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Abstract
Currently, panic disorder (PD) is considered a mental disorder based on the
assumptions that panic attacks (PAs) are “false alarms” that arise from
abnormally sensitive defense systems in the central nervous system and that
PD is treated with therapies specifically acting on anxiety or fear mechanisms.
This article aims to propose an alternative perspective based on the results of
some experimental studies. Our heuristic proposal suggests not only that PD
may be a mental disorder but also that patients with PD have real abnormal
body functioning, mainly involving cardiorespiratory and balance systems,
leading to a decline in global physical fitness. PAs, as well as physical
symptoms or discomfort in some environmental situations, may be “real alarms”
signaling that the adaptability resources of an organism are insufficient to
respond appropriately to some internal or external changes, thus representing
the transient conscious awareness of an imbalance in body functioning. The
antipanic properties of several modern treatments for PD may include their
beneficial effects on body functions. Although anxiety or fear mechanisms are
evidently involved in PD, we hypothesize that a reduction of physical fitness is
the “primum movens” of PD, while anxiety or fear is induced and sustained by
repeated signals of impaired body functioning. We propose considering panic
in a broader perspective that offers a central role to the body and to
contemplate the possible role of somatic treatments in PD.
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Introduction
Panic disorder (PD) is a chronic and disabling condition caus-
ing marked distress and deterioration in quality of life, and it 
often induces benzodiazepine or alcohol abuse and depression1,2. 
PD is a complex syndrome that starts with unpredicted panic 
attacks (PAs), which on recurrence induce subsequent defensive  
mechanisms, such as anticipatory anxiety and/or maladap-
tive changes in behavior. Most patients with PD fear or avoid  
multiple situations in which PAs can occur (i.e. agoraphobia)3.  
A PA, the core feature of the disorder, is an abrupt surge of  
somatic symptoms, such as chest pain, palpitations, sensations 
of shortness of breath, feelings of choking, and dizziness or 
unsteadiness, accompanied by intense discomfort and/or fear of  
dying or of losing control. It reaches a peak within minutes and 
thereafter spontaneously decreases until it disappears.

Presently, PD is conceptualized as a mental disorder and is 
included in anxiety disorders in both the DSM-5 and the ICD-103,4,  
based on the two following widely accepted assumptions:

1.     PAs are “false alarms” associated with abnormally  
sensitive defensive systems in the central nervous  
system5. Although different opinions exist on the type of  
false alarm, including suffocation false alarm6, inappro-
priate fear reactions7, or catastrophic misinterpretation of 
harmless somatic sensations8, there is a general consensus 
that these alarms are false because patients with PD are 
physically healthy.

2.     PD is successfully treated with therapies affecting  
anxiety mechanisms and processes, such as psychotropic 
drugs and/or psychotherapy9.

These two assumptions may not be entirely true. This narrative 
review aims to suggest a possible alternative perspective based 
on the results of many experimental studies and our over 25 years  
of clinical experience with patients with PD.

In our opinion, many findings highlight not only that PD may be 
a mental disorder but also that patients with PD may have real  
abnormal or inefficient body functioning, mainly involving  
cardiorespiratory and balance systems. Consequently, the  
patient’s physical fitness (https://www.hhs.gov/fitness/), which 
is the state of physical wellbeing that allows optimal perform-
ance across multiple routine activities10, may be subtly compro-
mised. Physical symptoms and discomfort experienced during  
PAs and in some environmental situations may be transient but  
real manifestations of an underlying decline in physical fitness, 
which becomes apparent under some circumstances.

In the next sections, we detail the alternative explanations for the 
two assumptions cited above and our personal view on panic.  
Our suggestion should be considered neither exhaustive nor  
conclusive, as it is meant to serve as a heuristic proposal with the 
intent to foster debate and research on this divisive topic.

Are panic attacks really the results of false alarms?
PD is unique among anxiety disorders because panic symptoms  
are mainly physical in nature. From a clinical perspective, patients 

with PD experience somatic symptoms during PAs and com-
plain of several persistent somatic symptoms between PAs during  
their usual daily life activities, including respiratory difficul-
ties, abnormalities in their heart rate, dizziness, and photophobia.  
Owing to somatic symptoms, most patients, especially at the 
onset of the disorder, believe they suffer from a physical disease. 
After standard clinical examinations and diagnostic procedures,  
physicians and psychiatrists usually reassure patients that there 
is nothing wrong with their body functions and ascribe somatic  
symptoms entirely to an “anxiety state”. However, some findings 
suggest that panic symptoms may arise from real, subtle alterations 
of physical functioning in these patients.

Patients with PD are physiologically different from people  
without PD in several aspects:

1.    They have poor cardiorespiratory fitness, as suggested 
by studies demonstrating poor performance on cardi-
opulmonary exercise testing11,12. The reduced fitness in  
patients with PD does not seem to be related to anxiety 
variables, such as state and trait anxiety or fear of  
physical sensations or autonomic arousal11,12.

2.    Although patients do not report any full-blown  
respiratory disease, they report a higher-than-expected 
prevalence of obstructive respiratory diseases in child-
hood, have an irregular breathing pattern when both awake 
and asleep, exhibit an increased respiratory variability 
during mild physical activity, have impaired diaphrag-
matic breathing with reduced vital capacity, and have a  
condition of chronic hyperventilation13–19. Furthermore, 
smoking exacerbates the irregularity in their breath-
ing pattern, whereas smoking does not seem to affect  
subjects without the disorder similarly20. Patients with 
PD have behavioral and respiratory hypersensitivity to  
hypercapnic challenges, with peculiar respiratory  
patterns during the challenge and recovery phases14–18.  
Similarly, they seemingly have a higher sensitivity to  
other respiratory stimuli, such as hypoxic challenge21,22 
and hyperventilation23. Finally, connections between sleep 
apnea and PD have been reported24. Overall, although 
the respiratory system of patients with PD is not so  
dysfunctional to induce a full-blown respiratory disease, 
it might be more unstable and sensitive than that of  
subjects without PD.

3.    Although patients do not have any full-blown cardiac 
disease, they have imbalanced autonomic regulation,  
reduced heart rate variability, increased time variability of 
ventricular repolarization, higher regional heterogeneity 
of ventricular repolarization and atrial depolarization25–28, 
and higher variability of ECG-R wave amplitude after  
beta-adrenergic stimulation with isoproterenol29. PD 
patients who are normotensive exhibit an impaired  
circadian blood pressure pattern with an inadequate  
reduction in nighttime blood pressure (non-dipper  
pattern)30 as well as an unstable heart rate while asleep31.  
At least in a certain proportion of patients with PD, 
PAs may be caused by paroxysmal supraventricular  
tachycardia32. In addition, these patients exhibit increased 
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arterial stiffness, and several factors negatively affect 
endothelial function, such as increased homocysteine  
levels and platelet aggregation or volume and lower  
levels of nitric oxide25–28. Once more, these subtle abnor-
malities can render the cardiovascular system less effi-
cient, and they are considered cardiovascular risk factors. 
In line with these findings, cardiovascular morbidity and  
mortality are higher in patients with PD than in the  
general population, and the association of PD with cardiac 
disorders has been well documented33–36.

4.    Patients with PD seem to have subtle metabolic distur-
bances involving acid–base imbalance37–39.

5.    These patients exhibit subclinical abnormalities in their 
balance system, with postural instability, especially 
related to impaired visual–vestibular interactions40,41, as 
well as consistent rates of abnormal measures under neu-
rotological examination42,43. In addition, the number of  
abnormal posturographic scores is correlated with the 
severity of agoraphobia44. Notably, this link is so close 
that otoneurologists consider “phobic postural vertigo 
syndrome”, a clinical condition very similar to panic 
syndrome. Patients with PD are also photophobic, with a  
subtle variation of retinal photosensitivity45.

6.    Finally, preliminary reports suggest that children at risk 
of PD have a relative decrease in cardiac vagal function, 
an irregular breathing pattern, and abnormalities in their 
saccadic eye movements, which are involved in balance  
function and responses46–48.

Overall, these findings suggest that the body physiology in  
patients with PD is far from being perfect and stable. If  
patients with PD have subtle abnormalities in their body  
functioning, it may result in a reduction of global physical  
flexibility and adaptability to changes. Consequently, PAs may 
be “real alarms” signaling that something is going wrong in the  
body and its physiological systems when the adaptability 
resources of an organism are insufficient to respond appro-
priately to ongoing internal or external changes. Usually, the  
physiological processes act outside awareness to maintain home-
ostasis. We hypothesize that when a “critical threshold” of physi-
cal adaptability is exceeded, the dynamic balance breaks down 
and a transient physical instability may be perceived as an acute 
conscious experience of physical symptoms and emotional  
discomfort (i.e. a PA) until the homeostatic balance is restored.  
Following this concept, as early as 47 minutes before the occur-
rence of naturally occurring, unexpected PAs, patients with PD 
display significant patterns of physical instability across many  
autonomic and respiratory variables, which occur outside of the 
patient’s awareness49. Thus, a PA may be conceptualized as a  
“primordial emotion”, i.e. an acute uncomfortable state in which 
an imbalance in body functions and homeostasis pervades 
the conscious awareness50–54. This assertion is in line with the  
dynamic complex system theory that postulates the existence, in 
the biological systems, of non-stationary and dynamic balance  
states, such as homeostatic balance, which may display sud-
den and radical changes produced by even slight modifications 
of the biological parameters beyond a certain threshold55. This 

view may explain (1) the higher sensitivity of patients with PD to  
multiple physical stimuli, including their hyperreactivity to  
respiratory stimulation (hypercapnia, hypoxia, or hyperventilation) 
and peripheral beta-adrenergic stimulation with isoproterenol56,  
(2) subclinical autonomic hyperreactivity, (3) space and motion  
discomfort in complex sensorial environments, and (4) nocturnal 
PAs, which appear as a sudden awakening in a state of panic  
during non-REM sleep57,58, a phase in which significant changes 
in autonomic and respiratory variables occur (e.g. reduction in  
heart rate and ventilation and increase in carbon dioxide partial 
pressure [PaCO

2
]) and subcortical homeostatic control of body 

functions, centered on brainstem and reflex loops, plays a crucial 
role59,60.

Finally, we hypothesize that imbalanced body functioning may 
also underlie some aspects of phobic avoidance. In several daily  
life situations that patients with PD often fear and/or avoid, such 
as public transport, open spaces (e.g. marketplaces, bridges, and 
large roads), enclosed spaces (e.g. shops, theaters, and cinemas), 
or driving, efficient physical functioning is needed for optimal 
performance because all of these conditions require multiple  
and integrated bodily adjustments to changes, involving car-
diorespiratory, autonomic, and balance functions. Again, an  
underlying reduction of physical fitness may induce physically 
uncomfortable sensations in several environmental situations, 
which signal a physical inadequacy to bodily changes required  
by situations. This mechanism can contribute to avoidance  
behaviors and the occurrence of “expected” PAs in feared  
situations.

We underscore that our perspective does not exclude the  
concept that other mechanisms, more strictly linked to anxiety 
and fear, are involved in PD. Alarm systems can become  
hypersensitive over time, and interoceptive or exteroceptive  
conditioning processes, anticipatory anxiety, and phobic behav-
iors do exist in patients with PD61–63; however, we hypothesize  
that the reduction of physical fitness is the “primum movens” of 
PD, while anxiety or fear are defensive mechanisms induced 
and sustained by repeated signals of impaired body functioning  
(Figure 1). However, we are aware that patients who experience  
PAs usually develop attentional bias toward somatic sensations, 
and, thus, one of the most challenging aspects of our idea is to  
define the boundaries between “real” somatic signals of body 
malfunction and heightened awareness of or reactivity to  
normal somatic sensations due to interoceptive conditioning  
processes, a key feature of PD62–64.

Another problematic aspect of our proposal, which deserves 
consideration, is the possibility that the reduction of physi-
cal fitness results from concomitant factors rather than being a 
specific pathophysiologic feature of PD, including concurrent  
depression, whose association with autonomic imbalance is well 
documented65, or unhealthy behaviors of patients with PD, such 
as avoidance of physical activities12, excessive smoking66–68, or 
inappropriate use of alcohol or benzodiazepines1,2. However,  
although these factors certainly contribute, it seems unlikely that 
they can entirely explain the reduced physical fitness of patients 
with PD. Most of the studies that found abnormalities in body 
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functioning of these patients excluded participants with con-
comitant depression or alcohol or benzodiazepine misuse and 
took into account several individual confounding variables. As 
opposed to patients with PD, patients with major depression are 
not vulnerable to panic provocation by hypercapnia69, and PD 
seems to be a risk factor for cardiac diseases independently of  
depression35,70. Cigarette smoking generally precedes the onset 
of panic66–68 and has a peculiar effect on the respiratory patterns 
of patients of PD20, suggesting that smoking may contribute to 
the occurrence of PAs by affecting the vulnerable respiratory  
function of individuals predisposed to panic. Some studies 
in healthy first-degree relatives of patients with PD found 
abnormalities in their body functioning compared to control  
subjects46–48, greater likelihood of panic symptoms and respira-
tory-response abnormalities during hypercapnic challenges71–74,  
and a significant relationship between abnormal respiratory  
response to hypercapnia and later onset of PAs75. Overall, these 
findings suggest that the reduction of physical fitness may be 
a specific feature related to panic vulnerability. Finally, on one  
hand, the physical inactivity surely contributes to the cross- 
sectional findings of reduced physical fitness in patients with 
PD, but, on the other hand, these patients might avoid physical  
exercise precisely because they have an intrinsic impairment in 
body functioning, which makes physical exercise unpleasant.

The source of impairment in body functioning warrants  
clarification. We speculate that those circuits that continuously 

map and modulate the state of the physical configuration of an  
organism in its multiple, preconscious, biological dimensions 
to assure optimal body functioning and homeostasis may play 
a significant role. These circuits include humoral and neural  
afferent signals from the internal milieu, organs, or peripheral  
body sites and a set of subcortical and cortical areas, such as the 
brainstem, hypothalamus, basal forebrain, posterior insula, and 
medial parietal cortex. These areas dynamically integrate the  
afferent signals into body maps (conceptualized as “proto-self” 
by Antonio Damasio) and provide efferent signals to produce  
body modifications in response to internal or external changes 
(please refer to 53,76,77 for a complete description). Among 
these areas, the brainstem plays a crucial role. Basic homeostasis,  
including cardiovascular, respiratory, autonomic, and balance  
functions, is significantly controlled from the nuclei of the brain-
stem. In addition, the brainstem is supposed to be the neces-
sary and sufficient platform for the generation of “primordial  
feelings of the living body” and the basic form of self-con-
sciousness, related to body activities, on which the higher-order  
of self-awareness and cognitive processes are grounded56,78.  
In the brainstem is also where the dorsal periaqueductal gray 
matter (dPAG) is located, a midbrain area that is thought to  
play a role in human PAs, based on animal studies demonstrating 
that it is involved in defensive behaviors triggered by respiratory 
stimuli and regulated by neurotransmitters implicated in panic 
pathophysiology79–82. In patients with PD, recent brain imag-
ing studies have reported structural modifications and peculiar  

Figure 1. A heuristic model describing hypothesized relationships between the impairment in body functioning and panic disorder.
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functional responses in the brainstem83–85, whereas the role of 
the “fear network” centered on the amygdala7 does not seem  
consistent86. In addition, the amygdala does not appear to be 
required in the occurrence of PAs87–89. Thus, the brainstem may 
be a suitable neuroanatomical key structure involved in body  
functioning impairment in PD, possibly through a malfunction 
of the central control mechanisms of the body’s functions, which  
becomes evident peripherally with the cardiorespiratory,  
autonomic, and balance abnormalities in patients with PD, as 
described earlier. Evidently, the involvement of other different 
central areas implicated in body regulation, such as the insula,  
cannot be excluded84,86. Conversely, the impairment of body  
functioning may also arise from a primary malfunction in the 
peripheral physiology of the body, or in peripheral sensors, 
such as neuroepithelial bodies in the lung90. In turn, peripheral  
abnormalities may induce adaptive modifications in the central 
control of body functions, eventually impairing global body  
functioning. To date, sufficient data to support this possibility  
do not exist; however, it cannot be excluded.

Are successful treatments of panic disorder specifically 
acting on anxiety or fear mechanisms?
Antipanic medications are not simply “psychotropic” medica-
tions. The serotonergic system, the main target of the first-line drug  
treatment of PD (i.e. selective serotonin reuptake inhibitors 
[SSRIs]), is involved in anxiety or fear mechanisms7. However, 
it also modulates different brain areas, neural pathways, and  
peripheral sites directly involved in body functioning91–94. Hence, 
SSRIs can act on cardiorespiratory, autonomic, and balance  
system functions, as described in the following examples:

1.    Paroxetine decreases respiratory irregularity in patients 
with PD95. Respiratory function (forced expiratory 
volume in 1 second [FEV1], oxygen partial pressure  
[PaO

2
], and PaCO

2
) and dyspnea improve in patients 

with chronic obstructive pulmonary disease treated with  
citalopram96 or sertraline97 as well as in patients with PD 
treated with antipanic medications98. Paroxetine may 
be useful in the treatment of obstructive sleep apnea99. 
The lungs are an essential reservoir of the serotonin  
transporter100, the target of SSRIs, and this might explain 
the effect of SSRIs on pulmonary vascular function101.

2.    Paroxetine can improve heart rate variability and induce 
a decrease in the relative cardiac sympathetic activity  
occurring in patients with PD102–105. In addition, SSRIs 
have some beneficial effects on the cardiovascular sys-
tem, such as inhibiting platelet aggregation, collagen, and  
thrombin, exerting anti-inflammatory effects, and improv-
ing endothelial function106, which may be protective  
against cardiovascular morbidity in patients with PD.

3.    Sertraline reduces the symptoms of paroxysmal  
hypertension107, a medical condition that can be associated 
with PD.

4.    Seemingly, sertraline and citalopram directly affect  
cardiac rhythm, at least in animal models, reducing  
membrane conduction through the inhibition of cardiac  
Na+ and Ca2+ channels108,109.

5.    Citalopram improves balance system function in patients 
with PD44, as paroxetine and fluoxetine do in mice110.

Thus, we speculate that antipanic medications might exert their 
effect by correcting abnormalities of the body’s functions in patients 
with PD.

Considering non-pharmacological treatments, besides cognitive 
behavioral therapy, evidence for the therapeutic effects of  
somatic treatments in PD is growing:

1.    In patients with PD, breathing therapies improve 
panic symptoms111,112 as well as restore diaphragmatic  
breathing with regain of vital capacity14–18; although results 
are inconclusive, voluntary aerobic physical exercise may 
provide benefit as an adjunctive strategy for the treatment 
of PD113–115.

2.    Preliminary unpublished data from our group sug-
gest that vestibular rehabilitation might positively affect  
panic-phobic symptoms and balance system function 
in patients with PD and agoraphobia. Likewise, a pilot  
study reported that subsequent vestibular rehabilitation  
after cognitive behavioral therapy may significantly  
improve panic-phobic symptoms in these patients116.

Although we cannot eliminate the notion that these somatic  
treatments increase PD patients’ perceived sense of control, 
they could have a beneficial effect on panic symptoms via their  
influence on body functions. Indeed, a meta-analysis indicated 
that the combination of exposure, relaxation training, and  
breathing retraining offers the most consistent evidence for the 
treatment of PD and is more efficacious than cognitive therapy 
alone, suggesting that somatic interventions are more effective 
than the psychological ones, even in psychological treatment  
packages117.

Clinical consequences
If PAs result from the activation of “real alarms” related to subtle 
abnormalities in body functioning, leading to a decrease in  
physical fitness, we can hypothesize that the latter might be the 
expression of panic vulnerability. Thus, beyond the full-blown 
or limited-symptoms PAs, the persistent sensations of physical 
discomfort in daily life, mainly involving cardiorespiratory and 
balance systems, might be the active expression of instability or 
inefficiency of body functioning in these patients. Even when 
this impairment in body functioning is not adequately intense 
to trigger a PA, it can signal this risk by inducing physically  
uncomfortable sensations, thus maintaining anticipatory anxiety 
and phobic avoidance as active defense mechanisms. Indeed,  
many patients complain that even when PAs are not present,  
they feel unfit, with frequent sensations of dyspnea, tachycardia, 
or dizziness and other unpleasant somatic sensations in their daily  
life, thereby causing them to feel vulnerable to PAs.

If our hypothesis is correct, the aim of antipanic treatments  
should be not only the disappearance of PAs but also, most impor-
tantly, the achievement of a full sense of physical wellbeing118. 
Hence, the doses of drug treatments with antipanic agents should 
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be titrated until these subtle physical abnormalities disappear. 
The future of panic treatment might include the development of  
somatic treatments that counteract the impairment of body func-
tioning and increase physical fitness, such as breathing train-
ing for more harmonic respiration, physical exercise to increase 
heart rate variability and cardiorespiratory fitness, and vestibular 
rehabilitation to attain more stable balance system functioning.  
Indeed, our perspective suggests that the improvement of body 
functioning might decrease one’s vulnerability to PAs. Follow-
ing this concept, the improvement of physical fitness might also 
contribute to decreasing the likelihood of developing PAs in  
individuals at risk of the disorder, such as the offspring of  
patients with PD46–48. Finally, regaining a full sense of physi-
cal wellbeing, without any physical discomfort, will also help 
patients with PD to overcome anticipatory anxiety and agora-
phobia during cognitive behavior therapy and to restore full  
behavioral freedom.

Conclusion
Our heuristic proposal suggests that the impairment of body  
functioning, resulting in decreased physical fitness, may play 
a crucial role in the pathophysiology of PD, being the “primum  
movens” of the disorder. We do not state that PD is a life- 
threatening medical disease, or that these patients have unrecog-
nized medical diseases, or exclude the idea that anxiety or fear  
mechanisms contribute to the development of PD. We propose  
considering panic in a broader perspective that provides a  
central role for the body, as clearly patients suggest. Our view 
may partly explain why many patients with PD do not regain full  
wellbeing or relapse after standard treatments. Furthermore, it  
suggests the usefulness of including, in the clinical examina-
tion of patients, evaluations of cardiorespiratory patterns and/or  
balance system functioning to detect possible subtle or sub-
clinical abnormalities. Finally, this perspective may stimulate re- 
thinking about antipanic treatments and lead to the development 
of new therapies that consider body functions. We are aware that 
this view requires confirmation and that more direct experimental  
evidence is needed. We hope that our considerations help  
foster debate and research on this controversial topic. As an  

example, some lines of research may be followed: (1) in patients 
with PD, testing whether the improvement of cardiorespiratory 
function by somatic treatments (i.e. physical exercise on a regu-
lar basis and breathing training) actually reduces the naturally  
occurring and hypercapnia-induced PAs; (2) in patients with PD 
and in subjects at risk of PD, testing, by means of longitudinal  
studies over the lifespan, (a) the temporal relationships between 
abnormalities in body functioning and occurrence of PAs and  
(b) the possible contribution of additional factors, such as 
unhealthy behaviors and/or depression, to the reduction of physical  
fitness in patients with PD; (3) in subjects without PD from the 
general population, testing (a) whether an association exists  
between decreased levels of cardiorespiratory or balance fitness 
and subthreshold panic symptoms or vulnerability to hypercap-
nia-induced PAs and (b) whether pharmacological manipulations  
aimed at decreasing cardiorespiratory fitness lead to increased  
vulnerability to hypercapnia-induced PAs.

In conclusion, more attention should be paid to the somatic  
complaints of patients with PD because these might reflect real  
subtle abnormalities in their physical fitness, and a more  
significant role should be given to somatic therapies in the  
treatment of PD.

More than a century ago, William James stated that bodily  
sensations “come first” and elicit subsequent feelings and  
emotions—maybe this is not wrong, at least for patients with PD.
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