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Abstract Reduced heart rate variability (HRV) constitutes

a widely used marker of cardiac autonomic inflexibility

which has been linked to disorders such as panic disorder

(PD). To date, the pathophysiological mechanisms

whereby panic leads to attenuated HRV are not fully elu-

cidated. We aimed to investigate the hypothesis that PD

patients show pathological reactivity both in response to

interoceptive and psychosocial stress in comparison to

healthy individuals. We performed a controlled study on 38

patients diagnosed with PD [20 males and 18 females aged

35.55 ± 10.12 years, mean ± standard deviation] and 23

age and gender matched healthy control participants. Dis-

tress was induced using the Trier Social Stress Test (TSST)

and the dexamethasone–corticotropin-releasing-hormone

(DEX–CRH) test. We assessed HRV prior to, during, and

post-stress induction using the root mean square successive

differences (RMSSD) as well as spectral analysis (high

frequency; HF and low frequency; LF). Statistical analyses

revealed significant main effects of time for mean heart

rate (HR), HF, LF (solely DEX–CRH), LFHF-ratio (solely

TSST) and the RMSSD. Significant interaction effects

were observed with more pronounced increases in mean

HR (TSST) and LFHF-ratio (DEX–CRH) in the healthy

control participants. No significant main effects of group

were observed. Overall, our results indicate ‘‘normal’’

HRV parameters in patients with PD. The HRV of PD

patients is no worse than that of healthy control participants

since the HRV profiles were similar between the study

groups. The current study is one of rather rarely published

studies which was unable to show an influence of PD on

HRV. Implications for future studies are under discussion.

Keywords Heart rate variability � Panic disorder � TSST �
DEX–CRH test

Introduction

Panic disorder (PD) is a clinical and socioeconomic prob-

lem with a lifetime prevalence of up to 4.7% (Goodwin

et al. 2005) and annual overall costs of up to 23.5 million

US$ per million inhabitants (Smit et al. 2006). Further-

more, PD has been linked to an increase in cardiovascular

disease and mortality (Albert et al. 2005; Fleet et al. 2000;

Katerndahl 2008; Smoller et al. 2007). Patients experience

panic attacks characterized by symptoms of autonomic

arousal such as palpitations, hyperventilation, dizziness,

tremor, chest discomfort, sweating, and hot and cold flu-

shes (Woodward et al. 2009). Alarming somatic symptoms

and cardiovascular symptoms, in particular, are among the
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hallmarks of panic attacks, along with an intense fear of

dying and loss of control (Katerndahl 2008). The auto-

nomic nervous system appears to be intimately involved in

the initiation and manifestation of panic attacks (Friedman

and Thayer 1998). The increased risk of cardiac events

associated with PD has been linked to the abnormal or

deregulated autonomic system, in particular to alterations

in heart rate (HR), and heart rate variability [HRV;

(Friedman 2007].

The HRV is a measurement of the beat-to-beat difference

inHR. It ismediated by the parasympathetic and sympathetic

cardiac nerves and reflects the capacity for the parasympa-

thetic inhibition of autonomic arousal. A highHRV reflects a

healthy autonomic nervous system that is able to respond to

changing environmental circumstances (Porges 2011;

Thayer and Lane 2009). By contrast, a decreased HRV is a

marker of the autonomic inflexibility of various clinical

disorders (Bloomfield et al. 1997; Ponikowski et al. 1997;

Thayer and Lane 2000) and ill health (Dekker et al. 2000)

which may precede more systemic problems such as

inflammatory-mediated atherosclerosis and ventricular fib-

rillation (Thayer et al. 2010), especially in younger samples.

The power spectrum analysis of the HRV assesses the

quantitative contribution of high frequent (HF) and low

frequent (LF) components to the total variance (power) of

HR. Previous studies suggested that HF is a marker of the

parasympathetic vagal tone that depends on respiration

(Stein and Kleiger 1999; Task Force 1996). LF power has

usually been proposed to be a marker of both, sympathetic

and parasympathetic activity (Cohen et al. 2000; Winchell

and Hoyt 1996). The ratio of LF power to HF power (LF/HF

ratio) has often been interpreted as an index of cardiac

sympathovagal balance (Alvarenga et al. 2006). This inter-

pretation has recently been challenged by a growing body of

evidence suggesting that the LF component of HRV is not a

specific marker for cardiac sympathetic outflow (Billman

2007; Eckberg 1997; Goldstein et al. 2011; Pellegrino and

Schiller 2015) but amarker of baroreflex function (Goldstein

et al. 2011).

In clinical psychological research, different kinds of

stressors were used to evaluate HRV in patients diagnosed

with PD: (1) interoceptive stressors including orthostatic

challenges, hyperventilation, and sympathomimetic drug

intake (e.g. yohimbine, lactate) as well as (2) psychosocial

stressors, including the Trier Social Stress Test (TSST;

Kirschbaum et al. (1993)) and stress recall paradigms.

Available studies reported mixed findings. (1) Some evi-

dence exists for lower vagal tone in patients with PD in

response to orthostatic maneuvers (Yeragani et al.

1993, 1997), to lactate infusion (Yeragani et al. 1994) and

isoproterenol (Yeragani et al. 1995b). These results com-

bine well with studies on resting HRV, also suggesting

decreased variability at supine rest in PD patients (Klein

et al. 1995; Middleton et al. 1994; Yeragani et al. 1990).

However, some studies resulted in increased HRV param-

eters in response to orthostatic challenge (Yeragani et al.

1995a) and sympathomimetic drug intake (isoproterenol:

Pohl and Yeragani (2001); yohimbine: (Albus et al. 1992;

Yeragani et al. 1992). Beyond these findings of an altered

HRV, some studies reported no differences in HR or vagal

tone on orthostasis between patients with PD and healthy

control study participants, suggesting ‘‘normal’’ cardiac

autonomic reactivity in PD (orthostatic change: (Stein and

Asmundson 1994; Yeragani et al. 1990); hyperventilation:

Asmundson and Stein (1994)). These findings conflict with

results by Phebe et al. (1997) who did not show an increase

in sympathetic activity upon orthostatic challenge in

unmedicated PD patients. They concluded that PD patients

lack the normal baroreflex response (parasympathetic

decrease) found in healthy control participants. (2) Effects

of psychosocial stress induction on HRV parameters

combine well with increased HRV parameters in response

to sympathomimetics (Albus et al. 1992; Pohl and Yera-

gani 2001; Yeragani et al. 1992). Specifically, in a stress

recall paradigm Cohen et al. (2000) described an analysis

of HRV during the recall of a panic attack. In patients with

PD, a significant increase in HR, LF, HF, and the LF/HF-

ratio have been observed compared to the healthy control

participants. Therefore, during recall, the PD patients

seemed to have elevations in sympathetic (HR) and in

parasympathetic activity (LF, HF, LF/HF-ratio). Psy-

chosocial stress induction, using the TSST, also led to an

increased HR and LF/HF-ratio, but to a decreased RMSSD,

a time-domain measure of HRV estimating high-frequency

variations in HR due to the parasympathetic control of the

HRV (Petrowski et al. 2010).

The current study aimed at investigating alterations in

HRV parameters following psychosocial stress induction

using the TSST and interoceptive stress induction using the

dexamethasone–corticotropin-releasing-hormone-test

(DEX–CRH test). We investigated whether our previous

findings of increased frequency domain parameters and

decreased RMSSD in PD patients in response to the TSST

were replicated in the present independently collected

HRV data and whether this became evident in response to

the DEX–CRH test as well. The DEX–CRH test induces

hormonal stress, which is uncomfortable for the partici-

pants and leads to interoceptive stress. However, it is

unclear whether the (cardiac) autonomic control after the

CRH challenge becomes altered. Since the cortisol

response increases due to CRH-injection (Erhardt et al.

2006; Petrowski et al. 2012), HR should increase and HRV

should decrease. We hypothesized that patients with PD

would show decreased HRV both after psychosocial stress

induction and the DEX injection compared to healthy

control participants.
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Methods

Study Participants and Procedures

This studywas conducted as part of a trial on the dissociation

between ACTH and cortisol response in the

DEX–CRH test previously published (Petrowski et al. 2012).

The patients for the study were recruited at the University

Hospital of the Technical University Dresden, Germany

from2008 to 2011. The StructuredClinical Interview (SCID;

(Spitzer et al. 1992; Wittchen 1993) for the Diagnostic and

Statistical Manual of Mental Disorders (DSM-IV) was used

to ascertain a diagnosis of PD with or without agoraphobia

(American Psychiatric Association 2000). The general

diagnostic exclusion criterion for all study participants was

any acute and/or chronic medical illness as assessed by a

physical examination and a routine laboratory test. Further,

the study protocol only allowed participants aged 18–65who

smoked no more than ten cigarettes/day and whose body

mass index (BMI) did not exceed 27 kg/m2. The healthy

control participants were recruited through newspaper

advertisements and matched to the patient samples by age

and gender. Inclusion in the healthy control group was

ensured if study participants did not report a lifetime history

of any mental disorder according to the SCID.

The first patient sample consisted of 48 patients with a

current diagnosis of PD and was recruited prior to treatment

between May 2008 and September 2011. The patients were

sent to our outpatient clinic by their general practitioner. Five

patients had to be excluded due to thyroid hormone therapy.

Three patients had to be excluded due to a panic attack during

DEX–CRH testing, and one patient had to be excluded due to

benzodiazepine drug treatment. For the HRV-analyses during

the DEX–CRH test, one PD patient and nine healthy control

participants were excluded due to the substandard quality of

the HR recording, resulting in a final sample of n = 38

patients with PD, all recruited and tested in our anxiety out-

patient clinic, and n = 32 healthy control participants. Ten of

the patients with PD met the criteria for PD without agora-

phobia and 29 for PDwith agoraphobia. The characteristics of

both study groups are summarized in Table 1. All the study

participants provided written informed consent. The study

protocol was approved by the local Ethics Committee of the

Medical Faculty of the Technical University of Dresden,

Germany (No#EK460230008).

Interventions

The TSST and DEX–CRH test were performed in random

order on different days. The female participants were tested

in the luteal phase in order to standardize the influence of

the menstrual cycle.

TSST

All participants performed the standardized Trier Social

Stress Test (TSST). The TSST was developed for moderate

psychosocial stress induction under laboratory conditions.

The test protocol and effects of this procedure were

described previously (Kirschbaum et al. 1993; Petrowski

et al. 2010). In brief, participants were asked to assume the

role of a job applicant who was invited to a personal

interview with the company’s staff managers (selection

committee). The participant was told that after a prepara-

tion period of 5 min duration they should introduce

themselves in a free speech of 5 min duration and convince

the committee that they were the perfect applicant for the

vacant position. Then, a mental arithmetic task with the

participants counting backwards from 2083 in increments

of 13 was conducted. After the mock job interview and the

task of mental arithmetic were completed, a five-minute-

resting period followed. Blood samples for cortisol analysis

were taken 75 and 1 min before the TSST as well as 1, 10,

20, 30, 45 and 60 min post-TSST. To account for cortisol

circadian rhythm and DEX–CRH schedule, TSST was

performed in the afternoon not earlier than 1400 h.

DEX–CRH Test

Further, all of the participants were scheduled for the DEX–

CRH test according to the procedure published by Schreiber

et al. (1996) and Heuser et al. (1994). An oral dosage of

1.5 mg Dexamethasone was administered at 2300 h. The

study participants reported to the clinic at 1400 h the fol-

lowing day. They were asked to refrain from eating, drink-

ing, and smoking at least 2 h before testing and during the

three -and a-half hours of testing. They rested in a comfort-

able, supine position with light reading permitted. A venous

catheter was placed at 1415 h to later collect eight consec-

utive blood samples each for analyzing the ACTH and the

cortisol concentration, respectively. After an accommoda-

tion time of 45 min, two blood samples were taken before an

intravenous injection of 100 lg CRH was administered at

1501 h (15 and 1 min before injection).Afterwards, sixmore

blood samples were collected at fifteen-minute intervals (15,

30, 45, 60, 75, 100 min post-injection). Hormonal data

confirm the cortisol stress response and are reported in our

previous paper (Petrowski et al. 2012).

Instruments

Psychometrics

The psychopathological burden and the severity of the panic-

agoraphobia symptoms were measured by two instruments:

(1) the Symptom-Check-List [SCL; (Derogatis 1977; Franke
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and Derogatis 2002] consisting of 90 items with a five-point

rating scale (range: 20-80) to evaluate the psychological and

physical impairment and (2) the Panic and Agoraphobia-

Scale (PAS; (Bandelow 1997) consisting of 13 items rated on

a five-point rating-scale (range: 0–52) to assess the symptom

severity for phobic anxiety. Additionally, the depressive

symptoms were evaluated using (3) the Beck-Depression-

Inventory (BDI; (Beck et al. 1987; Hautzinger et al. 1994)

which consists of 21 symptoms rated in terms of intensity

from 0 to 3 (range: 0–63). All instruments were administered

in German.

HRV Assessment

The HR and HRV parameters were calculated over 5-min-

uteintervals during a pre-TSST resting period, after the mental

arithmetic task, and during a post-TSST recovery period. The

HR analysis was performed by means of the Polar � watch

system (S810, Polar, Finland) as previously described in

detail (Radespiel-Tröger et al. 2003) RR-intervals were

recorded automatically by means of a receptor belt and stored

using a wrist sensor unit and transferred by means of an

interface to a microcomputer. The S810 recorded in the

sampling frequency of 1.000 Hz, giving a temporal solution

of 1 ms for each RR period. The Polar S software corrects for

artefacts, using an error filter and beat protection function.

The Polar S software was used for the HRV analysis. To

evaluate the HRV, the following parameters were used: the

root mean square successive differences (RMSSD) were

calculated for a time domain parameter of the HRV. The

RMSSD captures changes in the HR in response to respiration

(Berntson et al. 2005). Further, the high frequency (HF;

0.15–0.40 Hz), the low frequency power (LF; 0.04–0.15 Hz)

and the LF/HF ratio were assessed by means of a fast Fourier

transformation algorithm to specify the HRV. The HRV

parameters (not HR) were subject to log transformations.

Statistical Analyses

A power analysis showed that expecting a medium effect

size of Coheńs f = .025 and using an ANOVA for repeated

measures as statistic test to prove in-between interactions

with three groups, n = 8 repetitions and a significance

level of p = .05, that a total sample size of n = 21 study

participants per group was needed. Thus, the sample in the

present study was large enough for testing our hypotheses.

The data were analyzed according to the normality of

distributions and were, in case of not normally distributed

data, subjected to natural log transformations.

The course of saliva cortisol release was analyzed by a

repeated measures ANCOVA with group [2] as between-

subject factor and time [8] as within-subject factor, and

with baseline saliva cortisol as a covariate. This served as a

manipulation check for stress induction and was carried out

Table 1 Characteristics of

patients and controls (total

sample)

PD HC F/v2 p

Total (N) 38 23

Females (n) 18 14

Males (n) 20 9 1.047 .428�

Age (years), mean (SD) 35.55 (10.12) 33.24 (11.88) 0.652 .422

BMI 23.25 (2.98) 23.06 (2.21) 0.070 .792

Cigarettes/day (SD) 4.26 (6.19) 0.83 (2.39) 6.473 .014*

Contraceptive pill, n (%) 4 (22.22) 6 (42.86) 3.129 .144�

Antidepressive medicationa, n (%) 6 (15.79) 0 (0.00) 4.786 .038�*

Cardioactive medicationb, n (%) 2 (5.26) 0 (0.00) 1.252 .522�

BDI, mean (SD) 11.21 (7.74) 4.74 (6.09) 11.681 \.01**

SCL GSI, mean (SD) 104.67 (58.35) 63.00 (29.72) 1.215 .332

Phobic Anxiety (SCL), mean (SD) 1.10 (1.90) 0.24 (0.30) 0.598 .483

PAS, mean (SD) 17.66 (11.76) 3.95 (6.84) 3.270 .121

PD patients diagnosed with panic disorder, HC healthy control participants, BDI Beck-Depression-In-

ventory, SCL Symptom Check List; GSI General-Symptom-Index, PAS Panic and Agoraphobia-Severity-

Scale
a Antidepressive medication was: selective serotonin re-uptake inhibitors (Cipralex, Citalopram), nora-

drenergic and specific serotonergic antidepressant (Mirtazapin), selective serotonin-noradrenalin-reuptake-

inhibitor (Venlafaxin), tricyclic antidepressant (Doxepin, Amitriptylin)
b Cardioactive medication was: calcium channel antagonist (Amlodipin), ACE inhibitor with hypertension

indication (Ramipril)
� Chi square test

* p B .05; ** p B .01; *** p B .001
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for both the TSST and DEX–CRH test. The degree of

freedom was adjusted with the Greenhouse-Geisser

approach, taking sphericity into account.

For the analysis of the effects on the HRV during the

TSST, we conducted a 2 (group: patients with PD, healthy

control participants) x 3 (time: pre-TSST resting period,

post-mental arithmetic task, post-TSST recovery period)

ANOVA for repeated measures for HR, RMSSD, HF, LF

and LF/HF ratio. As group comparisons revealed a sig-

nificant difference in antidepressant medication intake, and

since tricyclic antidepressants are known to decrease the

HRV (Kemp et al. 2010), ANOVA for repeated measures

were repeated excluding the PD patients who reported

antidepressant medication intake. Further, cigarettes

smoked per day were added as additional covariate since

groups differed significantly in the number of cigarettes per

day. The pre-TSST resting period was defined as 5 min

resting interval before TSST instruction. The post-mental

arithmetic interval is considered as a measure of HRV

during TSST. The post-TSST recovery period was defined

as 5 min resting interval after cessation of the TSST.

Again, participants rested in supine position with light

reading permitted.

For the analysis of the effects on the HRV during the

DEX, we conducted a 2 (group: patients with PD, healthy

control participants) 9 3 (time: pre-DEX resting period,

post-injection, post-DEX recovery period) ANOVA for

repeated measures for HR, RMSSD, HF, LF and LF/HF

ratios. As group comparisons revealed significant differ-

ences in antidepressant treatment and cigarettes smoked

per day, cigarettes smoked per day was added as additional

covariate, and ANCOVA for repeated measures were

repeated excluding the PD patients who reported antide-

pressant medication intake from the analyses. The pre-

DEX resting period was defined as 5 min resting interval at

the end of the accommodation time before CRH-injection.

The participants rested in supine position with light reading

permitted. A 5 min interval immediately after CRH injec-

tion (and before the 15 min blood sample) is considered as

a measure of HRV during DEX–CRH test. The post-DEX-

injection was defined as 5 min interval after cessation of

blood sample collection. The homogeneity of variances

was controlled by Mauchly’s test of spherecity. The

ANOVA results were corrected by Greenhouse-Geisser

whenever necessary.

Results

Participant Characteristics

The participants’ characteristics are described in Table 1.

PD patients matched the healthy control participants in

demographic and biological variables, except for signifi-

cant differences in cigarettes smoked per day and antide-

pressant medication intake (p’s B .05), whereby six PD

patients were on antidepressant treatment as compared to

none in the healthy control group (two patients were taking

tricyclic antidepressants). Comorbid mental disorders were

depressive disorders (n = 25) and specific phobia (n = 1).

With regard to the clinical measures, significant differ-

ences between the patients with PD and the healthy control

participants could be shown for the BDI-score (p B .001).

On a descriptive level, patients with PD showed higher

scores in the symptom severity index on the panic and

agoraphobia-scale, the phobic-anxiety-scale, and the Glo-

bal Severity Index (GSI) of the SCL-90 (Table 1). Eight

patients showed a borderline severity of panic and agora-

phobic symptoms, n = 8 patients showed a mild, n = 14

patients a moderate severity, n = 8 patients with PD

showed a severe psychopathology on the Panic and Ago-

raphobia-Scale, respectively. The mean age at the onset of

the PD was 27.48 ± 11.21 years of age, and the mean

duration of the PD was 6.10 ± 9.34 years. Sixteen of the

patients had shown a first manifestation of the symp-

tomatology during the previous two years.

Manipulation Check

Saliva cortisol levels were found to increase following the

TSST (F1.662;83.119 = 20.522, p B .001). ANCOVA

revealed neither a group effect (F1;50 = 1.120, p = .295)

nor a time x group interaction effect (F1.662;83.119 = 1.043,

p = .346). Also in regard to the DEX–CRH testing, saliva

cortisol levels were found to increase as already reported in

our previous paper (Petrowski et al. 2012).

TSST HRV Parameters

There were no significant differences between groups in

baseline pre-TSST HRV parameters (p’s C .292). During

the TSST, the following results were noted: as shown in

Table 2, significant main effects of time (p’s B .01; see

Table 2) on all cardiovascular parameters (mean HR, HF

total and relative power, LF/HF-ratio, RMSSD), except for

LF total and relative power, were observed. No significant

main effects of group were observed (p’s C .101). Further,

ANCOVA revealed a significant time x group interaction

effect (p’s B .05). Post hoc analyses showed an increase in

mean HR during the TSST and a decrease at post-TSST

towards pre-TSST level, while the increase in mean HR

was greater in the healthy control participants. The same

was true when PD patients who reported antidepressant

treatment were excluded (data not shown). The difference

in the BDI sum score remained significant after excluding
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these patients (mean (S.D.) PD patients: 9.66 (6.53),

healthy control participants: 4.74 (6.09); F1;54 = 8.014,

p B .05).

DEX–CRH HRV Parameters

There were no significant differences between groups in

baseline pre-DEX HRV parameters (p’s C .123). During

the DEX–CRH test, the following results were noted: as

shown in Table 3, significant main effects of time

(p’s B .05; see Table 3) were observed for (mean HR, HF

total and relative power, LF relative power and the

RMSSD). No significant group effects were observed

(p’s C .238). Further, ANCOVA revealed a significant

time x group interaction effect on LF/HF-ratio (p B .05).

Post hoc analyses revealed that LFHF-ratio decreased after

CRH-injection and increased during recovery in PD

patients, while in healthy control participants LFHF-ratio

increased after injection and stayed at the same level dur-

ing recovery. Basically, the same results were observed

when PD patients who reported antidepressant treatment

were excluded from the analyses (data not shown).

Discussion

The HRV is a measurement of the fluctuations of the HR

and is of cardinal importance to human health (Task Force

1996). Lowered HRV is a marker of autonomic inflexibility

(Task Force 1996). Different HRV parameters in the time-

domain (RMSSD) and frequency-domain (HF, LF, LF/HF-

ratio) are established markers in the detection of autonomic

inflexibility in various clinical disorders (Bloomfield et al.

1997; Ponikowski et al. 1997).

The present study applied the TSST protocol and the

DEX–CRH test to patients diagnosed with PD and healthy

Table 2 HRV profile and results of the ANOVA for repeated measures during the Trier Social Stress Test (TSST). Mean (SD) are listed

Parameter Time PD HC Group F(1,61) (p) Time F(2,61) (p) Group 9 Time F(2,61) (p)

(n = 38) (n = 23)

Mean HRa Pre-TSST 69.87 (8.49) 71.48 (8.07) 2.775 (.101) 49.208 (\.001***) 5.120 (\.05*)

During TSST 87.25 (13.15) 99.00 (17.68)

Post-TSST 68.11 (8.01) 72.11 (8.04)

HF total power� Pre-TSST 2.01 (0.43) 1.95 (0.54) 0.038 (.846) 8.150 (\.001***) 0.041 (.942)

During TSST 1.80 (0.47) 1.71 (0.60)

Post-TSST 2.02 (0.47) 2.03 (0.55)

HF relative power� Pre-TSST 1.12 (0.24) 1.07 (0.28) 0.250 (.619) 5.952 (\.01**) 0.831 (.436)

During TSST 0.80 (0.32) 0.89 (0.24)

Post-TSST 1.04 (0.30) 1.00 (0.26)

LF total power� Pre-TSST 2.45 (0.42) 2.39 (0.38) 0.436 (.512) 2.721 (.071) 0.296 (.740)

During TSST 2.59 (0.38) 2.37 (0.53)

Post-TSST 2.56 (0.34) 2.54 (0.53)

LF relative power� Pre-TSST 1.56 (0.18) 1.51 (0.16) 0.111 (.740) 0.000 (1.00) 0.324 (.723)

During TSST 1.58 (0.22) 1.56 (0.21)

Post-TSST 1.58 (0.50) 1.51 (0.23)

LF/HF-ratio� Pre-TSST 0.44 (0.30) 0.45 (0.28) 0.487 (.488) 6.153 (\.01**) 0.208 (.786)

During TSST 0.79 (0.28) 0.67 (0.26)

Post-TSST 0.54 (0.28) 0.51 (0.24)

RMSSD� Pre-TSST 1.49 (0.22) 1.46 (0.27) 0.446 (.507) 29.857 (\.001***) 1.033 (.342)

During TSST 1.31 (0.22) 1.17 (0.29)

Post-TSST 1.50 (0.24) 1.50 (0.29)

PD patients diagnosed with panic disorder, HC healthy control subjects,Mean HR mean heart rate, Pre-TSST TSST pre-measurement, Post-TSST

TSST post-measurement, HF high frequency component of the power spectrum, LF low frequency component of the power spectrum, RMSSD

square root of successive R–R interval differences
a Post hoc analysis: pre-TSST\ during TSST, during TSST[ post-TSST (p’s\ .001)
� All data were log 10 transformed, except for mean HR

* p B .05; ** p B .01; *** p B .001
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control participants. We hypothesized that patients with PD

would show a decreased HRV both after psychosocial

stress induction using the TSST and interoceptive stress

induction using the DEX injection compared to healthy

control participants. During the psychosocial stress condi-

tion, mean HR and LFHF-ratio increased and predomi-

nantly vagally mediated HRV-components decreased (the

HF component and the RMSSD) in both patients with PD

as well as healthy control participants. Similar alterations

of cardiovascular parameters were observed following the

CRH-injection: mean HR increased, while HF, LF relative

power and the RMSSD decreased in both study groups. It is

interesting that both, the PD patients and the healthy con-

trol participants, showed comparable HRV profiles. The

results of our investigation cannot be interpreted as specific

to PD patients since the healthy control participants of our

investigation showed similar HRV profiles. Thus our

hypothesis was only partially confirmed in that the HRV

components decreased indeed, but no significant group

differences emerged. However, statistical analyses revealed

significant interaction effects in regard to mean HR

(TSST), and LF/HF-ratio (DEX–CRH test). The healthy

control participants showed more pronounced alterations in

both parameters. In healthy control participants the LFHF-

ratio increased after CRH-injection and remained at the

same level during recovery, as compared to the PD patients

in whom the LFHF-ratio decreased after injection and

increased during recovery. Concerning mean HR during

the TSST, both study groups showed an increase of mean

HR during the TSST and a decrease after the TSST, but

increase in mean HR was greater in the healthy control

participants. However, these significant interactions may

have been chance findings, considering the otherwise

negative findings, and possibly reflect type I errors.

Previous research demonstrated mixed findings on HRV

parameters in patients with PD.

Table 3 HRV profile and results of the ANCOVA for repeated measures during the dexamethasone–corticotropin-releasing-hormone-test

(DEX–CRH-test)

Parameter Time PD HC Group F(1,61) (p) Time F(2,61) (p) Group x Time F(2,61) (p)

(n = 38) (n = 23)

Mean HR Pre-DEX 75.95 (13.14) 74.23 (10.65) 0.012 (.911) 32.003 (\.001***) 1.619 (.207)

Post-Injection 93.07 (18.70) 88.30 (11.98)

Post-DEX 82.42 (13.92) 82.05 (12.16)

HF total power� Pre-DEX 1.88 (0.63) 2.04 (0.58) 0.218 (.642) 3.948 (\.05*) 0.336 (.691)

Post-Injection 1.68 (0.79) 1.77 (0.54)

Post-DEX 1.76 (0.60) 1.77 (0.64)

HF relative power� Pre-DEX 1.09 (0.31) 1.26 (0.29) 0.037 (.848) 9.001 (\.001***) 2.107 (.137)

Post-Injection 0.82 (0.49) 0.79 (0.43)

Post-DEX 1.03 (0.26) 1.00 (0.31)

LF total power� Pre-DEX 2.39 (0.46) 2.39 (0.51) 0.003 (.955) 1.025 (.362) 1.662 (.195)

Post-Injection 2.17 (0.58) 2.38 (0.40)

Post-DEX 2.32 (0.52) 2.37 (0.47)

LF relative power� Pre-DEX 1.59 (0.18) 1.61 (0.12) 1.422 (.238) 9.628 (\.001***) 0.348 (.644)

Post-Injection 1.31 (0.33) 1.40 (0.28)

Post-DEX 1.60 (0.17) 1.59 (0.15)

LF/HF-ratio�a Pre-DEX 0.50 (0.38) 0.35 (0.33) 0.690 (.410) 2.684 (.074) 3.922 (\.05*)

Post-Injection 0.49 (0.36) 0.61 (0.40)

Post-DEX 0.56 (0.30) 0.60 (0.34)

RMSSD� Pre-DEX 1.41 (0.35) 1.47 (0.32) 0.185 (.669) 9.601 (\.001***) 0.418 (.626)

Post-Injection 1.21 (0.42) 1.29 (0.26)

Post-DEX 1.31 (0.34) 1.32 (0.30)

Mean (SD) are listed

PD patients diagnosed with panic disorder, HC healthy control subjects, Mean HR mean heart rate, Pre-DEX DEX pre-measurement, Post-

Injection after DEX injection, Post-DEX DEX post-measurement, HF high frequency component of the power spectrum, LF low frequency

component of the power spectrum, RMSSD square root of successive R–R interval differences
a Post hoc analysis: pre-DEX\ post-Injection, post-DEX; post-Injection\ post-DEX (p’s\ .05)
� All data were log 10 transformed, except for mean HR

* p B .05; ** p B .01; *** p B .001
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Specifically, a depressed HRV through vagal blocking

and/or sympathetic activation were found in response to

different stressors (orthostasis: (Friedman and Thayer 1998;

Yeragani et al. 1993, 1997); lactate infusion: (Yeragani et al.

1994); isoproterenol: (Yeragani et al. 1995b). However,

some authors reported no increase in the sympathetic activity

upon orthostatic challenge (Phebe et al. 1997) or even an

increase in the total HRV upon challenge (sympathomi-

mentics: (Albus et al. 1992; Pohl and Yeragani 2001; Yer-

agani et al. 1992); psychosocial stress induction: (Cohen

et al. 2000; Petrowski et al. 2010). Besides, there are inves-

tigations that failed to demonstrate any differences in the HR

and HRV parameters between PD patients and healthy

control study participants (Asmundson and Stein 1994; Stein

and Asmundson 1994; Yeragani et al. 1990). Overall, our

findings combine well with the results by the latter who also

failed to find a distinct HRV profile in PD patients. Further,

our finding of no baseline differences under resting condi-

tions in HRV parameter conflict with previous research

showing decreased HRV parameters at rest in PD patients

(Klein et al. 1995; Middleton et al. 1994; Yeragani et al.

1990). However, healthy control participants showed more

distinctive alterations in mean HR (TSST) and LFHF-ratio

(DEX–CRH) as compared to the PDpatients. This difference

resembles the hypo-reactiveness in the cortisol stress

response to the TSST seen in PD patients (Hollander et al.

1989; Levin et al. 1987; Petrowski et al. 2010; Sinha et al.

1999).

To our knowledge, this is the first study using two highly

standardised procedures in a patient sample and a healthy

control sample. On a descriptive level, the patients diag-

nosed with PD showed lower scores of vagally-mediated

HRV parameters (HF, RMSSD) especially during the DEX–

CRH test as compared to the healthy control participants.

The patients with PD may have experienced the DEX–CRH

test as an ‘‘interoceptive challenge’’ triggering stress and

sympathetic activation. The DEX–CRH test induces hor-

monal stress and therefore might trigger one of a panic

patient’s major fears. Patients with PD usually demonstrate a

heightened level of fear of interoceptive sensations

(McNally 2002), and report fear of medication intake and

side effects. Due to this concern, patients with PD are

engaged in attending to internal sensations that indicate

panic and in monitoring these sensations. The DEX–CRH

test requires the oral intake of Dexamethasone und the

injection of 100 lg CRH. Anticipatory fear of uncomfort-

able bodily sensations may have increased the sympathetic

control over the HR and thus depressed the HRV.We did not

include an instrument which could have assessed the level of

anxiety experienced by our study participants. Hence, we

cannot know whether the PD patients experienced more

discomfort in response to either one of the two interventions

as compared to the healthy participants. Possibly, the

stressors we used did not trigger any anxiety in the patients

with PD as hyperventilation, orthostatic challenge, or lactate

infusion had done of previous studies. Further, the specific

symptoms and intensity of PD vary over the duration of the

disorder, also including asymptomatic episodes. Most

studies reported significant reductions in the HRV parame-

ters in PD patients (Chalmers et al. 2014; Friedman 2007). It

is unknown if HRV parameters normalized during asymp-

tomatic intervals. In this context, emotion regulation abili-

ties seem to be important (Wang et al. 2016). However,

descriptive findings of decreased HRV in PD patients pos-

sibly reflect differences in task involvement. This explana-

tion correlates with findings of decreased physiological

arousal parameters in non-assertive women as compared to

assertive women during an assertion challenge task (Lehrer

and Leiblum 1981). Further, Backs et al. (2000) observed

vagal withdrawal in a medium and high workload air traffic

control task. Since we did not include an instrument which

controls for task involvement, this explanation remains

rather suggestive.

Limitations include the lack of a baseline condition.

Previous research showed PD patients to be specifically

reactive in response to stress anticipation or novelty cues and

stress recovery (Abelson et al. 2007; Grillon et al. 2008).

Possibly, the absence of a baseline condition in the present

study may have masked differential HRV effects between

study groups. A second major limitation of this study is that

we did not assess the respiration rate. The control of the

respiration rate is recommended since the HRV (especially

the HF component and the RMSSD) differs with respiratory

frequency (Berntson et al. 1997; Berntson et al. 2005).

Further, it is critical that most of the PD patients suffered

from a depressive disorder (64%), making it difficult to

separate the impact of the PD alone on the HRV. Depression

is also associated with a decreased HRV (Kemp et al. 2010).

Future studies should include study groups of PD patients

with and without comorbid depressive disorders to analyze

the impact of comorbid depression on the HRV parameter in

patients with PD as compared to PD patients and healthy

control participants. Last, future studies should include a

self-report instrument of state anxiety to test whether the

stressors used trigger a patient’s particular anxiety.

In conclusion, our results indicate ‘‘normal’’ HRV pro-

files in patients diagnosed with PD. The HRV of PD

patients seems no worse than that of healthy control par-

ticipants. Future studies should address the impact of

comorbid depression as well as the sympathetic or vagal

origin of the LF component.
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