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Salivary Cortisol in Panic Attacks
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Objective: Documentation of hypothalamic-pituitary-adrenal (HPA) axis disturbance in
panic disorder has been inconsistent. Increased cortisol levels have been associated with
altered HPA function due to stress. The authors examined salivary cortisol levels in spon-
taneously occurring, unprovoked panic attacks. Method: Patients with panic disorder (N=
25) collected saliva samples when panic attacks occurred. Levels of cortisol in the saliva
samples were determined and were compared with levels in comparison samples of saliva
obtained 24 hours after the panic attack occurred. Results: During spontaneous panic at-
tacks there was a subtle but significant elevation of cortisol levels, compared with levels ob-
tained 24 hours later. No significant correlations were found between the cortisol elevations
during panic attacks and the severity of the attack as measured by using the Acute Panic
Inventory or the severity of illness as measured by using the Panic and Agoraphobia Scale.
Conclusions: Saliva sampling may be a useful method for investigating neuroendocrine
parameters during spontaneously occurring panic attacks. 

(Am J Psychiatry 2000; 157:454–456)

Panic disorder has been associated with numerous
claims of brain dysfunction, but the neurobiology of
the development of acute panic attacks remains largely
unclear. Interest has focused on the potential role of
the hypothalamic-pituitary-adrenal (HPA) axis in the
pathophysiology of panic disorder; however, findings
have been inconsistent (1). Increased cortisol levels
have been found in normal individuals under stress
provocation (2) and have been associated with altered
HPA function due to stress (3). In patients with panic
disorder, however, investigators have failed to find any
increase in cortisol during panic attacks induced by
lactate infusion (4–6) or carbon dioxide inhalation (5,
7). On the other hand, in patients who experience
panic after lactate infusion, a rise in cortisol was found
before the infusion (8).

In the study reported here, saliva collection was used
to provide samples for measuring concentrations of
cortisol noninvasively during unprovoked panic at-
tacks in the patients’ natural environment.

METHOD

The study design was approved by the institutional ethics commit-
tee. Subjects were consecutively admitted outpatients with panic dis-
order with or without agoraphobia according to DSM-IV.

Severity of illness was measured by using the Panic and Agora-
phobia Scale (9). Patients were eligible for the study if they had a se-
verity score of at least 18 on the clinician-rated version of the scale.
Exclusion criteria were other severe psychiatric or medical illnesses,
pregnancy, and intake of contraceptive pills. Patients had to discon-
tinue treatment with any psychotropic drugs at least 2 weeks before
the study; there was no substantial benzodiazepine withdrawal in
any patient.

Mean severity scores for the patient group were compared with
those for a normative sample of 235 patients with panic disorder de-
scribed elsewhere (9). After the study had been explained to the sub-
jects, their written informed consent was obtained.

Subjects were given a set of 14 Salivette sampling devices (Sarstedt
Inc., Rommelsdorf, Germany) to take with them for use in the event
of an acute panic attack. They were instructed to take a saliva sam-
ple at the beginning of the panic attack and at 5, 10, 15, 20, 25, 30,
45, 60, 120, and 180 minutes after the beginning of the attack. To
obtain comparison values, patients were instructed to take three
samples separated by 15-minute intervals, starting 24 hours after the
attack occurred. If a panic attack occurred at this point, the patients
were to collect the comparison saliva samples another 24 hours later.
Patients were instructed to put the collected samples into the freezer
compartment of their refrigerator. Patients recorded acute panic
symptoms by using the Acute Panic Inventory (10), a questionnaire
with 17 questions that are answered on a 0–3 Likert scale (0=none
to 3=severe). Only attacks with an Acute Panic Inventory score of 10
or higher were evaluated. Patients were to record whether they had
drunk coffee or alcohol, had smoked, or had bleeding gums in the
last hour before taking the samples, as these conditions could lead to
changes in cortisol levels. Samples collected under these conditions
were excluded from evaluation.

Of 51 patients who were given saliva tubes, 35 provided saliva
samples associated with a panic attack. Although patients were
given careful instructions, some subjects delivered incomplete sets of
saliva samples. The samples of 10 of the 35 patients were excluded
from the analysis for the following reasons: 1) insufficient amounts
of saliva in samples (five patients), 2) missing comparison samples
(three patients), and 3) an Acute Panic Inventory score of less than
10 (two patients). We evaluated one attack per patient, so a total of
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25 panic attacks among 25 patients were examined. Sixteen patients
were female. Twenty had panic disorder with agoraphobia, and five
had panic disorder without agoraphobia. The mean age was 32.1
years (SD=8.1). The mean total scores on the Panic and Agorapho-
bia Scale, clinician-rated and self-rated versions, were 27.1 (SD=6.0)
and 26.9 (SD=5.5), respectively. Eight patients had discontinued
their psychotropic medication to participate in the study.

Saliva samples were stored at –80°C, thawed before analysis, cen-
trifuged, extracted by using 1,350 µl ethanol, and analyzed with ra-
dioimmunoassay (Scintillation Proximity Assay, Amersham-Buchler,
Braunschweig, Germany). The sensitivity of the assay was 37.5 pg/
ml. The interassay variance was less than 10%. Recovery values of
the extraction procedure were 85% on average.

Data were analyzed with the Statistical Analysis System (SAS
6.12, SAS Institute, Heidelberg, Germany). The areas under the
curve for cortisol level versus time for 30 and 60 minutes after the
beginning of the panic attack and for the comparison values were
calculated by using the trapezoidal method and compared with a
modification of the Wilcoxon-Mann-Whitney test for the general-
ized Behrens-Fisher problem (11).

RESULTS

According to patients’ records, the panic attacks an-
alyzed in this study lasted 30.7 minutes on average
(SD=13.5, range=12–60). The Acute Panic Inventory
scores for these attacks averaged 22.3 (SD=8.3, range=
10–40).

Mean salivary cortisol levels during the period after
the start of a panic attack and during the comparison
period 24 hours later are shown in figure 1.

The areas under the curve for cortisol level versus
time for the first 30 minutes after the beginning of the
panic attack were significantly larger than the areas
under the curve for the three values obtained during
the 30-minute comparison period (area under the
curve of mean cortisol levels for the first 30 minutes di-
vided by 30=17.8, SD=7.92; area under the curve for
the comparison period, divided by 30=12.3, SD=5.43;
modified Wilcoxon-Mann-Whitney test, B=4.44, N=
25, p<0.0002). Also, the mean cortisol values for the
first hour after the attack were higher than the com-
parison values (area under the curve of mean cortisol
levels during the first 60 minutes divided by 60=17.6,
SD=7.5; B=3.98, N=25, p<0.0005). The mean cortisol
values obtained at 2 hours (14.40 nmol/liter, SD=9.90)
and 3 hours (14.95 nmol/liter, SD=9.73) after the be-
ginning of the panic attack did not differ significantly
from the averaged comparison values (12.36 nmol/li-
ter, SD=5.49) (t=0.87, df=24, p=0.4, n.s., and t=1.1,
df=24, p=0.28, n.s., respectively).

No significant correlations were found between the
relative cortisol elevation during the panic attack (the
ratio of the area under the curve for the attack and the
area under the curve for the comparison period) and
the severity of the attack as measured by using the
Acute Panic Inventory (Spearman rank correlation rs=
0.06, N=25, p=0.77, n.s.) or the severity of illness as
measured by using the Panic and Agoraphobia Scale
(rs=0.18, N=25, p=0.38, n.s.).

The severity of illness in the 25 patients in the study
group was higher than in a normative sample of 235

unselected patients with panic disorder (mean Panic
and Agoraphobia Scale score=27.5, SD=7.3, compared
with mean=23.7, SD=10.8) (Wilcoxon-Mann-Whitney
test, U=3,010, p<0.01).

DISCUSSION

In contrast to most other investigations of cortisol
changes in panic attacks, this study found elevated sal-
ivary cortisol levels during spontaneous panic attacks
in a naturalistic setting. Use of the naturalistic setting
was important because chemically induced panic at-
tacks may differ from genuine panic attacks.

In two previous studies investigating cortisol in
nonchemically induced panic attacks, cortisol eleva-
tions during panic attacks were not significant. In one
study (12), panic disorder patients were exposed to
phobic situations while blood was sampled from an
intravenous cannula. In the other (13), cortisol was
measured during spontaneously occurring panic at-
tacks while patients were confined to bed and blood
was sampled by using an indwelling venous catheter.
In the first study, patients had to be accompanied to
the exposure site by the research psychiatrist; in the
second, patients had to stay in the laboratory. In both
studies, the possibility that subjects’ anxiety was at-
tenuated by the presence of medical personnel cannot
be ruled out, because a main feature of panic disorder
is patients’ assumption that they have an organic dis-
ease that requires immediate medical support. Fur-
thermore, the previous studies measured the total
fraction of plasma cortisol (both free and bound by
corticosteroid-binding globulin), whereas our study
measured salivary cortisol, which highly correlates
with free plasma cortisol (14), the biologically active
fraction (15). Neither decreased nor increased flow
rate has been shown to have any influence on salivary
cortisol concentrations (16).

FIGURE 1. Mean Salivary Cortisol Levels After Start of Sponta-
neous Panic Attack and 24 Hours After Attack in 25 Patients
With Panic Disorder
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Although the saliva sampling technique we used may
be a noninvasive, stress-free, and easy-to-perform
method for studying endocrine abnormalities in panic
disorder, some methodological problems must be dis-
cussed. Taking saliva samples every five minutes might
have distracted the patients, resulting in attenuated
panic anxiety. Moreover, measurements may have been
influenced if patients preferred to obtain saliva sam-
ples for panic attacks that occurred at home and not in
typical agoraphobic situations to avoid embarrassment
associated with using the sample swab while among
other people.

Other methodological problems of this study in-
cluded the low return rate for the sample sets and the
lack of control on subjects’ compliance with the sam-
pling instructions, on their food intake before collect-
ing saliva samples, or on their emotional states when
the comparison saliva samples were collected.

We found that subjects’ cortisol levels were already
elevated at the first measurement point. It is not clear
whether this elevation reflects an anticipatory rise in
cortisol that is present before the patient realizes a
panic attack is occurring or is due to the time that
elapsed between the patient’s becoming aware of the
attack and preparing for saliva sampling.

The reasons for the cortisol elevation remain unclear,
as only limited data are available on the neurobiologi-
cal changes that occur during unprovoked, spontane-
ous panic attacks. The cortisol rise might reflect the
increased stress experienced during an attack. Alterna-
tively, it might be an expression of a dysregulation in
HPA axis function involved in the pathogenesis of
panic attacks, but this explanation is less likely. Addi-
tional studies using the naturalistic setting approach
are needed.

REFERENCES

1. Bandelow B, Sengos G, Wedekind D, Huether G, Pilz J,
Broocks A, Hajak G, Rüther E: Urinary excretion of cortisol,
norepinephrine, testosterone, and melatonin in panic disor-
der. Pharmacopsychiatry 1997; 30:113–117

2. Kirschbaum C, Scherer G, Strasburger CJ: Pituitary and adre-
nal hormone responses to pharmacological, physical, and

psychological stimulation in habitual smokers and nonsmok-
ers. Clin Investig 1994; 72:804–810

3. Huether G: The central adaptation syndrome: psychosocial
stress as a trigger for adaptive modifications of brain structure
and brain function. Prog Neurobiol 1996; 48:569–612

4. Levin AP, Doran AR, Liebowitz MR, Fyer AJ, Gorman JM,
Klein DF, Paul SM: Pituitary adrenocortical unresponsiveness
in lactate-induced panic. Psychiatry Res 1987; 21:23–32

5. Gorman JM, Battista D, Goetz RR, Dillon DJ, Liebowitz MR,
Fyer AJ, Kahn JP, Sandberg D, Klein DF: A comparison of so-
dium bicarbonate and sodium lactate infusion in the induction
of panic attacks. Arch Gen Psychiatry 1989; 46:145–150

6. Hollander E, Liebowitz MR, Gorman JM, Cohen B, Fyer A,
Klein DF: Cortisol and sodium lactate-induced panic. Arch
Gen Psychiatry 1989; 46:135–140

7. Woods SW, Charney DS, Goodman WK, Heninger GR: Car-
bon dioxide-induced anxiety: behavioral, physiologic, and bio-
chemical effects of carbon dioxide in patients with panic disor-
ders and healthy subjects. Arch Gen Psychiatry 1988; 45:43–
52

8. Coplan JD, Goetz R, Klein DF, Papp LA, Fyer AJ, Liebowitz
MR, Davies SO, Gorman JM: Plasma cortisol concentrations
preceding lactate-induced panic: psychological, biochemical,
and physiological correlates. Arch Gen Psychiatry 1998; 55:
130–136

9. Bandelow B: Assessing the efficacy of treatments for panic
disorder and agoraphobia, II: the Panic and Agoraphobia
Scale. Int Clin Psychopharmacol 1995; 10:73–81

10. Dillon DJ, Gorman JM, Liebowitz MR, Fyer AJ, Klein DF: Mea-
surement of lactate-induced panic and anxiety. Psychiatry
Res 1987; 20:97–105

11. Brunner E, Puri ML: Nonparametric methods in design and
analysis of experiments, in Handbook of Statistics, vol 13. Ed-
ited by Ghosh S, Rao CR. Amsterdam, Elsevier, 1996, pp
631–703

12. Woods SW, Charney DS, McPherson CA, Gradman AH,
Heninger GR: Situational panic attacks: behavioral, physio-
logic, and biochemical characterization. Arch Gen Psychiatry
1987; 44:365–375

13. Cameron OG, Lee MA, Curtis GC, McCann DS: Endocrine
and physiological changes during “spontaneous” panic at-
tacks. Psychoneuroendocrinology 1987; 12:321–331

14. Vining RF, McGinley RA, Maksvytis JJ, Ho KY: Salivary corti-
sol: a better measure of adrenal cortical function than serum
cortisol. Ann Clin Biochem 1983; 20:329–335

15. Kirschbaum C, Hellhammer DH: Salivary cortisol in psychobi-
ological research: an overview. Neuropsychobiology 1989;
22:150–169

16. Riad-Fahmy D, Read GF, Walker RF, Griffiths K: Steroids in
saliva for assessing endocrine function. Endocr Rev 1982; 3:
367–395


