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Abstract

Our aim was to compare the clinical features of panic disorder (PD)
patients sensitive to hyperventilation or breath-holding methods of
inducing panic attacks. Eighty-five PD patients were submitted to
both a hyperventilation challenge test and a breath-holding test. They
were asked to hyperventilate (30 breaths/min) for 4 min and a week
later to hold their breath for as long as possible, four times with a 2-min
interval. Anxiety scales were applied before and after the tests. We
selected the patients who responded with a panic attack to just one of
the tests, i.e., those who had a panic attack after hyperventilating
(HPA, N = 24, 16 females, 8 males, mean age ± SD = 38.5 ± 12.7 years)
and those who had a panic attack after breath holding (BHPA, N = 20,
11 females, 9 males, mean age ± SD = 42.1 ± 10.6 years). Both groups
had similar (χ2 = 1.28, d.f. = 1, P = 0.672) respiratory symptoms (fear
of dying, chest/pain disconfort, shortness of breath, paresthesias, and
feelings of choking) during a panic attack. The criteria of Briggs et al.
[British Journal of Psychiatry, 1993; 163: 201-209] for respiratory PD
subtype were fulfilled by 18 (75.0%) HPA patients and by 14 (70.0%)
BHPA patients. The HPA group had a later onset of the disease
compared to BHPA patients (37.9 ± 11.0 vs 21.3 ± 12.9 years old,
Mann-Whitney, P < 0.001), and had a higher family prevalence of PD
(70.8 vs 25.0%, χ2 = 19.65, d.f. = 1, P = 0.041). Our data suggest that
these two groups - HPA and BHPA patients - may be specific subtypes
of PD.
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Introduction

Respiratory tests have been fruitful in
generating hypotheses about panic disorder
(PD) (1). The connection between respira-
tory system and PD has been reported in the
medical literature (2). Klein (1) proposed

that spontaneous panic attacks occur when
the brain’s suffocation monitor erroneously
signals a lack of useful air, maladaptively
triggering an evolved suffocation alarm sys-
tem. Such a dysfunction would make an
individual vulnerable to “false suffocation
alarms”, namely panic attacks. Carbon diox-
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ide (CO2) sensitivity may be an aspect of a
hypersensitive suffocation detector (1).

Respiratory abnormalities are associated
with anxiety, particularly with panic attacks
(3,4). Misinterpretation of induced respira-
tory symptoms increases fear and autonomic
activity resulting in increasing respiratory
frequency that will further dissipate CO2

and intensify hypocapnic symptoms (3). PD
patients exhibit both behavioral and physi-
ological abnormal responses to respiratory
challenge tests (5,6). Symptoms such as short-
ness of breath, “empty-head” feeling, dizzi-
ness, paresthesias, and tachypnea have been
described in the psychiatric and respiratory
physiology literature related to PD (3,7).
Panic patients report significantly more
panic attacks and anxiety during the respira-
tory challenge tests than normal volunteers
(3,4,8).

The inhalation of high concentrations of
CO2 has also consistently been shown to
increase anxiety and induce panic attacks in
PD patients (9,10). A CO2-induced panic
attack closely resembles the panic attack PD
patients experience outside the laboratory
(9) and is one of the most reliable panicogenic
agents (9,10). A simple and natural method
of inducing endogenous CO2 increase may
be breath holding. The provocation of anxi-
ety by an increase in CO2, as in breath hold-
ing, may be a reliable marker of panic.

Hyperventilating at 30 breaths per minute,
although causing a significant drop in end-
tidal CO2 to conventionally accepted levels
of hypocapnia, seems to be a less reliable
panicogenic challenge than CO2 inhalation
(7). However, for a small group of PD pa-
tients hyperventilation may be a safe and
easy test for a more precise diagnosis. In-
deed, hyperventilation has been considered
to be a cause, a correlate, or a consequence
of panic attacks (11).

We have been studying the relationship
between hyperventilation- (HPA) and breath-
holding-induced panic attacks (BHPA) (12-
16). Although in all investigations the PD

group had a higher sensitivity to the respira-
tory challenge tests, some patients responded
selectively to either hyperventilation or breath
holding. It is not clear, however, if these two
groups present distinct clinical characteris-
tics. Thus, the objective of the present study
was to compare the clinical features of these
two groups.

Patients and Methods

We randomly selected 85 PD patients
from the Laboratory of Panic and Respira-
tion of the Federal University of Rio de
Janeiro. The patients had not participated in
any other respiratory challenge test. They
included 58 women and 27 men with a mean
age (± SD) of 41.6 ± 13.5 years. All patients
were submitted to the two tests, separated by
a one-week interval.

After the subjects received a clinical di-
agnosis of PD during an ordinary clinical
interview held by a psychiatrist, they were
interviewed by a second clinician using the
Structured Clinical Interview Diagnostic
(SCID) (17) for DSM-IV (18). The subject
was only enrolled in the study if a consensus
diagnosis could be reached between the two
psychiatrists. Patients who met DSM-IV (18)
criteria for bipolar disorder, obsessive-com-
pulsive disorder, schizophrenia, delusional
or psychotic disorders, organic brain syn-
drome, severe personality disorder, epilepsy,
or substance abuse or dependence (during
the previous year) were excluded. Patients
with comorbid dysthymia, generalized anxi-
ety disorder, or past major depression were
included if PD was judged to be the principal
diagnosis.

The protocol was explained to the sub-
jects, who signed a voluntary written con-
sent to participate. Our Institute of Psychia-
try, UFRJ Ethics Committee approved the
protocol, which complied with the principles
of the Declaration of Helsinki. The subjects
were informed that they would be asked to
hyperventilate room air and one week later
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to hold their breath four times. They also
were informed that the procedure was not
dangerous but that anxiety symptoms could
occur during the session.

The inclusion criteria were: 18 to 55
years of age, occurrence of at least three
panic attacks in the two weeks before the
challenge test day, no use of any psychotro-
pic drugs for at least one week by any sub-
ject, and a negative urine test for benzodiaz-
epines and other medications before the
tests.

Exclusion criteria were: unstable medi-
cal condition, cognitive-behavior psycho-
therapy during the study, use of any regular
antipsychotic, antidepressant, regular ben-
zodiazepine or nonbenzodiazepine anxiolytic
medication for 4 weeks, or fluoxetine for 5
weeks before the test; or the presence of
suicidal risk. Subjects with a history of respi-
ratory disease and smokers were also ex-
cluded.

All subjects underwent physical exami-
nation and laboratory exams to ensure they
were healthy enough to participate in the
respiratory challenge tests. They had no res-
piratory or cardiovascular abnormalities and
were free of caffeine ingestion for 24 h
before the tests.

The tests were conducted in the usual
examination room, with no changes made in
the environment. All subjects were asked to
relax for 10 min. We then checked respira-
tory frequency, pulse, and blood pressure.
These measurements were repeated 1 and 5
min after the test. To measure the baseline
anxiety level subjects were asked to com-
plete before the test the Subjective Units of
Disturbance Scale (SUDS), a semiquantita-
tive evaluation method ranging from 0 (no
anxiety) to 10 (maximum anxiety) (19), and
the Diagnostic Symptom Questionnaire
(DSQ) (19) adapted for DSM-IV in which
the presence and level of discomfort of panic
symptoms experienced after the test were
rated on a 0 to 4 point scale (0 = none, 4 =
very severe). The scales had been evaluated

by back translation. On the basis of the DSQ,
the presence of a panic attack was defined
when the subject presented: 1) four or more
symptoms of a panic attack from the DSM-
IV, 2) at least one of the cognitive symptoms
of a panic attack from the DSM-IV (e.g., fear
of dying or of losing sanity or control), 3)
feeling of panic or fear, similar to spontane-
ous panic attacks recorded on a card which
the raters were not permitted to observe, and
4) agreement about clinical panic attack di-
agnosis between two test-blinded raters. The
comparison of the two rater scores was done
after the test. The feeling of a panic attack
reported by the subjects was also examined
in order to compare agreement between ra-
ters and subjects.

After the hyperventilating test had been
explained the subjects were submitted to a
30-s training period. The subjects then re-
laxed for an additional 10-min period, after
which hyperventilation (30 respiratory move-
ments per minute over a period of 4 min) was
induced, with a rater counting aloud the
ventilatory movements. Immediately after
this period we evaluated the level of anxiety
and the presence of a panic attack.

The breath-holding test consisted of four
trials as used by van der Does (20). The first
three trials had a 1-min anticipation period,
followed by cessation of breathing at func-
tional residual capacity for maximum dura-
tion, and a 2-min recovery period. Subjects
were instructed to stop breathing following a
normal (i.e., not forced) exhalation and to
maintain the cessation for as long as pos-
sible. The fourth trial consisted of breath
holding after a full vital capacity breath. All
patients used an easily self-removable nose-
clip. Immediately after this period we evalu-
ated the level of anxiety and the presence of
a panic attack. A chronometer was used to
measure the breath-holding time.

Statistical analysis

Panic rates of symptoms for the two
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groups were compared by the χ2 test. Data
concerning the effects of hyperventilation
and time of observation were tested by two-
way ANOVA with repeated measures for
time and independent groups for SUDS (be-
fore and after). Current age and age at the
beginning of the disorder were compared by
the Mann-Whitney test. Gender, educational
level, marital status, occupation, and ethnicity
were compared using χ2 tests. Pair-wise com-
parisons of the groups were performed using

Fisher’s protected least significant differ-
ence method. The level of significance was
set at 5%.

Results

In our initial sample (N = 85), 44 (51.8%)
patients had a panic attack in one of the
respiratory tests, 25 (29.4%) patients had a
panic attack in both tests, and 16 (18.8%)
had no panic attack in any test.

The demographic and clinical features of
the HPA (N = 24) and BHPA (N = 20)
groups can be seen in Table 1. The groups
did not differ in gender, age, educational
level, marital status, occupation, incidence
of previous depressive episodes, or previous
psychiatric treatment (Table 1). The HPA
group had a higher frequency of a family
history of PD and a later onset of the PD
(Table 1).

Table 2 shows the SUDS level measure-
ment before and after the tests. Both groups
were highly sensitive and had a similar in-
crease in anxiety level after the tests.

Patients with 4 or more respiratory symp-
toms (N = 27; 61.4%) had more spontaneous
panic attacks (mean ± SD: 9.5 ± 9.6 in the
past 4 weeks) than did patients with fewer
respiratory symptoms (N = 17; 38.6%; mean
± SD: 4.3 ± 4.1). This difference was statis-
tically significant (ANOVA, d.f. = 1,40; F =
12.76; P = 0.011). Patients with four or more
respiratory symptoms had significantly more
situational panic attacks (8.8; SD = 3.9) than
did the remaining patients (3.2 ± 4.7;
ANOVA: d.f. = 1,40; F = 9.77; P = 0.008).
The HPA group (N = 24) had 14 (58.3%)
respiratory subtype PD patients and the
BHPA group (N = 20) had 13 (65.0%) respi-
ratory subtype PD patients (χ2 = 1.67, d.f. =
1, P = 0.562).

The frequency of panic attack symptoms
in the HPA group vs the BHPA group can be
seen in Table 3. There were no differences
between groups. Symptoms appearing more
frequently were fear of dying, chest pain/

Table 1.     Demographic and clinical characteristics
of the hyperventilation-sensitive panic attack
group (HPA) vs the breath-holding-sensitive panic
attack group (BHPA).

Sex Male Female
HPA (N = 24) 8 (33.3) 16 (66.7)
BHPA (N = 20) 9 (45.0) 11 (55.0)

Age (years ± SD)
HPA 38.5 ± 12.7
BHPA 42.1 ± 10.6

Educational level1 High Low
HPA (N = 24) 19 (62.5) 5 (37.5)
BHPA (N = 20) 16 (80.0) 4 (20.0)

Marital status Married Not married
HPA (N = 24) 15 (44.3) 9 (55.7)
BHPA (N = 20) 12 (60.0) 8 (40.0)

Occupation Active Inactive
HPA (N = 24) 16 (66.7) 8 (33.3)
BHPA (N = 20) 17 (85.0) 3 (15.0)

Family history of panic disorder*
Yes No

HPA (N = 24) 17 (70.8) 7 (29.2)
BHPA (N = 20) 5 (25.0) 15 (75.0)

Age at onset of the disease (years ± SD)
HPA 37.9 ± 11.0+

BHPA 21.3 ± 12.9

Patients with previous depressive episodes2

Yes No
HPA (N = 24) 20 (83.3) 4 (16.7)
BHPA (N = 20) 12 (60.0) 8 (40.0)

Data are reported as number (%) of patients ex-
cept for age and age at onset of the disease which
are reported as mean (± SD) number of years.
1High = 12 or more years of study; low = less than
12 years of study. 2Obtained by a clinical inter-
view with the patient. *χ2 = 19.65, d.f. = 1, P =
0.041. +P < 0.001 compared to BHPA (Mann-
Whitney test).
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discomfort, shortness of breath, paresthesias,
and feelings of choking.

Discussion

In the present study we compared the
clinical features of PD patients who had a
panic attack after a hyperventilation chal-
lenge test with those of patients who had an
attack after a breath-holding test. The demo-
graphic and clinical characteristics of both
groups were very similar but the HPA group
had a higher frequency of a family history of
PD, and a later onset of the disease (Table 1).
The subjective level of anxiety after the res-
piratory tests (Table 2) was similar in the two
groups. PD subtypes have been described in
the literature (21,22). Briggs et al. (21) stud-
ied the description of the last and most se-
vere panic attack of 1108 PD patients, which
were divided into two groups according to
the presence or absence of prominent respi-
ratory symptoms. They found that the group
with prominent respiratory symptoms had
more spontaneous panic attacks and had bet-
ter responses to imipramine, while patients
from the non-respiratory subgroup had more
situational panic attacks and had better re-
sponses to alprazolam.

Cognitive factors are also present in the
respiratory tests (23). The CO2 and lactate
infusion tests can be easily compared with a
placebo test but the difficulty of using a
placebo test for the hyperventilatory or
breath-holding test makes their results
weaker. The blindness of the raters to the test
used for each patient increases the strength
of our results but we recognize it was diffi-
cult to assure a complete blindness since
some patients talked about the test while
being evaluated. During the tests the raters
stayed outside the room.

Since the tests used in our trial are very
different in their methodology (hyperventi-
lation vs breath-holding) we do not think that
the fact that there was a fixed order in the test
presentation interfered with the results. This

Table 2. Subjective anxiety levels just before and
after hyperventilating in the hyperventilation-sen-
sitive panic attack group (HPA) vs the breath-
holding-sensitive panic attack group (BHPA) just
before and after breath holding.

Self-rating HPA (N = 24) BHPA (N = 20)

SUDS before 2.4 ± 1.7 2.3 ± 1.8
SUDS after 7.1 ± 2.5 6.9 ± 3.0

Data are reported as means ± SD. SUDS = Subjec-
tive Units of Disturbance Scale. Data were ana-
lyzed by two-way ANOVA. Group by time interac-
tion: F = 4.56, d.f. = 1.43, P = 0.878. Effect of
time: F = 31.25, d.f. = 1.43, P < 0.001 (Fisher
protected least significant difference: HPA vs
BHPA, P = 0.534).

would only happen if the patients could be
trained for the second test. It is difficult to
separate the biological and psychological
factors influencing the results observed.

Several studies do not support the idea
that hyperventilation elicits panic attacks
(5,24). It may be that hyperventilation is a

Table 3. Frequency of panic attack symptoms in
the hyperventilation-sensitive panic attack group
(HPA) vs the breath-holding-sensitive panic attack
group (BHPA).

Symptoms HPA BHPA
(N = 24) (N = 20)

Fear of dying 22 (91.7) 19 (95)
Chest pain/discomfort 17 (70.8) 19 (95)
Shortness of breath 18 (75.0) 18 (90)
Paresthesias 16 (66.7) 17 (85)
Feelings of choking 15 (62.5) 17 (85)
Dizziness/ 14 (58.3) 12 (60)
lightheadedness

Depersonalization/ 11 (45.8) 12 (60)
derealization

Losing control/going 12 (50.0) 11 (55)
crazy

Chills/hot flushes 9 (37.5) 10 (50)
Nausea/abdominal 8 (33.3) 9 (45)
distress

Palpitations 8 (33.3) 9 (45)
Sweating 9 (37.5) 7 (35)
Trembling/shaking 7 (29.2) 8 (40)

Data are reported as number of patients (% of
total). P > 0.05 for χ2 analysis of all symptoms.
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consequence of panic attacks in hyperventi-
lation-predisposed individuals (10,24). A
variety of studies have shown that differ-
ences between individuals with and without
PD in measurements of panic during hyper-
ventilation challenges are considerably lower
than those observed in CO2 challenges
(25,26). In addition, PD individuals appeared
to be less compliant with the hyperventila-
tion instructions than the other groups (26).
PD patients are not a homogenous group.
Clinical and laboratory tests can find sub-
groups with importance for theoretical and
therapeutic considerations.

Voluntary breath holding was not previ-
ously found to be a suitable test to measure
suffocation alarm threshold in some PD stud-
ies. Asmundson and Stein (27) compared the
duration of breath holding in PD (N = 23),
generalized social phobia (N = 10), and
healthy subjects (N = 26). The PD group had
a significantly shorter breath-holding dura-
tion than either comparison group but the
groups did not differ in terms of physiologi-
cal response. Roth et al. (28) studied a 30-s
breath-holding test repeated 12 times and
also did not find any physiological support
for a sensitive suffocation alarm system in
PD. van der Does (20) investigated volun-
tary breath holding in PD patients, mood
disorder patients and normal controls and
detected no difference in mean breath-hold-
ing durations. Zandbergen et al. (29) tested
breath holding in a small sample of PD pa-
tients (N = 14), in patients with other anxiety
disorders (N = 14), and in 14 healthy con-
trols. Apnea times appeared to be longer in
the control group. No differences were found
with respect to increase in anxiety during
breath holding. Perhaps our results were dif-
ferent because we used more restricted in-
clusion and exclusion criteria, the PD pa-

tients were severe ones with current sponta-
neous panic attacks, we used clinical scales
and criteria instead of just physiological
measures, and our criteria for panic attack
were clearly specified.

Perhaps the respiratory PD subtype could
be divided into at least two groups: 1) hyper-
ventilation-sensitive subjects and 2) suffo-
cation false alarm-sensitive subjects. These
groups would be sensitive to a respiratory
challenge but the mechanism for a panic
attack would be the low CO2 and a decrease
in basilar arterial blood flow (30) for the
former group, and the increase in CO2 for the
latter (1).

Klein’s “suffocation false alarm” mech-
anism (1) emphasizes the increase in CO2 as
a stimulus for the panic symptoms. The find-
ing opposite to this mechanism, i.e., that
hyperventilation induces panic attacks in PD
if the chemoreceptors are more sensitive to
the hypercapnic rise, would indicate that
subjects should be less likely to panic when
they become hypocapnic. Perhaps the expla-
nation lies in the systemic alkalosis pro-
duced by hyperventilation similar to the lac-
tate infusion test. In support of this idea is a
study by Stewart et al. (31), in which re-
gional cerebral blood flow was measured
during rest and immediately after a lactate
infusion with xenon-133 single-photon emis-
sion computed tomography.

Our study compared the clinical features
of PD patients sensitive to one of two respi-
ratory methods indicating panic attacks, i.e.,
hyperventilation and breath holding. HPA
patients had a higher family prevalence of
the disorder and a later onset of the disease
compared to BHPA patients. This suggests
that these two groups may represent sub-
types of the PD.
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