2. PSI total score for baseline, peak response of air and CO2 inhalation for each subject undergoing the procedure.
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This cardiovascular response to 7.5% CO2 differs to
that produced by 35% CO2 where blood pressure is
increased but a bradycardia is also seen [Argyropoulos
et al., 2002].

Although there is a large published literature on the
physiological and psychological effects of the 35%
CO2 single inhalation and the 5% CO2 inhalation for
15–20 min, there are fewer reports of the effects of
7–10% CO2. One of the most interesting reports is
from the early 1960s [Sechzer et al., 1960] when the
authors demonstrated that markers of autonomic
arousal were increased when male volunteers inhaled
7–14% CO2 for periods of 10–20 min. They reported
increases in respiratory minute volume, blood pressure,
and heart rate. In addition, plasma levels of epinephr-
ine, norepinephrine, and 17-OH corticosteroids were
increased, suggesting sympathoadrenal arousal during
CO2 inhalation.

Almost three decades on from Sechzer’s study,
Woods et al. [1988] examined the biochemical and

physiologic effects of inhaling 5% and 7.5% CO2 in
healthy subjects. They reported a dose-related increase
in blood pressure, heart rate, and respiratory rate in
response to inhaling the gas for 15 min. There was a
non-significant increase in plasma cortisol and prolac-
tin after inhaling 7.5% CO2, but no effect of the gas on
the noradrenaline metabolite, 3-methoxy-4-hydroxy-
phenylglycol (MHPG), or growth hormone (GH). Of
interest, like Sechzer et al. [1960], this group also
reported that inhalation of 7.5% CO2 caused headache
in many of the volunteers, an observation we also
made, but did not formally rate. In approximately 60%
of our subjects headache after CO2 was reported and
we have since made a history of frequent headache or
migraine an exclusion criteria for our studies.

In Rhesus monkeys using CO2 concentrations of
5%, 7.5%, and 10%, inhaled for 180 min, Krystal et al.
[1989] reported dose-dependent increases in respira-
tory rate, MHPG, GH and cortisol (significant for
7.5% and 10% CO2), and prolactin (significant at 10%
CO2). A general behavioral activation was observed
within the first 15 min of inhalation, quantified by an
increase in head and body turns. These results
suggested a general autonomic arousal and a hormonal
stress reaction in response to CO2 in this species.

Much of the interest in CO2 as a respiratory
challenge stems from Klein’s theory in which he
suggests that panic disorder is due to an increased
sensitivity of the central chemoreceptors to carbon
dioxide. This means that these patients are more likely
to trigger these neurons that leads to a false ‘suffoca-
tion alarm’, that in turn leads to panic [Klein, 1993].
This theory has been tested with carbon dioxide
challenges to examine and compare ventilatory re-
sponse and respiratory variables in patient populations
and volunteers by a number of groups [Gorman et al.,
1988; Lousberg et al., 1988; Pain et al., 1988; Papp
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et al., 1995, 1997]. These studies have yielded different
and inconclusive results. More recently, however,
Gorman et al. [2001] felt it important to conduct a
further study with an independent cohort of patients to
assess whether increased ventilatory response is pa-
tient-specific (i.e., are only patients with panic disorder
sensitive or is any person who panics, regardless of
diagnosis, more sensitive?).

Patients with a diagnosis of panic disorder, major
depression, pre-menstrual dysphoric disorder, and
normal volunteers underwent the 5% and 7% CO2

challenge. Continuous respiratory measures of tidal
volume, respiratory rate, minute volume, and end tidal
CO2 were conducted. It would be interesting to see
whether similar blood pressure and heart rate findings
were observed across patient groups. Unfortunately,
cardiovascular parameters were not reported. The
authors concluded that having a panic attack in
response to CO2 was more important than having a
diagnosis of panic disorder in distinguishing response
and that rather than, or in addition to, abnormal
chemoreceptors, central brain circuits are implicated.
They propose a theory that ‘panic’ to CO2 involves a
more generalised fear response implicating the amyg-
dala and neural ‘fear’ circuit. The findings from
Argyropoulos et al. [2002] showing increased fear and
an HPA axis activation after 35% CO2 inhalation
would support this theory.

PSYCHOLOGICAL

It is clear that in this study 7.5% CO2 increased
subjective fear and anxiety in these healthy participants.
The subjective changes in response to 7.5% CO2

reported using the VAS show a heightened ‘threat’
situation, with ratings of anxious, fear, feel like leaving
the room, and tense all increasing in response to 7.5%
CO2 and ratings of relaxed and happy significantly
decreasing. These changes were apparent at peak
effects of gas during the 20-min inhalation period
and also at the end of the inhalation (20-min time-
point) as shown in Tables 2 and 3. A limitation of these
time-points, however, is that ‘‘peak’’ was a retrospective
rating. Perhaps it would have been of greater interest to
rate at 5-min intervals during the inhalation or even
continuously.

The total score on the PSI was significantly higher
for 7.5% CO2 compared to air. Interestingly the total
PSI score for peak effects of 7.5% CO2 is similar to
that found in our previous study with 35% CO2 (26.5
versus 21) [Argyropoulos et al., 2002] suggesting a
similar state of arousal. There are many similarities
between the symptoms produced by the two methods
of gas inhalation, but there are also dif ferences, with a
greater percentage of subjects reporting increased
sweating, tremor, tension, and tight muscles on 7.5%
CO2. Three subjects scored highly on the PSI in
response to 7.5% CO2. These individuals demon-
strated a marked sensitivity to the gas, but recovered

rapidly with no sequelae. Individual variability of
response is shown in Figure 2.

The data from the Spielberger state anxiety inven-
tory suggests that a residual anxiety is still present for
up to 10 min after completion of the CO2 inhalation, as
indicated by the significant increase in the score
(Fig. 3). This is not reflected in the VAS scores,
however, and it must be noted that the mean
Spielberger score is still within the range for normal
volunteers, with anxious patients reporting a mean
score of 49 [Spielberger, 1983].

Interestingly, returning to the Sechzer [1960] study,
no formal ratings of subjective state were measured, but
descriptions of the procedure being ‘‘horrible’’, ‘‘un-
bearable’’, ‘‘like strangling’’, or ‘‘suffocating’’ were
reported. Other subjects in the Sechzer study reported
a fear of calamity or feeling of impending death, and
profuse sweating and headache were not uncommon.
These reports are interesting and clearly describe a
fairly intense state of anxiety, perhaps even a panic
attack. The subjective reports from the Woods et al.
[1988] study showed a dose response of CO2, with
significantly greater ratings of fear for 7.5% CO2 (VAS
change¼ 30 of 100) compared to 5% CO2 (VAS
change¼ 3 of 100).

Many of the published studies using CO2 to provoke
panic anxiety in patients with panic disorder and other
anxiety disorders, have used primarily panic-specific
criteria (i.e., using the 12 or 13 items from DSM-III-R
or DSM-IV [American Psychiatric Association, 1987
and 1994] to determine the panic response to the
challenge) rather than break down specific symptoma-
tology. This response is often expressed as a total score
and because many different scales are in use, it is not
always easy to interpret findings, particularly in normal
volunteers. We did not formally rate whether the
subjects in our studies experienced a panic attack
because we were not testing this hypothesis. Many
published articles on CO2 provocation have discussed
whether a panic response is a true panic attack, and
Sanderson and Wetzler [1990] have reviewed the
difference in defining laboratory panic and the con-
sequent differences in reported rates of CO2-induced
panic. At this time, they suggested specific criteria
should be applied to determine whether or not a panic
attack occurred [Sanderson et al., 1989], but today,
there are still dif ferent definitions in use. For example,
van Beek and Griez [2000] determine a CO2-induced
panic attack by an increase of anxiety of Z25 on the
visual analogue scale (0–100), combined with an
increase in panic symptomatology. If we apply this
criterion to the subjects who participated in our study,
30% (6 of 20) would be classified as experiencing a
panic attack. No subject asked to terminate the
procedure, however, and on no occasion did the
subjects seem unduly distressed by the experience.

In our study, each volunteer was given an informa-
tion sheet detailing the possible CO2-induced symp-
toms. They were also told that individuals may be
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differently sensitive and that it was difficult to know in
advance how they may respond. Whether instructional
conditions could change outcome to 5 and 7% CO2

inhalation was examined by Welkowitz et al. [1999].
Panic disorder patients and control subjects were
assigned to one of three groups; reassurance (reiterated
safety instructions), control dial (were able to reduce
CO2 concentration), and basic instructions (standard
information). All subjects underwent the same proce-
dure regardless of instructional set. The results suggest
that such manipulation does not affect panic rate in
patients and no significant dif ferences were found for
any of the biological variables. It seems that response to
CO2 is a robust biological effect and is independent of
cognitive manipulation

CONCLUSIONS
In developing a model for the study of human

anxiety, it is important to be able to evaluate the effects
of the challenge and thus it is imperative to select a
reliable tool to measure the subjective response. Our
data shows that a range of responses on a questionnaire
and a selection of visual analogue scales gives a good
overview of subjective changes that occur in response
to inhalation of 7.5% CO2 and also demonstrates a
reasonable recovery 10 min after the gas inhalations. In
addition, a response to a challenge should monitor
physiological changes as well as subjective reports.
This important issue is discussed further by Wilhelm
and Roth [2001], who argue that physiological anxiety
symptoms (such as palpitations, sweating, chest pain),
could be evaluated within the laboratory and that the
findings of such monitoring may well lead to a refined
assessment of anxiety disorders. Wilhelm and Roth
[2001] also remind us that pharmaceutical companies
promote the biological basis of anxiety disorders, yet
the outcome of any treatment is always evaluated by
self-report.

To further this research it will be of interest to show
an attenuated response to anxiolytic medication.
Preliminary data from our studies suggest that the
prior administration of the benzodiazepine lorazepam
does reduce some of the symptoms produced by 7.5%
CO2 [Nutt and Bailey, 2002, 2004]. Further investiga-
tion of the effects of established GAD treatments, such
as paroxetine and venlafaxine, on subjective and
physiological responses to 7.5% CO2 is required.
Findings from this and our previous studies have
produced some strong correlations between subjective
and physiological responses to CO2. This has led us to
postulate that a common mechanism may mediate
these responses and have proposed that the noradre-
nergic system may be the key mediator [Bailey et al.,
2003]. With this in place, it is of interest to test this
theory with further pharmacological probes and
neurochemical measures. In addition, it would be of
interest to observe how patients with an anxiety
disorder would respond to the 7.5% CO2 challenge.

Hoehn-Saric and McLeod [2000] suggest that patients
with chronic anxiety disorders show a weaker physio-
logical response to laboratory stressors than do normal
control subjects. They explain this as a ‘diminished
physiological flexibility’ and it would be of interest to
repeat our experiments examining the psychophysio-
logical response to 7.5% CO2 in patients with GAD or
PD. It is of course also important to elucidate whether
the responses reported here are reliably repeatable over
time or whether they are attenuated after repeated
exposure.
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