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Abstract Physiological symptoms are characteristic features of anxiety states.
Presumably, specific psychophysiological profiles differentiate between anxiety
disorders, which would offer potential for diagnostic purposes. Abundant evidence
points to a causal relationship between panic disorder and instability of respiratory
regulation. However, the specificity of most measures that indicate aberrant func-
tioning of the respiratory system in PD can be questioned. Possibly, the traditional
measures of respiratory functioning are too restricted. The underlying respiratory
vulnerability in PD seems to constitute a subtle, unstable trait, which calls for more

M.A. Van Duinen (P<) and E.J.L. Griez

Psychiatry & Neuropsychology, Maastricht University, The Netherlands

V. Niccolai

Institute of Experimental Psychology II, Heinrich-Heine University of Diisseldorf, Germany

M.B. Stein and T. Steckler (eds.), Behavioral Neurobiology of Anxiety and Its Treatment, 229
Current Topics in Behavioral Neurosciences 2, DOI 10.1007/7854_2009_33,
© Springer-Verlag Berlin Heidelberg 2009, published online 2 October 2009



230 M.A. Van Duinen et al.

sensitive and sophisticated measures of respiratory variability and chaos. To
increase the probability of finding parameters with diagnostic specificity, the
application of disorder specific challenge paradigms is recommended.

Keywords Anxiety - Respiration - Panic disorder - Psychophysiology

1 Introduction

The presumably, primal response during the active state of anxiety disorders, shows
many resemblances with a normal defensive response. Autonomic changes
described for the classic stress response include a wide range of physiological
systems including the respiratory and cardiovascular systems. It is conceivable
that specific anxiety disorders show characteristic psychophysiological profiles. In
case the physiological profile of different anxiety disorders could serve as an
objective discriminator, this would not only be of scientific interest, but could
even offer potential for diagnostic purposes.

The provocation of anxiety symptoms under standardized conditions has proven
to contribute to a better understanding of anxiety disorders, both from a behavioral
and biological point of view. Especially in social phobia and panic disorder (PD),
well-defined paradigms are available that reliably provoke specific core phenomena
in affected persons. However, for other anxiety disorders, specific, standardized
challenges inducing the relevant affective state are described to a lesser extent.

Generally, we can state that there are two types of anxiety provocation. Exposure
to exteroceptive stimuli, that is exposing patients to feared situations or stimuli, or
interoceptive exposure in which bodily sensations or disorder-related thoughts are
evoked. One way to evoke bodily sensation is by means of chemical stimulation.
Over the years, quite some compounds have been claimed to provoke instances of
clinical anxiety. However, most of these models have been criticized for their lack
of specificity. In general, biochemical manipulations induce merely a state of
general anxiety rather than symptoms resembling an affective state relevant to the
anxiety disorder under study.

Compared to other anxiety disorders, the induction of specific symptoms by
means of chemical stimulation is best described in PD. It might not come as a
surprise that PD is particularly suitable for chemical symptom induction. The
unexpected attacks with clear bodily sensations are not induced by an external
stimulus but rather appear from an internal distortion.

A noteworthy similarity among most of the pharmacological agents that have
been proposed as specific panicogenics, is the ability to exert a strong influence on
respiration (Calverley et al. 1983; Liebowitz et al. 1984; Charney et al. 1985; Griez
et al. 1987; Bradwejn et al. 1990). Moreover, respiratory symptoms represent a
category that is present during the core phenomenon of PD — the panic attack.
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Consequently, studies focusing on possible dysregulated respiratory patterns in this
particular disorder have strongly increased in the past few decades. Evidence from
these studies show that PD subjects are particularly sensitive to respiratory chal-
lenges. Especially the respiratory subgroup, characterized by prominent respiratory
symptoms during panic attacks, seems to be associated with an increased sensitivity
to respiratory challenges (Maddock and Carter 1991; Valenca et al. 2002). In
addition, this subgroup might present a distinct endophenotype characterized by
an earlier onset of the disorder, more frequent spontaneous panic attacks, a higher
familial prevalence of PD, more previous depressive episodes, and a different
profile with regard to pharmacological responsiveness (Briggs et al. 1993; Nardi
et al. 2006).

The abundant attention for respiration within the field of PD cannot be neglected.
However, for other anxiety disorders, respiratory symptoms have not been the
primary focus. Although sympathetic activity in general has been studied, respira-
tory symptoms were often neglected. Is it because of the evident presence of
respiratory symptoms during panic attacks that respiratory symptoms are princi-
pally reported in studies on PD, or could affected respiration also be an endophe-
notypic trait of other anxiety disorders? In this chapter, we focus on the specificity
of respiratory symptoms for PD and we discuss the peculiarity of the relationship
between respiratory symptoms and different anxiety disorders.

2 Panic-Respiration or Anxiety-Respiration Link?

Respiratory symptoms, such as hyperventilation, dyspnea, and a feeling of choking
or breathlessness are commonly described as prominent symptoms of a panic
attack. With regard to other anxiety disorders, only for generalized anxiety
disorder (GAD) a respiratory symptom has been explicitly mentioned in the DSM
(APA 1994).

Hyperventilation, in particular, is consistently observed during laboratory-
induced panic attacks (Gorman et al. 1986; Papp et al. 1989). Basically, hyperven-
tilation implies breathing in excess of metabolic need, thus lowering arterial pCO,
and resulting in increased pH. Although a fundamental role for hyperventilation in
triggering panic was proposed previously (Ley 1985), it has been demonstrated that
hyperventilation is not a causal mechanism in the initiation of panic. It rather
constitutes one of the many symptoms that can emerge during an attack (Hornsveld
and Garssen 1997).

A second main respiratory symptom in the spectrum of PD is dyspnea, defined as
“breathing discomfort consisting of qualitatively distinct sensations that vary in
intensity”. In an early report of Rapee et al. (1992b), symptom profiles based on
DSM-II-R panic symptoms were compared between PD patients and subjects suf-
fering from other anxiety disorders (social phobia, specific phobia, and obsessive-
compulsive disorder). Subjects were retrospectively questioned on the occurrence of
these specific symptoms during a panic attack or a cued phobic or OCD response.
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All panic symptoms were reported to occur during attacks in both groups, with a
higher prevalence in the PD group for all items. Seven out of fourteen panic symptoms
were reported significantly more often by PD patients among which dyspnea.

Although dyspnea seems to indicate pulmonary obstruction, the occurrence of
dyspnea does not seem to be related to structural changes in the cardiopulmonary
system. On the contrary, severe structural change is not required for the experience
of dyspnea (Dudley et al. 1968). Patients with so-called medically unexplained
dyspnea reported more intense dyspnea than patients with organic lung diseases.
As a symptom, dyspnea depends for its identification on the subjective judgment of
the patient. No objective tests (e.g., blood gas or ventilatory abnormalities) are
available to date. However, Han et al. (2004) showed that subjects with medically
unexplained dyspnea could be distinguished from subjects with organic dyspnea by
using a small set of psychological and physiological measures, including PaO, and
forced expiratory volume in 1 s. Furthermore, one-third of these patients met the
criteria for PD.

In addition to the characteristic occurrence of respiratory symptoms during
panic attacks, an increased prevalence of respiratory diseases has been reported
in PD patients as compared to both healthy control subjects and patients with other
anxiety disorders (Zandbergen et al. 1991). Vice versa, the lifetime prevalence
of PD in patients with asthma is higher than expected in comparison with epi-
demiologic estimates of prevalence in the normal population (Perna et al. 1997;
Nascimento et al. 2002; Potoczek 2005). Both severe asthma in the past 4 weeks
and severe lifetime asthma were associated with a significantly increased like-
lihood of PD (Goodwin et al. 2003). It has been reported that up to 40% of PD
patients have a childhood history of respiratory diseases, particularly asthma and
bronchitis (Verburg et al. 1995b). Furthermore, an increased incidence of PD
in patients suffering from chronic obstructive pulmonary disease (COPD) has
been reported (Karajgi et al. 1990). Interestingly, respiratory disorders and PD
have been found to run in the same families. A common genetic susceptibility for
PD and respiratory disorders has been suggested (Coryell et al. 2001; van Beek
et al. 2005).

Unlike other anxiety disorders, the link between respiration and PD is explic-
itly mentioned in the most fundamental theories on the mechanisms of PD. Ley
(1985) stated that unexpected somatic events (dyspnea and palpitations, in partic-
ular) are the consequence of a rise in blood alkalosis produced by hyperventila-
tion. According to this theory, the occurrence of hyperventilation is a necessary
factor for the occurrence of panic. In the past, a so-called hyperventilation
provocation test was used to diagnose chronic hyperventilation. This method
lacked both sensitivity and specificity and the diagnosis of hyperventilation
syndrome appeared untenable (Hornsveld and Garssen 1996; Hornsveld et al.
1996). A second, quite influential, theory that attempts to explain panic suggests
that panic attacks result from the catastrophic misinterpretation of certain internal
bodily sensations (Clark 1986). The misinterpreted sensations are mainly those
involved in normal anxiety responses (e.g., breathlessness). Clark suggested that
the catastrophic misinterpretation of sensations accompanying hyperventilation
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plays an important role in panic attacks. A third more biological theory proposed
that CO, hypersensitivity in PD patients results from the malfunctioning of a
“suffocation monitor”. Normal shifts in physiological states, more specifically
increased pCO, or decreased pH, are misinterpreted initiating a false alarm, i.e.,
panic attack (Klein 1993). In case this last theory would proof to describe the
actual underlying mechanism of panic, malfunctioning of a critical system directly
related to respiration is confirmed. This would explain most of the respiratory
variability in PD and, at the same time, it would imply the specificity for this
particular disorder.

3 Respiratory Variables in PD

The abundant literature concerning the link between respiration and PD clearly
shows that this topic has stimulated researchers and inspired theories. The hypoth-
esis of impaired respiratory functioning has led to studies investigating a plethora
of respiratory parameters, such as respiratory rate (RR), partial pressure of CO,
(pCO,), tidal volume (TV), minute volume (MV), and more sophisticated techni-
ques including approximate entropy. We recently reviewed the literature on respi-
ratory parameters in PD (Niccolai et al. 2009). The following is based on the
outcomes of this review.

3.1 Respiratory Rate

The easiest indicator of respiratory functioning is probably RR. Studies that inves-
tigated RR during baseline and resting conditions have consistently shown similar
values in PD patients and controls. The same outcome was reported by one
ambulatory monitoring study (Hoehn-Saric et al. 2004) and investigations during
sleep onset and sleep (Koenigsberg et al. 1994; Stein et al. 1995). Different RR in
PD patients compared to control subjects was found in some studies (Maddock and
Carter 1991; Munjack et al. 1993; Wilhelm et al. 2001b), but the methodological
design of these studies may well have influenced the outcomes.

With regard to panicogenic challenges, a similar result was found. Most studies
measuring RR during the challenge phase did not find a different pattern in PD
patients compared to controls. These studies involved either lactate infusion or 5%
CO, inhalation (Schwartz et al. 1996; Rapee et al. 1992a; Bystritsky et al. 2000) as a
respiratory challenge. One study reported increased RR in PD subjects 3—6 min
after the start of lactate infusion during sleep (Koenigsberg et al. 1994). However,
the difference between groups did not reach significance and, according to the
authors, the increase was not impressive or consistent. Papp et al. (1993b) found
higher RR in PD subjects compared to controls using the 35% CO, inhalation for 30 s.
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However, this procedure is hardly comparable with others involving CO, inha-
lation. To our knowledge, this has never been replicated.

It has been proposed that PD patients are insufficiently capable of maintaining
homeostasis (Perna et al. 2004). In this regard, it is very interesting to consider
recovery from challenges when homeostasis needs to be restored. A few studies
investigated RR during recovery from respiratory challenges. Two studies found
higher doxapram induced RR in PD subjects than in controls (Lee et al. 1993;
Abelson et al. 1996). Rapee et al. (1992a) found similar RR between medicated PD
patients and controls following 5.5% CO, inhalation.

3.2 Partial Pressure of CO,

Numerous studies have focused on baseline pCO,. Outcomes show two major
directions: towards diminished or towards similar pCO, levels in PD subjects
compared to controls. The evidence for lower pCO, in PD patients than in healthy
controls is most convincing as evidence comes from studies involving large sample
size and focusing on resting conditions (Gorman et al. 1986; Papp et al. 1997;
Liebowitz et al. 1985; Wilhelm et al. 2001b; Munjack et al. 1993; Ponto et al. 2002;
Gorman et al. 1988; Rapee et al. 1992a; Holt and Andrews 1989). They provide true
basal measurements, unbiased by the expectations of a challenge. Among those
who did not report a difference in pCO, values between groups are studies with
notable limitations concerning small sample size (Maddock and Carter 1991; Ponto
et al. 2002; Kellner et al. 1998; Koenigsberg et al. 1994; Wilhelm et al. 2001a) or
subjects’ medication status (Pain et al. 1988; Holt and Andrews 1989; Rapee et al.
1992a). Antipanic medication can modulate respiratory physiology (Papp et al.
1993a; Gorman et al. 1997). Specifically, successful treatment of PD has been
shown to normalize pCO, by increasing its values (Gorman et al. 1985).

Studies investigating the challenge phase have used either lactate infusion or
inhalation of different concentrations of CO,. During lactate infusion, PD subjects
consistently showed decreased pCO, levels (Gorman et al. 1986; Liebowitz et al.
1985; Kellner et al. 1998) or a trend towards lower values (Koenigsberg et al. 1994).
Moreover, in these studies nonpanicking patients and controls were compared and
lower pCO, was reported for the first group.

Studies applying CO, inhalation found comparable results. Lower (Papp et al.
1997) or a trend towards lower (Ponto et al. 2002) pCO, levels in PD subjects
compared to controls have been reported during the continuous inhalation of CO,
concentrations around 6%. A few studies did not find a group difference, but they
showed limitations concerning medication status, sex distribution (Rapee et al.
1992a), and type of challenge (Gorman et al. 1990). A different case is the 35%
CO; inhalation challenge, in which a single vital capacity breath is taken and
hypercapnia is immediate and lasts for about 7-16 s after exhalation (van den
Hout and Griez 1985). Studies investigating pCO, level during the 35% CO, inhal-
ation are limited, which is not surprising since the challenge procedure formally
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exists of one inhalation and a breath holding period. Ponto et al. (2002) applied this
challenge, followed by 10 s of rebreathing, and found lower pCO, levels in PD
subjects than in controls.

Few studies have investigated the pCO, response during recovery from a
challenge. Findings consistently report lower pCO, in PD patients compared to
controls after both doxapram injection and CO, challenge. Lee et al. (1993) found
lower pCO, in PD subjects compared to controls for the last 7 min of a 9-min
recovery period from doxapram injection. Abelson et al. (1996) investigated 20 min
of recovery from doxapram and reported reduced pCO, in PD subjects compared to
controls persisting throughout the recovery phase and reaching significance during
the last 5 min. After CO, inhalation, results consistently showed that lower pCO, in
PD patients compared to controls was maintained for several minutes (Gorman
et al. 1988, 1990; Papp et al. 1997). To our knowledge, only one study has reported
similar pCO, values in PD subjects and controls during 7 min of recovery from
5.5% CO, inhalation (Rapee et al. 1992a). However, one major limitation of this
study was that medication was not stopped before the test day, which makes the
results less reliable. Moreover, as shown by other studies focusing on recovery
phase, it appears that group differences in pCO, levels emerge after a period of
time. It is possible that measuring challenge effects during recovery for only 7 min
prevent finding a group difference in pCO,.

3.3 Tidal Volume and Minute Volume

Findings from studies investigating TV and MV during baseline, sleep, or resting
condition have mainly shown increased values in PD subjects compared to controls
(Pain et al. 1988; Gorman et al. 1990; Stein et al. 1995; Abelson et al. 1996;
Wilhelm et al. 2001b) or a tendency toward higher values in the PD group
(Martinez et al. 1996; Papp et al. 1997). No evidence of lower TV and MV in PD
patients compared to controls has been found. Some studies have reported no
differences in TV and/or MV in PD subjects relative to healthy subjects (Gorman
et al. 1988; Papp et al. 1993b; Yeragani et al. 2002).

The very few studies focusing on TV or MV during a respiratory challenge
and/or the recovery period have shown inconsistent results. Normal TV in PD
patients during respiratory challenges has been described (Abelson et al. 1996).
Different TV reactivity between groups during recovery from 5% CO, inhalation
has been reported as well (Papp et al. 1997). When subjects switched to room air,
TV restored more slowly in patients than in controls. This was interpreted as a
physiological response to CO, intolerance. Higher MV in PD subjects than in
healthy subjects was found during a 30-s lasting 35% CO, inhalation (Papp et al.
1993b) and during recovery from doxapram injection (Lee et al. 1993; Abelson
et al. 1996).

Overall, it appears that PD patients show a different reaction than controls to
respiratory challenges with regard to their TV and MV.



236 M.A. Van Duinen et al.

3.4 Respiratory Variability, Sighing, and Approximate Entropy

Several studies found increased respiratory variability in PD subjects compared
to controls during both baseline and resting conditions. Respiratory variability
provides insight into fluctuations in respiration, which may play a role in suscepti-
bility to panic (Wilhelm et al. 2001a). Abnormal respiratory regulation appears to
render PD subjects more susceptible to heightened concentration of CO, in inhaled
air (Martinez et al. 2001). In fact, PD subjects who panicked after CO, inhalation
demonstrated the largest baseline respiratory variability in TV and MV. Other
studies have confirmed increased baseline TV or MV variability in PD patients
compared to controls (Gorman et al. 1988, 2001). Interestingly, Abelson et al.
(2001) found that the increased TV irregularity in PD subjects was observed
throughout the three phases of the experiment (adaptation, placebo, and postdox-
apram phase). This stable respiratory feature may be suggestive of dysregulated
neural circuits in the brainstem or midbrain levels in PD patients. Consistent with
this, studies investigating sleep reported higher TV or MV variability in PD sub-
jects compared to controls (Stein et al. 1995; Martinez et al. 1996). Presuming that
sleep is a state during which anxiety is limited, these results could suggest that
increased erratic breathing found in PD patients during baseline represents a
physiological endophenotype. Increased respiratory variability in PD patients
has also been found during recovery from the 35% CO, challenge. In a recent
study from our laboratory, nonmedicated patients showed increased variability in
both RR and pCO, compared to controls and medicated PD subjects (Niccolai
et al. 2008).

More frequent and prominent sighs have been suggested to account for larger
TV variability in PD patients compared to controls (Stein et al. 1995; Abelson
et al. 2001). A higher frequency of sighs in PD subjects has been reported during
resting state (Wilhelm et al. 2001a; Yeragani et al. 2002; Caldirola et al. 2004),
baseline, and during/after a challenge (Schwartz et al. 1996; Abelson et al. 2001).
It has also been found that patients had greater sighs than controls (Wilhelm et al.
2001a). Only one study did not find differences in the number of sighs between
groups during sleep (Stein et al. 1995). However, the authors acknowledged that
the enormous variability in sigh frequency shown by normal adults during sleep
and the small sample size might explain the negative finding. Breath-by-breath
variation in TV manifested by sighing is suggestive of a robust and fairly stable
marker in PD patients (Abelson et al. 2001). Although the presence of sighs
may not fully explain the irregularity in breathing patterns (Caldirola et al. 2004),
it could contribute to the identification of respiratory etiopathological pathways
in PD.

Apneic episodes also importantly contribute to respiratory variability. These
episodes can be described as the absence of respiratory movement for a period of
time that may range from I to 10 s. The higher number and the longer duration of
apnea episodes appeared to distinguish PD patients from normal controls during
baseline (Bystritsky and Shapiro 1992). Also, more frequent apnea episodes during
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baseline seemed to predict panic attacks during CO, inhalation, both in patients and
controls. Increased length and number of breathing pauses and increased variability
in length of breathing cycle were found during baseline in panicking patients
compared to the nonpanickers and normal controls by the same authors in a
successive study (Bystritsky et al. 2000). The breathing pauses were found to
persist or worsen during CO, inhalation. More frequent pauses in PD subjects’
breathing relative to controls have also been found during sleep (Stein et al. 1995).

Results from studies applying approximate entropy, a measure of regularity of
time series, are in line with the traditional measures of respiratory parameters
(standard deviation and coefficient of variation). These findings suggest that PD
subjects not only have a greater overall variability, but also a more chaotic pattern
of breathing. Specifically, greater entropy in the respiratory function is suggestive
of an intrinsic instability in the respiratory homeostasis, which would explain why
hypercapnic challenges act as “disrupting factors” in PD patients, leading to panic
attacks (Caldirola et al. 2004).

4 Respiration and Phobias

Phobias are particularly suitable to be subjected to psychological paradigms. These
instances of acute fear are characterized by symptoms that transpire in specific
situations. The physiological symptoms of an acute phobic reaction largely resem-
ble the symptoms of a panic attack. In fact, phobic responses are often referred to as
panic attacks, even though diagnostically, panic attacks are unexpected, spontane-
ous attacks, not triggered by a specific stimulus.

In essence, symptoms can be triggered by exposing patients to a phobic stimulus.
The drawback of this kind of manipulation is that there is a myriad of possible
approaches, resulting in a lack of standardization.

Basically, there are two different approaches — in vivo, and imaginal exposure —
each with its own positive and negative aspects. The obvious advantages of
imaginal exposure are the relative ease with which it can be conducted and its
low costs. There are no special requirements other than a quiet room. However, it is
hard to control the actual state of mind of the patient. Concerning in vivo exposure,
basically, there are two options. Exposing the subject to the actual feared object or
situation, such as a spider in spider phobia, or showing the subject images or movies
of the relevant subject. Although the first might evoke the stronger reaction, the
procedure has some drawbacks. It is often time consuming, guarantees little control
over the environment, and can be costly. A great advantage of movies or pictures, is
that it allows to study the responses to visual stimuli in, for example, fMRI
paradigms. An alternative that is currently gaining more attention and which can
be considered as a third option, is confrontation in a virtual environment.

In the following sections, some striking findings on respiratory symptoms in the
different phobias are presented.
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4.1 Social Phobia

Some interesting links exist between social phobia and PD (Horwath et al. 1995;
Caldirola et al. 1997). From a diagnostic point of view, it can be difficult to
distinguish a true unexpected panic attack from a situationally triggered attack in
a socially phobic person. Symptomatically, there are many resemblances. The main
discriminator are the cognitions of the patient during the attack. Whereas the social
phobic will be afraid of the scrutiny and judgment of others, the PD patient will be
mainly afraid of dying (suffocation), losing control, or going crazy. Remarkably,
there have been some reports that showed increased sensitivity in social phobics for
carbon dioxide (Gorman et al. 1990; Papp et al. 1993b; Caldirola et al. 1997).
Unfortunately, the specific effect on respiratory symptoms was not addressed. In
contrast, Pine et al (2000) subjected children who were diagnosed with social
phobia to a 15-min period of 5% carbon dioxide inhalation and found no symptom-
atically defined hypersensitivity for carbon dioxide. However, this group consisted
of only 10 children.

Public speaking tasks have been validated, in particular the Trier Social Stress
Test (Kirschbaum et al. 1993), and activation of the sympathetic nervous system in
social phobics during social confrontation has been demonstrated (Gerlach et al.
2003). However, despite the possible link between PD and social phobia and the
distinct sympathetic activation during exposure, possible respiratory correlates of
this disorder have not been addressed.

4.2 Blood Injury Phobia

Generally, acute anxiety states or, in other words, fear states, are known to be
accompanied by sympathetic activation. Blood injury phobia (BIF) presents a bit of
a difference in this regard. The vasovagal syncope, or presyncope, that often results
from confrontation with the feared stimulus in BIF underlines not only a strong
sympathetic response, but it could be related to an abnormal hemodynamic
response, possibly not specifically related to the phobia itself (Accurso et al. 2001).

Respiratory symptoms have been addressed in some studies involving persons
suffering from BIF. Respiration rate was measured under different circumstances
among which were fear related and control movies. Sarlo et al. (2002) did not find a
difference in RR between those different conditions. This finding was confirmed by
Ritz et al. (2009) who also included a healthy control group. Interestingly, the latter
authors included other respiratory parameters in addition to RR in which they did
find differences. Specifically, during surgery films, MV and TV were significantly
increased in BIF patients. In addition, irregularity of TV showed strong increases
and there was a trend towards an increased sigh frequency in the movie condition.
Concordantly, reduced pCO, levels have been reported by the same group (Ritz
et al. 2005, 2009). In conclusion, there seems to be some indication that respiration
is affected in BIF, especially during the acute state.
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4.3 Other Phobias

The number of possible phobias is more or less endless. Even though the acute
phobic response can be accompanied by a strong increase in respiration rate,
detailed information on respiratory variables is limited. In a very early study of
Prigatano and Johnson (1974), respiration rate and respiration amplitude in 11
spider phobic females was described in response to confrontation with pictures of
spiders. No increase in RR was found in spider phobics during picture viewing both
compared to a control group and to control slides. There was a trend towards
significance with regard to respiration amplitude. Spider phobics showed larger
respiratory amplitude in response to spider slides as compared to seaside or surgery
slides. Yet, there was no difference in amplitude when phobic subject and controls
were compared during the spider condition.

Two other phobias that have been described in literature with regard to respira-
tion are driving and flying phobias. In both studies, respiratory variables were
measured during real-life exposure. Wilhelm and Roth (1998) determined several
respiratory variables in 14 flight phobics during a 12-min flight. Inspiratory pause
showed the best discriminant validity for distinguishing phobics from controls, with
phobics demonstrating extended pauses after inspiration of more than 20 s. A group
effect was found for duty cycle, an index of inspiratory timing defined as inspiratory
time/total breath time. This indicates a more tonic difference between the groups,
possibly affected by anticipatory anxiety and differences in recovery. The remain-
ing respiratory variables that were measured, knowing RR, MV, inspiratory flow
rate, TV irregularity, did not discriminate between phobics and controls. A second
study assessed multiple respiratory variables in 21 females suffering from driving
phobia (Alpers et al. 2005). Differences between the control and the phobic group
with regard to exposure were found for four different respiratory variables. Phobics
showed lower ET pCO, during driving, and the effect size for distinguishing groups
based on pCO, was large. Sigh rate showed a group effect with higher rates in
phobics and duty cycle increased from quiet sitting to exposure, which was not the
case in the control group. Additionally, respiratory variables related to pCO2 and
sighing were determined. Larger variability in TV was present in phobics. Differ-
ences in mean RR and TV were not statistically significant.

S Obsessive-Compulsive Disorder

Studies describing respiratory variables in obsessive-compulsive disorder (OCD)
are rather scarce. Nevertheless, all of the relevant challenge paradigms have been
described with the inclusion of respiratory parameters. Patients were studied under
three conditions: relaxation, imaginal flooding, and in vivo exposure (Zohar et al.
1989) and during general stress tasks (Hoehn-Saric et al. 1995).

An early study by Zohar et al. (1989) included both RR and pCO,. In vivo
exposure resulted in anxiety ratings and obsessive-compulsive ratings that were
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statistically higher than during imaginal exposure, which might lead to the conclu-
sion that imaginal exposure is not as effective in evoking symptoms as real-life
exposure. Blood pressure and heart rate were found to be significantly increased in
the exposure trials as compared to the relaxation phase, but for both respiratory
parameters no such effect was found. Unfortunately, this study included only 10
OCD patients and the variance in respiratory symptoms was rather large. Neverthe-
less, in contrast to the other physiological symptoms, pCO, values were lower
during imaginal exposure than during relaxation. Strangely enough, during in vivo
exposure, values equaled pCO, values obtained from the relaxation phase. Hoehn-
Saric et al. (1995) subjected 23 OCD patients to two nonspecific stress tasks: the
Divided Attention Task and the Risk Taking task. Physiological measurements
included respiratory frequency but no group x task interaction effect was
described for this variable. In this study, a decrease rather than an exaggeration
of the physiologic response during psychological stress was described.

6 Generalized Anxiety Disorder

Somewhat more work has been performed on respiratory parameters in GAD. It
might not be a coincidence that respiratory variables have received most attention
in PD and GAD. In the DSM-II-R, “shortness of breath or smothering sensations” is
described as a GAD symptom, whereas in other anxiety disorders other than GAD
and PD, distinct descriptions of respiratory symptoms are not explicitly mentioned.

In an early study, Hoehn-Saric et al. (1989) performed a comparable study as
described at the OCD section. Twenty female patients suffering from GAD were
compared to a matched control group during baseline and during stress tasks. No
differences in autonomic activity were reported during baseline. The stress tasks
resulted in an increased respiratory frequency in both groups. Although GAD
subjects reported increased difficulty in breathing during the tasks, respiratory
frequency did not show a significant difference between groups in any of the
conditions.

A more extended study (Wilhelm et al. 2001b) measured several respiratory
variables during rest, including RR, TV, MV, duty cycle, inspiratory flow rate, ET
CO,, sighs, and apneas. In addition, breath-to-breath variability by Complex
Demodulation was assessed as a measure of instability. Fifteen GAD patients
were directly compared to PD patients (n = 15) and healthy control subjects
(n = 19). Most respiratory variables were increased in PD patients as compared
to the control group. GAD patients showed intermediate values, not significantly
different from control values on any of the parameters. Duty cycle was significantly
increased in GAD patients as compared to PD subjects. Group x time interactions
were found for MV and inspiratory flow rate. Remarkably, GAD subjects showed a
different response over time. GAD subjects showed a decline, whereas the other
two groups slightly increased. The inclusion of variability indices proved valuable.
None of the electrodermal or cardiovascular measures showed group effects,
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whereas all of the respiratory variables did. This might indicate that respiratory
variables are more sensitive indicators of anxiety or that they show better discrimi-
native ability. Both patient groups showed increased variability as compared to
controls on RR, TV, MV, and duty cycle. Variability in TV and MV was even larger
in PD patients as compared to GAD patients, although the difference in TV
disappeared when data was corrected for sighs. Six out of sixteen PD patients
panicked during testing, and one GAD patient reported a symptomatic attack.
Analyses were reproduced with exclusion of these subjects. As a result, some
variables, among which duty cycle, lost significance. Removing these subjects
resulted in an increased discriminative ability for pCO,, for which this parameter
became significantly smaller in PD patients as compared to GAD patients as well.
In itself, this might seem counterintuitive. One would expect that during a panic
attack, hyperventilation is most pronounced, resulting in decreased pCO, values.
Yet, removing this specific group leaving only 10 PD, results in a significant
difference between PD and GAD subjects. This seems to imply that the panicking
subjects were responsible for increased variability.

Another direct comparison between PD and GAD patients was performed by
Hoehn-Saric et al. (2004). Forty GAD subjects were compared to twenty-six PD
patients and twenty-four control subjects during everyday activities. The only direct
indication of respiratory functioning was RR. Subjectively, patients reported more
difficulty breathing during the 6-h recording than control subjects. In PD subjects,
this showed a sixfold increase during times when panic was reported. RR did not
differentiate between groups. In addition, no statistically significant effects were
found in the analysis of the relationship between RR and difficulty of breathing.

7 Posttraumatic Stress Disorder

Only limited information exists on respiratory variables in Posttraumatic Stress
Disorder (PTSD). In PTSD, vivid memories or flashbacks can be accompanied by
different autonomic symptoms including respiratory symptoms. In addition,
increased heart rate and RR following a traumatic event have claimed to be
predictors of subsequent PTSD (Bryant et al. 2008). One recent study (Blechert
et al. 2007) describes different variables during a 5-min baseline period and during
threat of shock in 23 PTSD patients, 26 PD patients, and 32 healthy control subjects.
The following respiratory parameters were assessed: RR, TV, MV, duty cycle, sigh
frequency, inspiratory flow rate, ET CO,, and ribcage contribution to TV. Varia-
bility of respiratory cycle duration and TV was assessed using complex demodula-
tion (frequency band: 0.004-0.14 Hz). Differences in respiratory variables were
only found during baseline. Both patient groups had lower pCO, values as com-
pared to control subjects, but this difference reached statistical significance only in
the PD group. pCO, values in PTSD and PD patients were not statistically different.
Additional differences in respiration were reported for sighing and ribcage contri-
bution to TV. PTSD patients, but not PD patients, sighed more than control subjects
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during baseline. Furthermore, PTSD patients showed less thoracic and more
abdominal breathing than the other groups, indicated by lower ribcage contribution.
None of the respiratory variables could discriminate between the diagnostic groups.

Unfortunately, to our knowledge there are no reports on respiratory variables in
PTSD in which subjects were subjected to a disorder specific provocation para-
digm, such as personalized trauma-related imagery, script-driven imagery method,
or just simple exposure to trauma-related cues.

8 Discussion

The obvious abundance of literature on respiratory variables in PD is not remark-
able considering the evident links between this physiological system and this
specific psychiatric disorder. The frequent occurrence of respiratory symptoms
seems relatively specific for PD, although respiratory symptoms have been
described in other anxiety disorders as well. This is not surprising in itself, since
increased RR is a normal physiological response to fear and anxiety — affective
states that are characteristic for any anxiety disorder.

An important role of hyperventilation in PD has been suggested in different
theories. Even though it has been shown that hyperventilation is not causally related
to the occurrence of panic attacks, hyperventilation might be a phenomenon related
to PD. As extensively reviewed by Niccolai et al. (2009), PD patients demonstrate
decreased pCO, values under normal physiological circumstances and during
respiratory challenges. With regard to basal values, different explanations have
been suggested. Chronic hyperventilation would obviously explain low pCO, levels
in PD subjects (Gorman et al. 1986). It has been proposed that chronic hyperventi-
lation serves to maintain low levels of pCO, in order to avoid triggering of the CO,
sensors. According to Klein’s suffocation false alarm theory, triggering of these
sensors would set off false alarms in these hypersensitive subjects. On the other
hand, the great majority of studies do not show increased RR in PD subjects, which
would be indicative of hyperventilation. However, chronic hyperventilation can
also depend on TV. Increased TV has repeatedly reported in PD patients (Pain et al.
1988; Gorman et al. 1990; Stein et al. 1995; Abelson et al. 1996; Martinez et al.
1996; Papp et al. 1997; Wilhelm et al. 2001b). In other words, this indicates PD
patients do not breathe faster, but breathe deeper than unaffected persons. More-
over, using disorder-specific challenges, MV and TV were increased in panicking
patients as compared to nonpanicking PD subjects (Gorman et al. 1988). However,
this is true for some specific phobias as well (Prigatano and Johnson 1974; Ritz
et al. 2009), questioning the specificity of this measure. In contrast to resting
conditions, increased RR has been found during panicogenic challenges in PD
(Gorman et al. 1988, 2001). To our knowledge, this has not been reported for
other anxiety disorders, with the limitation that data on respiratory parameters
during disorder-specific challenges is scarce. Before drawing definite conclusions
from this, one has to keep in mind that the validity of these indices as diagnostic
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tools of chronic hyperventilation is questionable. The ultimate measures of hyper-
ventilation are pCO,, pH, and bicarbonates (Munjack et al. 1993). These very
parameters have been investigated in PD patients by Gorman et al. (1986) using
venous blood samples in rest. Mixed chronic and acute respiratory alkalosis was
found, both characterized by low pCO, values and normal and elevated pH,
respectively. In a subsequent study by the same group (Papp et al. 1989), arterial
instead of venous pCO, was measured. Results were consistent with acute, but not
chronic hyperventilation. In concordance, absence of chronic hyperventilation in
PD patients was also reported in a more recent study investigating arterial blood
gases (Zandbergen et al. 1993).

Clear insight into the issue of chronic hyperventilation may be provided by
ambulatory monitoring studies. While experimental respiratory challenges directly
influence respiration by provoking alkalosis or acidosis, ambulatory studies mea-
sure transcutaneous pCO, in a naturalistic setting. Therefore, data from ambulatory
studies have greater external validity than those obtained in the laboratory, which,
as a stressor-condition, may also influence psychophysiological recordings intrin-
sically. One study focusing on PD subjects reported no difference in transcutaneous
pCO, between panic attacks and nonpanic control periods (Garssen et al. 1996).
Despite the great value of ambulatory studies, to our knowledge no studies on pCO,
in PD that included a control group, are available to date, possibly with the
exception of one sleep study. During sleep onset, which is likely to be a good
reflection of physiological activity at rest, no difference in pCO, was found between
PD patients and control subjects (Koenigsberg et al. 1994). Even though more
research needs to be performed, from the available data we can conclude that there
are no clear indications of chronic hyperventilation in PD.

In addition to PD, reduced pCO, has been reported in BIF (Ritz et al. 2005) and
driving phobia (Alpers et al. 2005) during disorder specific stress. Driving phobia
has been associated to PD (Curtis et al. 1989), which could explain overlapping
symptom profiles. However, this has been disputed by others (Antony et al. 1997).
Lower baseline pCO, was found in both PD and in a mixed non-PD anxiety group
consisting of mainly OCD patients and social phobics (van den Hout et al. 1992).
In addition, Blechert et al. (2007) found decreased baseline pCO, values in PTSD
patients that were not statistically from values of a group of PD patients. This
indicates that decreased pCO,, indicative of hyperventilation, is not specific for
PD. Holt and Andrews (1989) suggested that hyperventilation may be intimately
tied to anxious affect. The more anxious patients are, the more likely they are to
show reduced pCO, levels. Furthermore, an explanation for decreased pCO, levels
in anxiety disorders in general could be provided by increased levels of anticipa-
tory anxiety. This is especially relevant when baseline values preceding an experi-
mental stress paradigm are considered. Bystritsky et al. (2000) suggested that
larger fluctuations in baseline breathing patterns in PD patients compared to
controls are likely to reflect anticipatory anxiety. This could also apply to other
anxiety disorders. The above seems to suggest that decreased pCO, does not
constitute a specific trait marker of PD, but might be an indication of the current
anxiety level.
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In addition to decreased pCO, levels, both an increased frequency of sighs and
greater sighs has been reported in PD (Schwartz et al. 1996; Abelson et al. 2001;
Wilhelm et al. 2001a; Yeragani et al. 2002; Caldirola et al. 2004). It has been
suggested that sighing adaptively keeps pCO, values below a depressed suffocation
alarm threshold (Klein 1993). However, it should be noted that, in one of the studies
reporting a higher rate of sighs in PD patients, the sighing pattern did not appear to
be stimulated by increased pCO, or reduced TV (Wilhelm et al. 2001a). Another
possible explanation for the adaptive effect of sighs is that they are efforts to
overcome breathlessness (Klein 1993). Abelson et al. (2001) suggested that fre-
quent sighing is a compensatory response in an attempt to reduce the sensation of
dyspnea. According to others, it is more specific since sighing would distinguish
between patients with chronic anxiety having frequent episodes of dyspnea from
patients with various lung diseases (Tobin et al. 1983). However, with regard to the
specificity of sighing for PD as compared to other anxiety disorders, some reserva-
tions have to be mentioned. A higher frequency of sighs in PD subjects has been
reported (Schwartz et al. 1996; Abelson et al. 2001; Wilhelm et al. 2001a; Yeragani
et al. 2002; Caldirola et al. 2004). However, increased levels of sighing as com-
pared to control subjects has been reported in BIF (Ritz et al. 2009), driving phobia
(Alpers et al. 2005), and PTSD (Blechert et al. 2007) as well, which seemed to be
trait dependent and most pronounced for the latter two. In fact, the study in PTSD
even showed increased sighing in PTSD as compared to PD subjects during a
baseline period. Even though there is only limited data available on sighing in
anxiety disorders, this does raise doubt on the specificity of this symptom for PD.

The increased comorbidity with respiratory disorders such as asthma and COPD
that is often reported in PD, has also been described in other anxiety disorder
but far less pronounced (Brenes 2003; Goodwin et al. 2003; Patten and Williams
2007). The fact that PD and respiratory disorders run in families, points to a shared
genetic susceptibility, a trait that has not been reported for other anxiety disorders.
This could indicate a specific vulnerability in PD patients related to the respiratory
system. As a result, exaggerated fluctuations in biological substrates important
for the regulation of respiration may emerge, that do not reach the threshold of
conscious awareness. In line with this, increased variability and more chaotic
breathing patterns have been described in PD (Wilhelm et al. 2001b; Yeragani
et al. 2002; Caldirola et al. 2004). Although increased variability seems to be a
promising candidate for a specific marker of panic, it has been reported in other
anxiety disorders as well. In GAD, increased variability compared to values in
control subjects was reported for RR, TV, MV, and duty cycle during quiet sitting
(Wilhelm et al. 2001b). This study included both GAD and PD subjects. Only TV
irregularity showed significantly increased values in PD subjects caused by sigh-
ing. Another study comparing healthy controls, PTSD and PD subjects during rest
and during anticipation of electrical shock describes measures of variability in TV
and respiratory cycle duration. No differences between either patient group or
controls was described and it was reported that none of the respiratory variables
discriminated between diagnostic groups. The only study describing respiratory
variability during the active state was performed in driving phobics. A larger
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variability in TV was reported in phobics as compared to control subjects during
in vivo exposure.

Respiratory output is a physiological signal with complex dynamics that are not
easily captured by linear statistics such as mean and standard deviation. A number
of studies have, therefore, focused on nonlinear measures of respiration, which are
likely to unravel the breath-by-breath complexity of respiratory dynamics. These
more sophisticated measures include approximate entropy and other measures of
chaos. Some studies have reported greater instability and higher levels of respira-
tory irregularity and complexity in PD subjects compared to healthy subjects in
pCO,, RR, TV, MV, and/or duty cycle (Wilhelm et al. 2001b; Yeragani et al. 2002;
Caldirola et al. 2004).

The suggested inability of PD patients to preserve respiratory homeostasis
explains the increased vulnerability of PD patients to specific panicogenic chal-
lenges. As stated before, these experimental procedures, in particular CO, inhala-
tion, lactate infusion, and cholecystokinin infusion are known to exert a strong
influence on respiration (Calverley et al. 1983; Liebowitz et al. 1984; Charney et al.
1985; Griez et al. 1987; Bradwejn et al. 1990). PD patients specifically show a more
pronounced response to these challenges than both healthy control subjects and, in
many instances, people suffering from other anxiety disorders (Den Boer et al.
1989; Cowley and Arana 1990; Bradwejn et al. 1991; van Megen et al. 1996; Perna
et al. 1995; Verburg et al. 1995a). Comparable to other medical conditions, these
provocation tests challenge the affected system and magnify subtle aberrations that
otherwise may remain undetected. In addition, the fact that PD patients of the
respiratory subtype show the most prominent response might point to a relationship
between the degree of malfunctioning of the respiratory system and the response to
provocation of this system. In fact, even in healthy volunteers the affective response
to different dosages of carbon dioxide shows a dose response relationship, which is
best predicted by respiratory symptoms (Colasanti et al. 2008).

In conclusion, even though disturbed respiration seems related to PD in many
ways, simple, linear, measures of respiration do not discriminate between PD and
other anxiety disorders. Since sympathetic activation, including respiratory adapta-
tion, is such a general response to many situations, it should not come as a surprise
that other conditions characterized by high anxiety levels show signs of affected
respiration as well. Responses to general stress can differ substantially from
responses to specific challenges. In PD, respiratory responses to panicogenic
challenges have received major attention. Unfortunately, this is not the case for
other anxiety disorders. Therefore, it seems too early to draw final conclusions on
the specificity of respiratory symptoms with regard to the acute state. A related
topic that deserves more attention is recovery. Assuming that PD is characterized
by instability of the respiratory system, recovery after strong provocation of this
system should be affected. Indeed, investigation of the recovery phase after either
doxapram injection or CO, inhalation revealed lower pCO, and higher RR in PD
patients compared to controls (Gorman et al. 1988, 1990; Lee et al. 1993; Abelson
et al. 1996; Papp et al. 1997). To our knowledge, there are no reports on respiratory
variables during recovery from acute state symptoms in other anxiety disorders.
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Moreover, the underlying respiratory vulnerability in PD might not be a stable
trait, which calls for more sensitive and sophisticated measures of respiratory
variability, such as approximate entropy. Unfortunately, again this has been insuf-
ficiently investigated in other anxiety disorders to draw any conclusions.

At this point, there does not seem to be concrete evidence of a specific respira-
tory marker in PD. In fact, most parameters proved not to be specific. However,
there are a few promising candidates left, coming from more sensitive and sophis-
ticated methods that needs to be assessed in other anxiety disorders, preferably
during or following disorder specific challenge paradigms.
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