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Background: It is unclear whether hypothalamic–pituitary–adrenal axis is involved in the 

pathophysiology of panic disorder (PD). The findings remain inconsistent. Cortisol awakening 

response (CAR) is a noninvasive biomarker of stress system activity. We designed the study 

to assess CAR in drug-naïve PD patients. 

Materials and methods: We assessed CAR in 14 psychotropic drug-naïve outpatients with 

PD and 14 healthy controls. The severity of PD was assessed with Panic and Agoraphobia Scale. The 

severity of anxiety and depression was screened with Hospital Anxiety and Depression Scale. 

Results: No significant difference in CAR between PD patients and control group was found. 

No correlations were observed between CAR and anxiety severity measures in PD patients 

and controls. 

Limitations: The number of participating subjects was relatively small, and the study results 

apply to nonsuicidal drug-naïve PD patients without agoraphobia and with short-illness duration. 

There was a lack of control on subjects’ compliance with the sampling instructions.

Conclusion: The study provides no support for elevated CAR levels in drug-naïve PD patients 

without agoraphobia.

Keywords: panic disorder, PD, CAR, cortisol awakening response, HPA axis, hypothalamic–
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Introduction
A dysregulation of the hypothalamic–pituitary–adrenal axis (HPA axis) with cortisol 

secretion abnormalities are reported in anxiety disorders.1,2 The HPA axis dysfunction 

may not be a consequence of these disorders. However, the manifestation of persistent 

neurobiological abnormalities that predispose to their development dependent on 

specific combinations of stress exposure may result in HPA axis dysfunction.3 HPA 

axis acts through the cortisol, which is secreted in a distinct daily pattern.2,3 

Cortisol awakening response (CAR) is a cortisol rise that occurs during the first 

hour after waking from sleep. It reflects an acute, natural rise in cortisol triggered by 

morning awakening and is a reliable biomarker of HPA axis activity that is distinct 

from diurnal variation with numerous secretory episodes of short duration and high 

amplitude and steady decline throughout the day with the lowest levels during the 

first half of the night.4 The absolute level of free cortisol in saliva is 10%–35% lower 

than its level in blood. Changes in plasma and salivary cortisol levels are strongly 

correlated. Salivary cortisol levels behave in nonlinear pattern to serum levels in 

response to a challenge or under conditions that affect cortisol-binding protein such 

as oral contraceptives, pregnancy, or menstrual cycle.3 

It was suggested that CAR is under hippocampus control, and reduced hippocampus 

volume was associated with the blunted CAR.2 It seems that acute stressors lead to 
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an increase in CAR, while chronic, prolonged, or traumatic 

stress seem to be associated with a blunting of the cortisol 

levels after awakening, indicating deficits in the integrity 

of the HPA axis with maladaptive response to stressors.5 

Therefore, the CAR may also be viewed as a measure of 

arousal that may vary in response to the anticipated demands 

of the upcoming day.6

Recent studies produce ambiguous results with regard 

to the association of the level of anxiety as related to HPA 

axis regulation and secretion of cortisol.7 High CAR may 

be associated with the onset of panic disorder (PD) with 

agoraphobia,1 whereas low CAR seems to predict an unfa-

vorable, chronic course of anxiety disorders and may be 

an indicator of the underlying exhaustion of the HPA axis 

defined as the depletion of its activity with a decrease in basal 

cortisol levels and the reduction of stress-induced cortisol 

response.2 It is not clear whether HPA axis is involved in 

pathophysiology of PD. The results may be confounded due 

to methodological limitations including sample sizes, expo-

sure to psychotropics, heterogeneity of PD patients related 

to illness stages, severity, and different sampling times and 

periods of the day.8

In order to address these factors, a case–control study was 

designed to assess CAR in a well-defined cohort of drug-

naïve PD patients without agoraphobia and healthy subjects 

in nonstimulated baseline conditions.

Materials and methods
Subjects
We examined 14 psychotropic drug-naïve outpatients with 

PD. The inclusion criteria were: 18–60 years of age and 

diagnosis of PD without agoraphobia based on Structured 

Clinical Interview for DSM-IV Axis I Disorders (SCID-I) 

(DSM-IV-TR).9 The exclusion criteria were: presence of any 

chronic somatic illness, any positive history of psychotropic 

medication including dietary supplements, any history of endo-

crine, inflammatory, autoimmune, oral/dental health problems 

including salivary gland disorders or neurological diseases, 

inflammatory response in the previous 2 weeks, pregnancy 

or lactation, alcohol or drug abuse in the past 12 months, hor-

monal contraception in the last 12 months, history of suicidal 

attempt, tobacco smoking with more than 25 cigarettes a day, 

ongoing shift-work period, jet-lag (within 7 days).

The control group consisted of 14 healthy subjects 

matched by age and sex, tobacco smoking, menopausal 

status, and metabolic parameters. They were interviewed 

using the Structured Clinical Interview for DSM-IV-TR, 

nonpatient edition.10 All the subjects underwent routine 

physical examination. None of them had a history of seri-

ous medical illness, any positive history of psychotropic 

medication including dietary supplements, oral/dental health 

problems, inflammatory responses in the previous 2 weeks, 

pregnancy or lactation, alcohol or drug abuse in the past 

12 months, hormonal contraception in the last 12 months, 

tobacco smoking with more than 25 cigarettes a day, ongoing 

shift-work period, jet-lag (within 7 days). 

The study was carried out in accordance with the 

Declaration of Helsinki with the approval of the Ethics 

Research Committee of the Medical University of Gdańsk. 

Written consent was obtained from each participant.

Study protocol
The severity of PD in the patient group was assessed with 

Panic and Agoraphobia Scale (PAS).11 The level of anxiety 

and depression was measured with Hospital Anxiety and 

Depression Scale (HADS).12 

The study followed a case–control design. Subjects 

were instructed to collect saliva samples at home on a 

regular, working day, in the habitual awakening time, 

a day after the interview, at baseline. Participants were 

required to record the sampling time. All samplings took 

place in the morning hours, after awakening and 14 study 

subjects returned the samples. Saliva samples were obtained 

using Salivettes sampling devices (Sarstedt AG & Co., 

Nümbrecht, Germany). Participants were instructed to 

collect saliva samples immediately after awakening and 

15 and 30 minutes later. All the subjects received specific 

instructions like covering saliva samples, list of prohibited 

food, beverages (coffee, tea), restraining from smoking and 

brushing teeth before completing sampling. Sampling was 

performed between days 3 and 10 of the menstrual cycle 

in premenopausal women. Although patients were given 

careful instructions, six subjects delivered incomplete sets 

of saliva samples and were excluded from the analysis. All 

the subjects fasted from midnight before the test day and 

arrived to the clinic with saliva samples on the test day. 

Saliva samples were stored at -80°C, with centrifugation 

at 3,000 rpm for 15 minutes after unfreezing for batch 

analysis.

The area under the curve was calculated with respect to 

the increase (AUCi) and with respect to the ground (AUCg) 

using Pruessner’s formulas.13 The AUCg is an estimate of the 

total cortisol secretion over the 30 minutes after awakening, 

whereas AUCi is a measure of the dynamic of the CAR, more 

related to the sensitivity of the system, emphasizing changes 

over time after awakening.14
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Assays
Cortisol analysis was performed by an enzyme-linked 

immunoassay using an ELISA kit (Expanded Range High-

Sensitivity Salivary Cortisol EIA Kit; Salimetrics LLC, 

State College, PA, USA). The assays were run in duplicates. 

The limit of detection of this assay in our laboratory was 

0.007 μg/dL, and the intra- and inter-assay coefficients of 

variation for all the assays are ,10%.

Statistical analysis
The statistical analysis was performed using StatsDirect 

v.2.7.9 (http://www.statsdirect.com). Differences between 

groups for discrete variables were assessed using chi-square 

test, whereas Student’s t-test was used for normal distributed 

variables. The Pearson’s correlation coefficient was used to 

assess the correlations between the obtained variables. All 

tests were two-tailed. The level of significance was set at 

P,0.05.

Results
Table 1 summarizes the demographic and clinical variables. 

There were no significant differences in terms of sex, body 

mass index, waist-hip-ratio, or age between patients and 

controls. There were differences between the two groups in 

HADS-anxiety subscale (P,0.0001; 95% confidence inter-

val [CI] =8.5 [6.0, 11.0]) and HADS-depression subscale 

(P,0.0001; 95% CI =5.7 [2.8, 8.6]); PAS (mean =26.5; 

95% CI =[22.4, 30.6]); and clinical global impression 

(median =4; interquartile range =[4, 5]).

The increase in cortisol levels on awakening was observed 

in both PD subjects and controls (Table 2). However, difference 

in CAR was not statistically significant. There was no difference 

between PD subjects and healthy controls in CAR levels with 

changes in time and CAR parameters. There was no statistically 

significant correlation between CAR levels and PAS score in 

PD subjects. No correlations were observed between CAR and 

HADS scores in both PD patients and controls. 

Discussion
No significant difference in CAR was observed between PD 

patients and healthy controls. The anxiety severity measures 

were not found to be significantly correlated with CAR in 

either group. The results provide no support for the hypoth-

esized link between PD and CAR elevation being correlated 

with the measures of severity and distress in PD.

Our results are consistent with the studies reporting either 

no or little increase of cortisol in PD patients, also including 

measures performed during natural panic attacks.15–17 The 

lack of acute reactivity is in line with the hypothesized 

unresponsiveness of the HPA axis in PD patients.18 Although 

stressful events of either a physical or a psychological nature 

generally activate the HPA axis, resulting in increased secre-

tion of cortisol; PD may be an exception to this rule. The 

present results support the view that CAR in symptomatic 

PD patients is unaltered as compared to controls. 

It seems that the subtle alterations in HPA axis activity 

may rather correlate with the severity of anticipatory anxiety, 

avoidance, and general illness severity in PD.19 Urinary-free 

cortisol levels were found to be elevated in PD subjects 

when measured during the night20 or presenting psychiatric 

comorbidity.21 A higher CAR was associated with current or 

remitted major depression and/or current PD with agorapho-

bia. Still, other anxiety disorders, for example, social phobia, 

generalized anxiety disorder, and PD without agoraphobia did 

not show different cortisol levels as compared to controls.2 

Thus, the dysfunctions of the HPA axis in PD may rather 

reflect the consequence of distress induced by psychiatric 

comorbidity, and the course of the disease along with CAR 

methodology may influence the observations obtained. It may 

be hypothesized that lower cortisol awakening response being 

indicative of hypocortisolism may predict an unfavorable, 

chronic course of anxiety disorders and may be an indicator 

of underlying exhaustion of the HPA axis.2,22 

Study limitations and future 
research
Several study limitations were noted in explaining the results. 

First, the number of participating subjects was relatively 

small. Thus, the results should be replicated in a larger 

sample. Second, the study results apply to drug-naïve PD 

Table 1 Demographic and clinical characteristics of the two 
groups

PD Controls

N
Age (years)

Median
(IQR)

14

32.3
(27.5, 37.1)

14

32.2
(29.3, 35.1)

HADS-A
Mean
(95% CI)

11.4*
(9.0, 13.7)

2.9
(1.5, 4.2)

HADS-D
Mean
(95% CI)

7.1**
(4.2, 10.0)

1.4
(0.6, 2.2)

Notes: *Versus control; P,0.0001, two-tailed unpaired t-test, mean difference 
(95% CI) =8.5 (6.0, 11.0). **Versus control; P,0.001, two-tailed unpaired t-test, 
mean difference (95% CI) =5.7 (2.8, 8.6).
Abbreviations: CI, confidence interval; HADS-A, Hospital Anxiety and Depression 
Scale – Anxiety Subscale; HADS-D, Hospital Anxiety and Depression Scale – 
Depression Subscale; IQR, interquartile range; PD, panic disorder.
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patients without agoraphobia with short-illness duration, who 

were free of comorbid axis I and II conditions. Therefore, the 

selection of study subjects may be reflected in the outcome 

limiting the generalization of the results. Third, we performed 

the study in a group of nonsuicidal patients in order to mini-

mize the influence of suicide ideations on cortisol levels.23 

Fourth, although the saliva sampling technique that we used 

is a noninvasive, stress-free, and easy-to-perform method 

for studying endocrine abnormalities in PD, methodological 

problems of this study included the low return rate of the 

sample sets and the lack of control over subjects’ compli-

ance with the sampling instructions, their food intake before 

collecting saliva samples, and their emotional states when 

the saliva samples were collected. Noncompliance with the 

sampling instructions could have resulted in a measurement 

error. Salivary cortisol samples were only measured on one 

day. Sampling on multiple days could have increased the 

reliability of the measurements.24 Thus, future studies with 

repetitive measures across consecutive days in single subjects 

being corroborated with sampling-targeted methodology are 

warranted. It is important to remember that numerous factors 

may have confounding influence on cortisol levels. Future 

research should employ objective strategies for the verifica-

tion of awakening and sampling times and also diary log 

systems for reporting any violations from instructions.25

Conclusion
There was no difference in CAR between PD and control 

groups. The study provides no support for elevated CAR 

in drug-naïve patients with PD without agoraphobia and is 

suggestive that PD does not activate the HPA axis. 
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