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A B S T R A C T

The probable implication of testosterone in the neurobiology of anxiety disorders, and particularly panic dis-
order (PD), is poorly studied. We explored for potential differences concerning testosterone (T) plasma levels and
the ratio testosterone/cortisol (T/C) between medication-free, consecutively-referred patients with acute ex-
acerbation of PD comorbid with agoraphobia (PDA) (N=40; females= 24; age= 31.4 ± 7.1 years) and
healthy controls (N= 80; females= 48; matched for age). Moreover, we investigated for potential associations
of T levels and T/C ratio with the severity of acute PDA psychopathology in the patients of the sample.
Psychometric measures included panic attacks’ number during last three weeks (PA-21days), the Agoraphobic
Cognitions Questionnaire (ACQ) and the Hamilton Anxiety Rating Scale (HARS). Male patients –but not female
ones- demonstrated significantly lower T levels compared to controls. Moreover, in male patients, a significant
inverse association emerged between T/C ratio and PA-21days, so that lower T/C ratio is associated with sig-
nificantly more panic attacks. On the contrary, female patients demonstrated significant positive associations: (a)
between T levels and PDA-related pathological cognitions (ACQ); (b) between the T/C ratio and both PA-21days
and anxiety symptoms’ severity (HARS). The results of the study suggest that testosterone is significantly as-
sociated to the severity of clinical manifestations of acute panic disorder, although in a different fashion con-
cerning the two genders.

1. Introduction

The biological basis of panic disorder (PD) remains largely un-
known, despite the significant progress achieved during the last decades
regarding this issue (see for a review: Bandelow et al., 2017).

Epidemiological data suggest that sex hormones may play a pivotal
role in the neurobiology of PD, since its lifetime prevalence is more than
double in women than in men (McLean et al., 2011). In men, testos-
terone is mainly produced by the Leydig cells of the testes and by the
adrenal cortex as well. In women, testosterone is secreted by the
adrenal zona fasciculata (25%) and the ovarian stroma (25%), each
approximately 50 μg per day, with the remaining 50% being produced
from circulating androstenedione. Furthermore in women, daily pro-
duction rate ranges from 0.1 to 0.4mg, while circulating levels range
from 0.2 to 0.7 ng/ml (Longcope, 1986; Burger, 2002). Testosterone

circulates both in its free form, and bound to protein including albumin
and sex steroid hormone-binding globulin (SHBG), the levels of which
are an important determinant of free testosterone concentration. As
with the rest of the androgens, testosterone can be produced in-
tracellularly from dehydroepiandrosterone sulphate (DHEAS) (Burger,
2002). Testosterone has an important role in the development of sec-
ondary sexual attributes, but is also of special interest regarding social-
emotional behavior (Eisenegger et al., 2011).

Overall, animal studies and human studies in healthy subjects and
women with polycystic ovary syndrome (PCOS) have produced various
and often contradictory results concerning the association of testos-
terone to a range of manifestations of anxiety and fear. Thus, reductions
in experimentally-induced fear after testosterone administration were
reported in studies using animals, including heifers (Boissy and
Bouissou, 1994), ewes (Bouissou and Vandenheede, 1996), male rats
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(Frye and Seliga, 2001) and male house mice (Mus musculus) (Aikey
et al., 2002). Likewise, testosterone administration in healthy humans
reduced unconscious, but not conscious, fear to threatening stimuli
(angry faces) (van Honk et al., 2005). On the other hand, females suf-
fering from PCOS -in which elevated testosterone levels is the promi-
nent feature- demonstrate symptoms of social and generalized anxiety
and various phobias significantly more often than women without
PCOS (Manson et al., 2008; Jedel et al., 2010; Dokras et al., 2012).

Regarding anxiety disorders as clinical entities, the evidence for a
potential role of testosterone in their neurobiology is much more lim-
ited (Giltay et al., 2012). Concerning the potential association between
panic disorder in particular and testosterone levels, only one study has
as yet evaluated nocturnal urinary testosterone excretion in 16 medi-
cation-free male PD patients and 13 controls and found it to be similar
between the two groups (Bandelow et al., 1997). However, the sample
consisted only of males, who, furthermore, could be included in the
procedure of the study even if they were medication-free for only one
week. Moreover, some of them were undergoing psychotherapy, while
it was not reported how many patients were clinically stable due to
pharmacotherapy/psychotherapy or were suffering from acute panic
symptoms. A subsequent community-based study found no association
between salivary testosterone levels and the presence or not of PD, but
patients received various medications from all categories of anti-
depressants and/or benzodiazepines from different physicians in the
community (Giltay et al., 2012).

Thus, to the best of our knowledge, no study has as yet explored in a
systematic way the potential association between clinical manifesta-
tions of panic disorder and plasma levels of testosterone in medication-
free patients suffering from panic disorder, moreover in the acute phase
of their disorder. This was exactly the aim of this study. More precisely,
our first aim was to explore whether patients of both genders, suffering
from acute panic disorder, moreover remaining medication-free for at
least one month and not receiving any form of psychotherapy, would
demonstrate significant differences from normal controls concerning
testosterone plasma levels. The second aim of the study was to explore
potential associations between testosterone plasma levels and severity
of acute PD psychopathology in this sample of medication-free patients.
In addition, since testosterone exerts an inhibitory effect on hypotha-
lamus-pituitary-adrenal axis (HPA) axis (Handa et al., 1994; Roca et al.,
2005; Rubinow et al., 2005), we used as a correlate to psychometric
features the ratio testosterone to cortisol (T/C), which expresses the
interaction of hypothalamus-pituitary-gonadal (HPG)-axis and HPA-
axis (Williamson et al., 2005; Sollberger and Ehlert, 2016; Ludwig et al.,
2018). As formulated by Mehta and Prasad (2015), testosterone and
cortisol may jointly regulate social behaviors and traits, and T/C ratio
has been studied in relation to dominance, social aggression, social
threat, and risk-taking behavior (Terburg et al., 2009; Mehta and
Josephs, 2010; Mehta et al., 2015).

The potential association between testosterone levels and the pre-
sence of agoraphobia is not clear as yet and data are contradictory. For
example, female -but not male- patients suffering from agoraphobia
without PD demonstrated lower levels of testosterone, although no
association was found in patients suffering from PD irrespective of the
comorbidity with agoraphobia (Giltay et al., 2012). At any rate, for
reasons of uniformity, we included only those PD patients whose
agoraphobic-type avoidances were enough to meet the DSM-5 criteria
for agoraphobia. Noteworthy, according to our previous experience, the
large majority of patients who are referred from the Outpatient Clinic of
our Department suffer from both diagnoses (e.g. Masdrakis et al., 2009,
2017).

2. Methods

2.1. Diagnostic procedures

The protocol of the study was approved by Hospital’s Ethics-

Committee. All procedures followed were in accordance with the
Helsinki Declaration (1975, revised 2008). All patients were con-
secutively referred to the Outpatient Clinic of Anxiety Disorders of our
Department from the Outpatient Clinics of Emergency and General
Psychiatry. All subjects gave written informed-consent following a
comprehensive explanation of the procedure. Patients were informed
that appropriate treatment and regular follow-up would start im-
mediately after the end of the procedure of the study. Initial clinical
evaluation of the patients, including a Structured Clinical Interview for
DSM-IV (SCID) (First et al., 1998), was always performed by the first
author, a psychiatrist. The definite diagnosis according to the DSM-5
criteria (American Psychiatric Association, 2013) was reached after
discussion of the cases and common agreement by the clinicians par-
ticipating in the study (VM, CP), both experienced clinical psychiatrists.

2.2. Inclusion and exclusion criteria of the study

2.2.1. Inclusion criteria
DSM-5 Panic Disorder with comorbid Agoraphobia; current ex-

acerbation of panic symptomatology; psychotropic medication-free for
at least one month (three months for fluoxetine) prior to baseline
evaluation.

2.2.2. Exclusion criteria
Concurrent medical/psychiatric comorbidity; major medical/psy-

chiatric (e.g. psychosis, bipolar disorders, recurrent major depression)
disorders in the past; score> 10 in the Hamilton Depression Rating
Scale (17-item) (Hamilton, 1960); currently undergoing any pharma-
cotherapy for psychiatric or other medical disorders, or psychotherapy;
currently adopting any type of diet, or fasting; substance abuse dis-
order, except smoking; oral contraceptive use; pregnancy. Patients had
to be declared healthy by an internist and a cardiologist and should
have normal routine blood tests (including thyroid function-tests).

2.3. Subjects

Through the procedures described above, 40 (forty; females= 24)
medication-free patients, consecutively referred from our Department’s
Outpatient Clinic were included in the study. All patients received a
definite diagnosis of DSM-5 Panic Disorder with comorbid
Agoraphobia, confirmed by a SCID-Interview (First et al., 1998) and,
furthermore, fulfilled all inclusion/exclusion criteria of the study as
specified above. None of the patients received any type of medication
(exclusion criterion of the study). Control’s sample included 80 (eighty;
females= 48) healthy subjects, matched for age with patients, more-
over not taking any type of medication. All female subjects (patients
and controls) were normally menstruating.

2.4. Blood sampling and biochemical evaluations

In all cases, venous blood samples were collected between 08.00
and 10.00 h. Patients were previously instructed (in a written form) to
abstain from coffee and any food/beverage/drug containing caffeine
(cited in a list given to them) for at least 15 h, from alcohol for at least
24 h and from smoking from at least 3 h, before the procedure.

Blood was withdrawn in tubes with EDTA, plasma separated by
centrifugation and kept in aliquots at −30 °C until estimation.

Cortisol and testosterone were measured using the RIA-kits of
DIAsource Immunoassays SA, Belgium. For testosterone, standards for
the calculation curve include concentrations of 0.11, 0.48, 1.55, 5.4,
and 16.4 ng/ml. The manufacturer gives a detection limit of 0.05 ng/
ml, and an intra-assay precision of 4.6% for low T levels. For the cal-
culation of T in females we used for the calibration curve the three
lower concentrations of standards. We calculated an intra-assay coef-
ficient of variation for samples of the female population of 4.1 ± 2.4%
(range 0.5–8.9%). For testosterone in males, intra-assay coefficients of
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variation were 3.9 ± 2.9% (range 0.2–9.8%). For cortisol coefficients
of variation were 3.2 ± 2.1% (range 0.3–7.3%).

2.5. Psychometric evaluations

(1) Number of panic attacks according to DSM-5 criteria (APA,
2013) during the last 21 days/three weeks (PA-21days) (patient-
rated). A brief definition of ‘panic attack’ was provided typewritten.
Additionally, before its completion, a brief description of panic attack’s
meaning was given to the patient using examples of her/his own ex-
periences.

(2) The Agoraphobic Cognitions Questionnaire (ACQ)
(Chambless et al., 1984), a self-rated, 14-item scale assessing thoughts
of physical catastrophe due to anxiety symptoms or thoughts of mental,
social, and/or behavioral disaster from loss of control. Items are rated
on five-point scales ranging from 1–5. Total score ranges from 14 to 70.

The ACQ has been found to possess construct and discriminant va-
lidity, and its internal consistency coefficient (Cronbach alpha) was
0.80 (Chambless et al., 1984; Bouchard et al., 1997; Khawaja, 2003).

(3) The Hamilton Anxiety Rating Scale (HARS) (Hamilton, 1959),
a clinician-rated, 14-item scale covering both psychic and somatic an-
xiety, with item-scores ranging from 0–4. Total score ranges from 0–56.

2.6. Statistical analysis

Comparisons were made using analysis of variance. Hormone levels
of male and female patients were compared to same gender controls
using analysis of variance with age and body mass index as covariates.
Possible correlations of testosterone and T/C ratio to the scores of the
psychometric evaluations HARS and ACQ were explored using Pearson
correlation coefficient test. For variable PA-21days, which does not
follow normal distribution, the nonparametric Spearman correlation
coefficient test was used. Correlation coefficients were calculated se-
parately for male and for female patients.

3. Results

3.1. Descriptive data of the patients and controls of the sample

The sample of the study (N=120 subjects) included 40 medication-
free PDA patients (females= 24, 60%) and 80 healthy controls (fe-
males= 48; 60%) matched for age.

Patients’ mean age was 31.4 years (SD=7.1) and the mean dura-
tion of their illness was 57.7 months (SD=62.5, median= 33.0).
Nineteen patients (47.5% of the sample; 11 females) had undergone
pharmacotherapy in the past, and seven patients (17.5% of sample; 5
females) had undergone psychotherapy in the past. Seventeen patients
(42.5% of the sample; 10 females) reported family history for PD/PDA.
Nineteen patients (47.5% of the sample; 11 females) were smokers.

From 24 female patients, 14 were in the follicular phase of the cycle
when assessed and 10 in the luteal. Their testosterone levels were
0.44 ± 0.15 and 0.42 ± 0.07 ng/ml respectively, and the difference
was not significant (F 1, 22= 0.19, p= .67).

Other descriptive data, including patients’ psychometric and both
patients’ and controls’ hormone data are shown in Table 1.

3.2. Comparison between patients and controls regarding testosterone and
cortisol plasma levels and the ratio T/C

The results of the comparison between patients and controls of each
gender regarding testosterone and cortisol plasma levels and the ratio
T/C are demonstrated in Table 1.

3.2.1. Male subjects
With respect to male subjects, analysis revealed significantly lower

testosterone plasma levels in PDA patients (N=16) compared to

controls (N= 32). No significant differences emerged between patients
and controls concerning age, cortisol plasma levels and the T/C ratio
(Table 1).

3.2.2. Female subjects
Regarding female subjects, no significant differences emerged be-

tween patients (N=24) and controls (N=48) concerning age, tes-
tosterone and cortisol plasma levels and the T/C ratio as well (Table 1).

It has to be noticed that testosterone levels of patients and controls
of the study were within normal ranges, namely 0.2–0.7 ng/ml for fe-
males (Burger, 2002), and 2.64–9.16 ng/ml for males in the age range
19–39 years (Travison et al., 2017). However, male patients had lower
T levels than controls (Table 1), with high frequencies (76%) of values
below median value for controls.

3.3. Associations between testosterone plasma levels and T/C ratio and
clinical manifestations of panic disorder

Variables followed normal distribution except PA-21days, which
showed higher frequencies for low values. Using the nonparametric
Spearman correlation coefficient test, the correlations of PA-21days to
T/C ratio presented in Fig. 1 and Fig. 3 were both significant:
Rs=−0.598, p=0.01 for males, and Rs= 0.484, p=0.01 for females.

Data regarding the correlations between testosterone plasma levels
and the T/C ratio and the scores on the psychometric measures (HARS,
ACQ, PA-21days) in the patients of the sample are shown in Table 2.

3.3.1. Male patients
With respect to male PDA patients, a significant inverse association

emerged between T/C ratio and number of panic attacks during last
three weeks (Table 2 and Fig. 1).

3.3.2. Female patients
Contrary to what was found in male patients, the female patients of

the sample demonstrated significant positive associations between
plasma testosterone levels and panic- and agoraphobia-related patho-
logical cognitions as these are reflected in the ACQ psychometric
measure (Table 2 and Fig. 2). Moreover, in the female patients of the
sample, significant positive associations emerged between the T/C ratio
and both the severity of anxiety symptoms (HARS) (Table 2) and the
number of panic attacks during last three weeks (PA-21days) (Table 2
and Fig. 3).

3.4. Comparisons between male and female subjects regarding testosterone
and cortisol plasma levels and the ratio T/C and between male and female
patients regarding psychometric evaluations

Differences between male and female subjects were not significant
for cortisol either for controls or for patients. Testosterone levels, as
well as T/C ratio, were about ten times higher for males than for fe-
males in both controls and patients (Table 1). No significant differences
between male and female patients were found for HARS (ANOVA,
p=0.34), ACQ (ANOVA, p=0.58) or PA-21days (U-test, p= 0.30).

4. Discussion

4.1. Summary of results

The first aim of the study was to explore potential differences re-
garding testosterone (T) plasma levels between medication-free patients
suffering from acute exacerbation of DSM-5 panic disorder comorbid
with agoraphobia (PDA) and normal controls. No such difference
emerged with respect to female subjects. On the contrary, regarding
male subjects, panic patients demonstrated significantly lower testos-
terone levels compared to normal controls. In both males and females,
cortisol (C) and the ratio T/C were similar between patients and
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controls.
The second aim of the study was to explore potential associations of

plasma testosterone and T/C ratio with the severity of PDA psycho-
pathology. Indeed, concerning male patients, an inverse association
emerged between the T/C ratio and the number of panic attacks during
the last three weeks, so that lower T/C ratio is associated with sig-
nificantly more panic attacks. On the contrary, in the female patients of
the sample, significant positive associations emerged between plasma
testosterone levels and panic- and agoraphobia-related pathological
cognitions, as these are reflected in the ACQ measure. Furthermore, in

female patients, significant positive associations were observed be-
tween the ratio T/C and both anxiety symptoms’ severity (HARS) and
the number of panic attacks during last three weeks.

4.2. Potential neurobiological explanations of the results of the study

In his seminal ‘false suffocation alarm’ theory, Donald Klein hy-
pothesized that the neurobiological mechanism underlying genuine
panic attacks consists in the activation of PD patients’ pathologically
hypersensitive ‘suffocation alarm system’, an evolutionary adaptation
with the specific function of detecting increased concentration-rate of
carbon dioxide (CO2) and other exteroceptive and interoceptive cues
indicating lack of useful air (Klein, 1993). This hypersensitivity of PD

Table 1
Descriptive data regarding sample’s patients (N= 40) and controls (N= 80), and comparison of hormones’ plasma levels and T/C ratio between the two groups for
males and for females by analysis of variance with covariates age and BMI.

MALES FEMALES

CNTR PDA F/p CNTR PDA F/p
N 32 16 48 24
HARS 21.9 ± 8.4 20.5 ± 7.2
ACQ 31.5 ± 7.9 32.4 ± 7.0
PA-21days 8.8 ± 8.7 4.3 ± 3.0
AGE 32.9 ± 6.7 32.4 ± 7.9 0.06/.81 31.0 ± 6.8 30.5 ± 6.7 0.10/.75
AGE range 21 - 46 19 - 45 18 - 42 19 - 42
BMI 25.2 ± 3.5 25.0 ± 2.7 0.03/.86 24.2 ± 3.7 21.4 ± 3.1 12.84/.001
CORT 167 ± 57 154 ± 68 0.52/.47 146 ± 67 147 ± 65 0.06/.81
T 5.11 ± 1.82 3.95 ± 1.16 5.98/.018 0.44 ± 0.15 0.43 ± 0.12 0.29/.59
T/C (x103) 33.6 ± 15.1 30.3 ± 14.7 0.48/.49 3.77 ± 2.38 3.68 ± 2.30 0.03/.87

Abbreviations: ACQ = Agoraphobic Cognitions Questionnaire; BMI = body mass index; CORT = cortisol (ng/ml); CNTR = healthy controls; HARS = Hamilton
Anxiety Rating Scale; PA-21days = number of panic attacks during the last 21 days; PDA = patients with acute panic disorder comorbid with agoraphobia; T =
testosterone (ng/ml); T/C = ratio testosterone/cortisol.

Fig. 1. Correlation between the number of panic attacks during last 21 days
(PA-21days) and the testosterone/cortisol (T/C) ratio, in 16 medication-free
male patients with acute exacerbation of panic disorder comorbid with agor-
aphobia (Rs= -0.598, p= 0.01).

Table 2
Correlations of testosterone plasma levels and the T/C ratio to the scores of the
psychometric measures (HARS, ACQ, PA-21days) in male and female patients
with acute panic disorder comorbid with agoraphobia. Pearson correlation
coefficients for HARS and ACQ, and Spearman correlation coefficients for PA-
21days.

MALES (n= 16) FEMALES (n= 24)

r p r

T vs HARS 0.314 .24 0.081 .71
T vs ACQ −0.108 .69 0.523 .009
T vs PA-21days −0.456 .08 0.173 .42
T/C vs HARS −0.274 .30 0.418 .04
T/C vs ACQ −0.195 .47 0.295 .16
T/C vs PA-21days −0.598 .01 0.484 .01

Abbreviations: ACQ = Agoraphobic Cognitions Questionnaire; C = cortisol
(ng/ml); HARS = Hamilton Anxiety Rating Scale; PA-21days = number of
panic attacks during the last 21 days; T = testosterone (ng/ml); T/C = ratio
testosterone/cortisol.

Fig. 2. Correlation between the scores on the Agoraphobic Cognitions
Questionnaire (ACQ) and the plasma levels of testosterone (T), in 24 medica-
tion-free female patients with acute exacerbation of panic disorder comorbid
with agoraphobia (r= 0.523, p=0.009).

Fig. 3. Correlation between the number of panic attacks during last 21 days
(PA-21days) and the testosterone/cortisol (T/C) ratio, in 24 medication-free
female patients, with acute exacerbation of panic disorder comorbid with
agoraphobia (Rs= 0.484, p= 0.01).
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patients to CO2 accumulation –the most potent cue of asphyxia- has
been well documented in numerous studies (see for a review: Bandelow
et al., 2017).

In this respect, recent data suggest that testosterone attenuates the
psychophysiological response of male rats to CO2 administration, since
rats’ castration produced a 100% increase of their hyperventilatory
response to 10% CO2 (Tenorio-Lopes et al., 2017). This inhibitory in-
fluence of testosterone in “normal” rats regarding the emergence of
respiratory panic-like manifestations was even more pronounced when
considering that another group of male rats who had undergone neo-
natal maternal separation lost testosterone’s protective effects against
hypercapnic stimuli, since their castration did not alter their ventilatory
response to CO2 administration.

The findings of the study by Tenorio-Lopes et al (2017), in con-
junction with Klein’s ‘false suffocation alarm’ theory (1993), might
provide a plausible biologically-oriented explanation regarding the
finding of this study of an inverse association between testosterone
levels and panic symptoms’ severity in male PD patients. More pre-
cisely, lower testosterone levels may further deteriorate the already
pathological hypersensitivity of patients’ suffocation alarm system, thus
resulting in the emergence of panic symptoms as a response to stimuli
falsely perceived as signaling asphyxia.

A mutually inhibitory functional connection exists between the
hypothalamic-pituitary-adrenal (HPA) and hypothalamic-pituitary-go-
nadal (HPG) axes. In this context, testosterone inhibits the stress-in-
duced activation of the HPA-axis at the level of the hypothalamus
(Viau, 2002; Williamson et al., 2005; Ludwig et al., 2018). Regarding
healthy humans who underwent pharmacological (CRH, corticotrophin
releasing hormone) and physiological (exercise) stressors in the context
of induced gonadal suppression with leuprolide acetate, men showed
increased stimulated ACTH and cortisol compared with women (Roca
et al., 2005). Moreover, in healthy men testosterone regulates CRH-
stimulated HPA-axis activity, but its divergent effects on ACTH and
cortisol suggests a peripheral (adrenal) locus for the suppressive effects
on cortisol (Rubinow et al., 2005). With regard to panic disorder, al-
though the actual association between human panic attacks and HPA-
axis activation is still discussed (e.g. Sinha et al., 1999; van Duinen
et al., 2007; Masdrakis et al., 2015), nevertheless HPA-axis seems
overall to be implicated in the pathophysiology of PD (Bandelow et al.,
2017). Consequently, still another potential explanation of the findings
of this study may be that PD patients with lower testosterone levels are
less ‘protected’ regarding HPA-axis activation during daily exposure to
an array of potentially panicogenic interoceptive or exteroceptive cues.

Another prominent biological theory (Gorman et al., 2000; Dresler
et al., 2013) attributes panic emergence to the pathologic function of a
‘fear circuit’ involving –among other neural structures- the amygdala,
hippocampus, and prefrontal cortex. In this respect, previous data
suggest that in healthy humans, increased/greater testosterone is as-
sociated with increased amygdala reactivity and decreased amygdala-
prefrontal cortex connectivity (van Wingen et al., 2010; Volman et al.,
2011; Spielberg et al., 2015). Subsequently, given that increased
amygdala activity is broadly associated with anxiety disorders, one
would expect testosterone to be linked to greater anxiety and panic
symptoms, which was not the case with the male patients of our sample.
However, numerous previous animal studies suggest reductions in fear
after treatment with testosterone (e.g. Boissy and Bouissou, 1994;
Bouissou and Vandenheede, 1996; Frye and Seliga, 2001; Aikey et al.,
2002). Likewise, testosterone administration in healthy humans re-
duced unconscious fear to threatening stimuli (angry faces) (van Honk
et al., 2005). A potential explanation regarding this discrepancy –i.e.
testosterone increases amygdala reactivity, but animal and human
(healthy subjects) studies suggest fear-reducing properties of testos-
terone- may lay in the above-mentioned mutually inhibitory functional
connection between the HPA and the HPG axes, and, therefore, in the
mutually antagonistic properties of the hormones cortisol and testos-
terone (Viau, 2002; Roca et al., 2005; Rubinow et al., 2005; Williamson

et al., 2005; Ludwig et al., 2018). Of note, heightened levels of the
steroid hormone cortisol exaggerate and sustain fearfulness by facil-
itating corticotropin-releasing hormone (CRH) gene expression at the
amygdala (Corodimas et al., 1994; Schulkin et al., 1998). Another po-
tential explanation comes from most recent data in healthy humans
which suggest that in the context of acute threat, testosterone admin-
istration reduces the bottom-up coupling between a sub-cortical ‘threat
system’ (central-medial amygdala-hypothalamus-periaqueductal gray)
and the left lateral orbitofrontal cortex and therefore facilitates goal-
directed action, as opposed to reductions in top-down control from the
medial orbitofrontal cortex which underlie risk-taking and social ag-
gression (Heany et al., 2018). Finally, it has been suggested that in
humans, panic is a distinct biological phenomenon when compared to
both fear and anxiety (Klein, 1993, 2002).

In sum, data from previous studies in humans and animals suggest
that testosterone exerts action on numerous neural structures im-
plicated in the neurobiology of PD, including the neural system(s) de-
tecting asphyxia cues, the amygdala and related structures of the ‘fear
circuit’ and the HPA-axis. However, this study cannot delineate the
exact biological mechanism(s) underlying the association between tes-
tosterone levels and panic symptomatology observed in the female
patients of our sample.

4.3. Potential explanations regarding the positive association between
testosterone levels and panic manifestations in the female patients of the
sample

Contrary to male patients, the female PDA patients of the sample
demonstrated a significant positive association between testosterone
levels and panic manifestations. Previous research data which might
explain this finding come from animal studies exploring how estrogens
–all of which are synthesized from androgens, especially testosterone
and androstenedione, by the enzyme aromatase (Frye and Walf, 2004)-
affect the amygdala and from human studies of female patients suf-
fering from clinical conditions with pathologically increased testos-
terone levels.

More precisely, animal studies suggest that estrogens exert action on
the amygdala, but whether they trigger or decrease anxiety-like beha-
viors is disputed. Thus, injection of estradiol into the amygdala of
ovariectomized female rats decreased anxiety-like behavior in elevated
plus maze and other tests (Frye and Walf, 2004). On the contrary, si-
lencing estrogen receptor-alpha in the posterior medial amygdala of
intact female rats decreased anxiety-like behavior in a light-dark box
test, suggesting that estrogens’ action on the amygdala may trigger
anxiety (Spiteri et al., 2010). It is not clear, as yet, under which con-
ditions estrogens’ action on the amygdala triggers or attenuates anxiety
manifestations and researchers speculate that different nuclei or dif-
ferent receptor subtypes may mediate the opposite effects (McHenry
et al., 2014).

Data from humans come from the study of women with polycystic
ovary syndrome (PCOS), where serum testosterone levels are increased.
Thus, in a community-based study comparing PCOS patients and con-
trols, no significant differences emerged between the two groups con-
cerning ‘panic attacks’. However, significantly more PCOS women (al-
most half of them) reported panic- and agoraphobia-like ‘phobias’,
including feelings of unreasonable fear in specific situations, such as
buses, grocery stores, crowds, feeling enclosed and being alone (Jedel
et al., 2010).

Moreover, a strong positive association between testosterone and
panic/agoraphobia symptoms was suggested by the rare case of a 46-
year old woman with a 2 cm Leydig-cell tumor within the right ovary
(Nardo et al., 2005). At the time of the first referral, the patient de-
monstrated markedly raised serum testosterone levels (28.3 nmol/l),
severe hyperandrogenism and associated complex medical history. Of
note, random cortisol, androstenedione, 17-hydroxyprogesterone,
DHEAS and SHBG concentrations were all within the normal range.
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Furthermore, the patient suffered ‘anxiety disorder with agoraphobia’
-most probably corresponding to a diagnosis of PDA- severe enough to
delay the surgical treatment for three years, during which she was
house-bound. Tumor’s surgical removal significantly improved the
symptoms of virilization and normalized the pre-operative markedly
increased serum testosterone levels. Most importantly, PDA sympto-
matology completely remitted and pharmacotherapy was no longer
needed.

In sum, previous data suggest a positive association between tes-
tosterone levels and agoraphobia-like fears -but not panic attacks- in
females with PCOS, while the case-report of a woman suffering from a
rare Leydig-cell ovary tumor suggested that pathologically increased
testosterone levels may be associated with full-blown PDA which abates
after surgical treatment and subsequent normalization of testosterone
levels. However, our study is the first to provide direct evidence of a
significant positive association between plasma testosterone levels and
severity of panic and agoraphobic symptoms in female patients speci-
fically suffering from acute PDA.

4.4. Clinical implications and limitations of the study and future research

Our results have different clinical implications for the two genders.
Previous research data provide evidence that treatment with testos-
terone drastically reduces depressive symptomatology in hypogonadal
depressive patients (Burris et al., 1992; Zarrouf et al., 2009; Pope et al.,
2010). No related data exists, as yet, concerning the potential useful-
ness of testosterone administration in male patients suffering from
panic disorder with agoraphobia. Since lower plasma testosterone le-
vels were associated with more severe panic symptoms, therefore the
results of this study provide support to the notion that testosterone
administration might alleviate panic symptoms, especially in males
with low testosterone levels. However, this remains a hypothesis in
need of systematic research in the future. Our results do not support the
same for female PDA patients. Nevertheless, they highlight the im-
portance of dealing with PCOS or other clinical conditions (e.g. specific
gynecological tumors as in the above-mentioned case-report) in fe-
males, which are characterized by pathologically increased testosterone
levels.

The main limitation of the study is its modest sample of patients.
Nevertheless, we must stress that, tracing PDA patients who meet the
inclusion/exclusion criteria of this study –especially remaining medi-
cation-free for at least one month while suffering from exacerbation of
panic symptoms, furthermore not meeting diagnostic criteria for any
other mental disorder- is not an easy task in clinical practice.
Furthermore, a limitation of the study could be that testosterone levels,
especially for females, were measured by radioimmunoassay and not by
more sensitive methods like liquid chromatography / mass spectro-
metry. However, the results of the study are based on comparisons
between patients and controls, or on correlations of hormone levels to
psychometric correlates. They are not expected to be different if hor-
mone levels are measured by another method that gives systematically
higher or lower levels. Additional limitations may be considered to be
the cross-sectional data and the measurements of testosterone and
cortisol levels in only one blood sample for patients and controls. At any
rate, future studies in larger samples of patients, who might undergo
more extensive hormone testing (e.g. SHBG, free hormone levels, es-
trogen) are needed in order to replicate and expand the results of the
present study, addressing its limitations.

5. Conclusion

This study is the first to provide indications that testosterone plasma
levels are significantly lower in male patients –but not in female ones-
suffering from acute exacerbation of panic disorder comorbid with
agoraphobia compared to healthy controls. What is more, in male pa-
tients lower T/C ratio is significantly associated with more severe PDA

symptomatology. On the contrary, in female patients a significant po-
sitive association emerged between both testosterone levels and the T/C
ratio with the severity of PDA symptoms. Future studies are needed to
replicate our findings in larger patients’ samples and to explore their
potential therapeutic implications in clinical practice.
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