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Abstract: Background: Anxiety disorders can be both an independent risk factor of many somatic
conditions and the cause of complications of various organic disorders leading to poor prognosis.
Objectives: The purpose of this study is to compare the heart rate variability (HRV) recorded both
during the day and at night in patients with anxiety disorders and healthy individuals. Methods:
The study was conducted on fifty consecutive outpatients with anxiety disorders who participated
in intensive group psychotherapy. The diagnosis was made according to DSM-IV-TR criteria using
the PSE-10 questionnaire. Out of 50 patients under study, 17 were diagnosed with panic disorder
(PD) and 21 with generalized anxiety disorder (GAD). The control group consisted of 40 healthy
people. The resulting three groups were compared in terms of circadian HRV using the Oxford
Medilog Suprima Holter System. Results: The HRV analysis showed the nocturnal falls in the time
and frequency parameters related to parasympathetic activity (rMSSD, pNNsi, HF). The most
unfavourable alterations were observed in the PD group, which comprised the disappearance of
day vs. night amplitude of the majority of HRV parameters. Hence, the PD group was particularly
susceptible to the arrhythmic events. It was noticeable that nocturnal vagotonia in the PD group
was significantly lower as compared with the GAD and control group. Conclusions: The innovative
aspect of the present study was to find a distinct profile of HRV with regard to the types of anxiety
disorders because of the existing considerable differences between the nature of PD and GAD.

Keywords: heart rate variability; circadian rhythm; panic disorder, generalized anxiety disorder

1. Introduction

The modern civilization contributes to the development of a long-term and nearly permanent
social stress that can be an independent risk factor of many somatic conditions including
cardiovascular diseases. The acute mental stress and depressive illness are perhaps the best
established triggers of psychogenic cardiovascular conditions. The acute mental stress can cause a
unique form of a transient cardiomyopathy known as Tako-tsubo cardiomyopathy or “Broken Heart
Syndrome” — a transient left ventricular dysfunction [1]. In patients with coronary diseases, major
depression is an independent risk factor of mortality [2]. Furthermore, the cardiovascular
consequences of anxiety disorders including panic disorder (PD) and generalized anxiety disorder
(GAD) are also well known. In patients with anxiety disorders, recurrent cardiac events are common
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and associated with not only worse health-related quality of life, but also the unfavourable course of
the primary disease and the worsening prognosis that may lead to higher mortality [3].

The activation of various neurogenic pathways is an important mediator of the acute and chronic
stress-induced heart diseases [3,4]. The anxiety disorders, especially PD, have been shown to be
directly linked to the development of the cardiac arrhythmias, both supraventricular and ventricular
ones. The dysfunction of autonomic nervous system is predominantly implicated in the
pathophysiology of the two afore-mentioned diseases. The increased sympathetic activation is the
most common cause of the stress-induced cardiac arrhythmias. On the other hand, the anxiety
disorders can be complicated by autonomic disorders with the elevated sympathetic control as a
result of decreased vagal tone [3-5].

The psychiatric disorders are associated with a whole array of impairments including
dysregulation of the autonomic or involuntary functions such as heart rate, blood pressure and
respiration. The HRV is one of the most promising markers of autonomic function. It is thought that
HRYV may serve as a surrogate measure of balance between the brain and the cardiovascular system
[6]. Many authors suggest that there is an autonomic dysfunction and reduced heart rate variability
in patients with panic disorder and generalized anxiety disorders [7-9].

The magnitude of HRV reduction correlates with the severity of the psychiatric disorders. Many
studies have shown a reduced HRV in patients with major depression, GAD and PD due to the
elevated sympathetic control and reduced vagal control. The reduced HRV was found in
schizophrenic patients, but only in the long term electrocardiogram recordings. Patients with
Alzheimer’s disease also present with the reduction of HRV, which is limited to the low frequency
component [6,10-12].

The aim of the present study was to evaluate anxiety reactions with regard to the disturbances
of homeostatic processes within the circulatory system as well as assess the HRV profile depending
on the type of anxiety disorder. In order to obtain the optimal assessment of various symptoms
reported by the patients manifesting anxiety disorders, the verification process using the objective
methods such as 24-hour continuous ECG Holter Monitoring with evaluation of HRV was
performed. The HRV analysis and its integration with the assessment and monitoring of psychiatric
patients during therapy may help to elucidate the role of autonomic disturbances in mental disorders
and optimize the treatment.

2. Materials and Methods

Fifty consecutive outpatients suffering from anxiety and personality disorders who participated
in the intensive group psychotherapy at the day ward of the Lower Silesian Center for Mental Health
in Wroctaw (Poland) were enrolled into this study. The patients diagnosed with anxiety disorders
and personality disorders were referred to the psychotherapy day ward by psychiatrists, mainly due
to the inefficacy of pharmacological treatment and individual psychotherapy. The short-term
psychodynamic group psychotherapy with two sessions every working day lasted for 12 weeks. All
the patients with the provisional diagnosis of PD and GAD were enrolled consecutively in the middle
of psychotherapeutic process (between weeks 5 and 8).

The final psychiatric diagnoses were made using the Present State Examination (PSE-10) with
application of DSM-IV-TR criteria and then verified by a psychotherapeutic team at the end of
treatment. The PSE-10 questionnaire is a part of the Schedules for Clinical Assessment (SCAN) aimed
at assessing, measuring and classifying psychopathology and behavior associated with major
psychiatric disorders in the adults [13]. The Polish adaptation of SCAN was a collateral result of the
international EDEN (European Day Hospital Evaluation) project and as such was successfully tested
in the clinical setting [14-16]. The PSE-10 served as a diagnostic tool for panic disorder and
generalized anxiety disorder according to the DSM-IV-TR criteria regarding the time of 24-hour
continuous ECG recordings.

Persons in the control group, with a negative history of anxiety disorders, came from the general
population. They were selected on the occasion of research conducted in the Department of
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Pathophysiology of Wroctaw Medical University and subjected to the same tests as patients with
anxiety disorders.

None of the people included in any of the groups had a diagnosis of arterial hypertension or
cardiovascular disease. Patients with a history of significant atrial or ventricular arrhythmia, other
heart diseases, kidney disease, diabetes mellitus, sleep apnea syndrome, any neurological disease,
psychotic disorders, addiction to psychoactive substances or cognitive impairment were excluded
from the study. The significant differences between the examined groups in terms of sex and age (the
group of 17 patients diagnosed with PD, the group of 21 patients with GAD and 40 subjects from the
control group) were not found.

The heart rate variability (HRV) analysis based on 24-hour Holter ECG recordings is the non-
invasive method for the assessment of cardiac sympathetic-parasympathetic balance. In the present
study, the ambulatory Oxford Medilog MR-63 Holter ECG recorder was used. The HRV analysis was
performed with use of the Oxford Medilog Suprima Holter System (a prospective edition of
automatic analysis was applied). The HRV indices were calculated using time domain analysis (mRR,
SDNN, pNN50 and rMSSD) and frequency domain analysis (LF, HF and LF/HF ratio). A decrease in
HRYV as observed in persons with anxiety disorders is a sign of heart autonomic dysregulation. The
reduced HRV is a widely used marker of cardiac autonomic inflexibility, which is linked to panic
disorder [8].

The investigation was carried out in accordance with the latest version of the Declaration of
Helsinki and the written informed consent was obtained from all the subjects after the nature of the
procedures had been fully explained. The local Bioethics Committee of Wroclaw Medical University
approved this project.

The obtained values are presented as the means + standard deviation (SD) for continuous
variables and numbers (%) for categorical variables. In order to test the obtained data for normal
distribution, Shapiro-Wilk test was used. The variables with non-normal distribution (pNN50, TP,
VLF, LF, HF) were subjected to logarithmic transformation prior to the statistical analysis in order to
obtain normal distribution. The Chi-square test was used for comparison of dichotomous variables.
The statistical differences between more than two groups were assessed using one-way analysis of
variance (ANOVA). The Tukey’s test was used for the post hoc analysis. The Kruskal-Wallis
nonparametric tests together with post-hoc tests and Mann-Whitney U test were also applied.

The Statistica software version 13.3 (StatSoft, Tulsa, OK, USA) was used for the data analysis
and the statistical significance was assumed at p < 0.05.

3. Results

3.1. Charakteristics of the Study Group

In the examined groups, 17 patients with panic disorder (PD) as a main diagnosis and 21 patients
with generalized anxiety disorder (GAD) were enrolled. The personality disorders and somatoform
disorders were the most common comorbidities in the patient groups.Two patients were diagnosed
with co-occurring PD and GAD. They were included in the group with a diagnosis of PD, therefore
the groups of patients differ as to the presence of panic disorder. None of the patients in the GAD
group had panic attacks. Some of the patients in both groups took antidepressants. However, the
differences in the frequency of use of medication groups, which were compared using chi-square test,
were not statistically significant. The control group consisted of 40 healthy volunteers. Persons in the
control group did not undergo pharmacological treatment. Characteristics of these groups were
depicted in the Table 1.

Table 1. Clinical and demographic characteristics of the examined subjects.

Main diagnosis PD GAD Healthy controls
No of patients, n n=17 n=21 N=40
Age:

median, 30 30 33
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(min, max) (21-43) (22-44) (20-42)
mean (SD) 29.6 (6.3) 32.6 (8.1) 34.0(74)
Gender:
Male 6 (35%) 6 (29%) 11 (28%)
Female 11 (65%) 15 (71%) 29 (72%)
Diagnoses PD GAD No psychiatric
diagnosis
GAD (x2) personality
Comorbidities personality disorders (x6)
(x number of comorbid disorders(x5), somatoform No comorbidities
disorders) somatoform disorders (x2), specific
disorder (x1) phobia (x1),
Medication: No of patients: No of patients:
SSRI 5 7
SNRI 2 3 No medication
TCA 0 2
RIMA 1 0
Other 1 1

SSRI - Selective Serotonin Reuptake Inhibitors. SNRI - Serotonin Norepinephrine Reuptake Inhibitors. TCA -
Tricyclic Antidepressants. RIMA — Reversible Inhibitors of Monoamine Oxidase A. Other — benzodiazepines,

oxcarbazepine, valproinic acid.
3.2. HRV Time and Frequency Parameters Obtained in PD, GAD and Control Group

3.2.1. HRV Time Domain Analysis during 24-Hour Holter ECG Monitoring

The analysis of the results included in the Table 2 revealed the lowest values of time parameters
in the PD group, which were significantly lower than the same parameters in the GAD and control
group. The least statistically significant differences were noted between the GAD and control group,
where a significant difference concerned only mRR (p=0.026).

Table 2. Comparison of HRV time parameters obtained in PD, GAD and control group during the 24-
hour Holter ECG monitoring.

HRYV time  PD group GAD Control p value p value p value
parameters group group PD:GAD  PD:Control GAD:Control
mRR 652.59 708.37 771.34 p=0.049 p=0.002 p=0.026
[ms] SD59.37 SD64.40  SD 75.48
SDNN 98.83 136.93 145.07 p=0.016 p=0.003 p=0.870
[ms] SD32.19 SD21.10  SD 36.43
SDNN-i 35.0 51.52 58.73 p=0.017 p=0.011 p=0.434
[ms] SD 6.79 SD 8.29 SD 18.21
SDANN 91.23 126.41 131.86 p=0.019 p=0.013 p=0.855
[ms] SD29.55 SD2253  SD 35.32
rMSSD 15.66 29.68 35.13 p=0.018 p=0.002 p=0.096
[ms] SD 4.61 SD7.71 SD 16.36
PNNBso 0.93 6.73 10.63 p=0.013 p=0.009 p=0.379
[%] SD 0.63 SD 3.82 SD 9.56

Statistically significant p values are highlighted in bold. SD — standard deviation.

3.2.2. HRV Frequency Domain Analysis during 24-Hour Holter ECG Monitoring

The comparison of frequency parameters in 24-hour ECG recordings (Table 3) showed the most
significant differences between the PD and control group, where the values of TP and its components
were significantly lower in the former group. In turn, the significant differences between the GAD
and control group were not found. The comparison between the PD and GAD group revealed
significant differences in two components of the spectrum: LF (p=0.012) and HF (p=0.006). However,
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the LF/HF ratio was significantly higher in the PD group than in the GAD and control group
(successively p=0.042 and p=0.036).

Table 3. Comparison of HRV frequency parameters obtained in PD, GAD and control group
during the 24-hour Holter ECG monitoring.

HRV PD GAD Control p value p value p value
frequency group group group PD:GAD PD:Control GAD:Control
parameters
TP 1580.38 3013,15 4251.64 p=0.532 p=0.025 p=0.356
[ms?] SD577.08  SD 862,62  SD 2648.3
VLF 1017.53 1772.7 2376.82 p=0.355 p=0.005 p=0.250
[ms?] SD 421.73 SD 51525  SD 1241.43
LF 294.36 705.01 1034.41 p=0.012 p<0.001 p=0.605
[ms?] SD 97.8 SD 330.76  SD 791.55
HF 79.1 238.76 388.85 p=0.006 p<0.001 p=0.651
[ms?] SD 46.29 SD 148.3 SD 360.45
LF/HF 4.63 34 3.25 p=0.042 p=0.036 p=0.751
ratio SD 2.66 SD1.73 SD 1.47

Statistically significant p values are highlighted in bold. SD - standard deviation.

3.2.3. HRV Time Domain Analysis during 8 Hour Daytime and 4-Hour Nighttime Holter ECG
Monitoring

The Table 4 contains a comparison of HRV time parameters obtained from day and night
recordings in each group. In the PD group, the least statistically significant differences were noted
between day and night, which concerned only the SDNN (p=0.013) and SDANN (p=0.019)
parameters. However, in the GAD group, similarly to the control group, almost all HRV time
parameters (except SDNN-i) differed significantly when comparing both recordings.

Table 4. Comparison of HRV time parameters obtained in PD, GAD and control group during
the 8-hour daytime and 4-hour nighttime Holter ECG monitoring.

HRV PD GAD Control P value
time group group group daytime : nighttime
parameter  8-hour 4-hour 8-hour 4-hour 8-hour 4-hour PD GAD  Contro
s daytim nighttim  daytim nighttim daytim nighttim group  group 1
e e e e e e group
647.52 655.06 710.95
mRR 678.21 871.61 926.81 p=026 p<0.00 p<0.00
SD SD SD
[ms] SD 110.8 SD 101.6 SD 111.4 9 1 1
60.13 69.19 75.74
76.71 92.28
SDNN s 53.20 s 65.62 98.19 87.61 p=0.01 p=0.00 p=0.01
D D
[ms] SD 10.72 SD9.88 SD26.8 SD28.78 3 8 9
18.03 15.95
50.26 54.23
SDNN-i 36.79 28.21 5 50.08 s 62.05 p=0.05 p=0.95 p=0.14
D D
[ms] SD6.29 SD8.6l SD 8.44 SD 25.43 6 8 8
12.68 15.97
65.86 74.76 79.75
SDANN 41.30 37.85 53.13 p=0.01 p=0.00 p<0.00
SD SD SD
[ms] SD 15.37 SD 15.9 SD 23.31 9 4 1

19.15 17.03 25.97
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28.26
rMSSD 15.31 14.25 25.95 36.84 D 45.22 p=043 p=0.02 p<0.00
[ms] SD5.32 SD6.87 SD888 SD1241 SD 29.91 7 1 1
10.46
PNNGso 1.6 0.87 4.87 11.99 7.01 18.74 p=0.25 p=0.00 p<0.00
[%] SD0.85 SDO0.61 SD 3.8 SD854 SD6.68 SD 19.56 7 3 1

* Statistically significant p values are highlighted in bold. SD - standard deviation.

3.2.4. HRV Frequency Domain Analysis during 8 Hour Daytime and 4-Hour Nighttime Holter ECG
Monitoring

The Table 5 presents a comparison of HRV frequency parameters obtained from day and night
recordings in the study groups. In the PD group, significant differences between daytime and
nighttime were noted in the HF component (p=0.023) and the LF/HF ratio (p=0.007). In turn, in the
GAD group the statistically significant differences concerned only the LF/HF ratio (p=0.048). It should
be noted that the LF/HF ratio was significantly higher in the nighttime recording only in the PD
group. A similar comparison in the control group revealed significant differences in the TP value and
its components except LF.

Table 5. Comparison of HRV frequency parameters obtained in PD, GAD and control group
during the 8-hour daytime and 4-hour nighttime Holter ECG monitoring.

HRV PD GAD Control P value
frequency group group group daytime : nighttime
parameter  8-hour 4-hour 8-hour 4-hour 8-hour 4-hour PD GAD  Contro

s daytim nighttim daytim nighttim daytim nighttim group  group 1
e e e e e e group
TP 1594.18 124794  2894.06  2771.19  3446.83  4984.26
p=0.09 p=0.72  p=0.00
[ms?] SD SD 707.8 SD SD SD SD
1 6 3
512.6 1110.3 1053.3 1986.2 4178.6
VLF 1009.35 826.6 1636.21 156844 192391  2663.01
p=025 p=0.73  p=0.00
[ms?] SD SD SD SD SD SD
5 8 1
352.8 525.87 586.26 657.37 1058.9 1721.4
LF 300.78 286.06 732.7 731.93 920.24 1153.47
p=0.87 p=0.99 p=0.10
[ms?] SD SD SD SD SD SD 0 5 .
110.9 127.43 484.73 373.97 645.53 1271.4
HF 84.37 65.17 223.09 321.44 259.9 858.03
p=0.02 p=0.12  p<0.00
[ms?] SD SD 39.28 SD SD SD SD .
3 1
57.01 205.81 141.04 215.4 1164.4
LF/HF 4.42 7.61 421 3.23 4.414 1.913
p=0.00 p=0.04 p<0.00
[%] SD1.97 SD7.94 SD 2.3 SD 1.28 SD SD 1.0
7 8 1
2.041

* Statistically significant p values are highlighted in bold. SD - standard deviation.

The Figure 1 graphically presents the relationships between the parameters of HRV time and
frequency analysis in the control group and the entire group with anxiety disorders (PD and GAD
combined).
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PNN50 SDANN PNN50 SDANN

rMSSD SDNN-i

rMSSD SDNN-i

Figure 1. Values of correlation coefficients between the parameters of time and spectral analysis
obtained in the control group (a), and in the group with anxiety disorders (b).

In the control group (a), the TP curve was distributed relatively evenly in the diagram, with a
slight shift to the left, represented by the time parameters related to the parasympathetic system
(rMSSD and pNNb50). However, the strongest correlations were found between TP and SDNN
(r=0.982; p<0.001). The HF curve was significantly shifted to the left side of the diagram, where it
demonstrated the strongest correlations with tMSSD (r=0.949; p<0.001) and pNN50 (r=0.850; p<0.001).
In turn, the LF curve was shifted to the right side of the diagram, which represented the time
parameters related to the sympathetic nervous system. Here, the strongest correlations were found
between LF and SDNN-i (r=0.919; p<0.001). The distribution of the VLF curve was similar. It was also
noted that the mRR index showed similar correlation with the HF (r=0.609; p<0.001) and LF (r=0.536;
p<0.001) components, with a slight predominance of the former.

The arrangement of the above curves was different in the group with anxiety disorders (b), and
as before, the right side of the diagram was represented by the time parameters related to the
sympathetic nervous system, and the left side — to the parasympathetic system. Here, the TP curve
demonstrated significantly weaker correlations with the time parameters than in the control group
(except SDNN: r=0.911; p<0.001), with a slight shift to the right side of the diagram. Attention was
drawn to the distribution of the VLF and LF curves, which showed the strongest correlations with
SDNN-i (successively r=0.966; p<0.001 and r=0.919; p<0.001), while the HF curve — with rMSSD
(r=0.893; p<0.001) and pNN50. Contrary to the control group, the mRR parameter showed stronger
correlations with the LF component (r=0.457; p=0.003) than the HF component (r=0.332; p=0.023).

4. Discussion

The autonomic nervous system (ANS), composed of two primary branches (sympathetic and
parasympathetic nervous system), plays an essential role in the regulation of the circulatory system.
The sympathetic and parasympathetic nerves work together to balance the functions of the
autonomic effector organs [17].

The heart rate variability (HRV) is the physiological phenomenon of variation of the heart beats.
The HRV examination is a non-invasive and easy-to-use tool for the assessment of sympathetic —
parasympathetic balance within the circulatory system, albeit the interpretation of HRV components
and, in particular, its spectral analysis is a subject of discussion [18].

According to the current international protocol for HRV method, two critical frequency domain
parameters obtained from spectral analysis are widely used: LF (low frequency power; 0.04-0.15 Hz)
that represents both sympathetic and vagal influence; HF (high frequency power; 0.15-0.40 Hz)
reflecting the modulation of vagal tone. In addition, LF/HF ratio indicates the balance between
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sympathetic and vagal tone [19,20]. In the time domain, RR intervals, SDNN, rMSSD and pNN50
were analysed. The rtMSSD and pNNb50 are associated with HF power and consequently the
parasympathetic activity, whereas SDNN and especially SDNN-i are correlated with VLF and LF
power. VLF (very low frequency; 0.003-0.04 Hz) partially reflects thermoregulatory mechanisms,
fluctuation in the activity of the renin-angiotensin system and the function of peripheral
chemoreceptors. TP, or total spectral power, is considered equivalent to the SDNN, which represents
the combined tension of both parts of the autonomic nervous system [21]. It seems obvious regarding
the facts known from the literature on the numerous relationships between time and frequency
analysis parameters, which can be largely treated in the alternative ways. This is also confirmed by
the results of our research (Figure 1).

The increased sympathetic activation is the most common cause of cardiac rhythm disturbances
and can induce both the atrial and ventricular arrhythmias. It can also mitigate the protective
antiarrhythmic drug effects [22]. The heart rate variability (HRV) analysis based on 24-hour
continuous Holter ECG recordings is the non-invasive method for the assessment of cardiac
sympathetic-parasympathetic balance [23]. In the present study, even a preliminary HRV analysis
carried out in the PD (panic disorder) and GAD (generalized anxiety disorder) group showed the
decreased value of mRR parameter which affected directly a decrement of the remaining HRV time
parameters as well as heart rate values. The results of the time analysis of the 24-hour Holter ECG
recordings (Table 2) demonstrated statistically significant differences between the PD and the GAD
group in terms of all tested parameters (the examined parameters were significantly lower in the
patients with panic disorder as compared with generalized anxiety disorder group). The results of
the frequency analysis of the 24-hour Holter ECG recording (Table 3) also showed statistically
significant differences between the examined groups in the range of the LF, HF values and LF/HF
ratio. The LF and HF values in the PD group were significantly lower than in the GAD group. In turn,
the LE/HF ratio was higher in the PD group as reported by other authors [23,24]. In contrast, Zhang
et al. [25] did not find significant association between LF and PD in the LF analysis.

It was noticeable that all parameters of both time (Table 2) and frequency (Table 3) HRV analysis
were significantly lower in persons manifesting the symptoms of panic disorder (PD group) as
compared with the control group. A decrease in SDNN value below 100 ms as observed only in these
persons is a relevant predictor of serious cardiac events. However, none of the patients presented
with a decrease in SDNN value below 50 ms (high risk of cardiac death) [26]. In addition, the
decreased SDNN value indicated a predominance of the sympathetic activity as a result of the
reduced parasympathetic tone advocated by the decreased HRV parameters of the vagus nerve
activity (rMSSD, pNNso, HF) [27]. In turn, no statistically significant differences were found between
the GAD and control group as to the time (except mRR) and frequency parameters on the 24-hour
Holter ECG recordings (Table 2 and 3).

According to Paniccia et al. [28], neurophysiological research on anxiety can be the first step to
understanding how physiological flexibility (i.e., HRV) is related to psychological flexibility (i.e.,
adaptive or maladaptive responses to life events).

The innovative aspect of the present analysis was to find a distinct profile of the heart rate
variability with regard to the types of anxiety disorder. The characteristic HRV profile was especially
clear while comparing the ECG night and daytime recordings (Table 4 and 5). Once again, the most
unfavourable HRYV alterations were observed in the persons with panic disorder. These abnormalities
comprised a disappearance of day vs. night amplitude of the majority of HRV parameters with a
simultaneous significant decrease in their values. In comparison with the control group, the largest
decrease was noted in the ‘night’ parameters of the PD group reflecting the vagus nerve activity.
These observations were indicative of serious dysfunction of the parasympathetic system resulting
in a lack of diurnal rhythm of the sympathetic-parasympathetic regulation. Such considerable
abnormalities were not found in the patients with generalized anxiety disorder (GAD). As to the
GAD group, the comparative analysis of the HRV parameters of the day and night recordings showed
a decrease in the day vs. night amplitude resulting from attenuation of the parameters related with
the sympathetic activity (SDNN, SDANN). However, it was noted only on the night recordings, with
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a simultaneous increase in the parameters related with the parasympathetic activity (rMSSD, pNNis,
HF). Such changes were not observed in the persons presenting with symptoms of panic disorder.
On the contrary to the GAD and control group, instead of increase, a significant decrease in the HRV
parameters related to the vagus nerve activity was found at nighttime.

It should be noted that all groups showed significant differences in the LF/HF ratio (Table 5)
between day and night hours, but only in the PD group this difference was unfavorable due to a
significantly higher value at night. This indicated the disturbed circadian rhythms within the cardiac
sympathetic-parasympathetic regulation resulting from a decrease in nocturnal vagotonia which
may subsequently lead to the weakening of antiarrhythmic effect of the vagus nerve. For this reason,
the group of patients with panic anxiety were particularly prone to the occurrence of arrhythmic
events, including serious ventricular arrhythmias.

5. Conclusions

The circadian rhythms of HRV as assessed with the Holter ECG monitoring are considerably
flattened in patients with anxiety disorders. In the PD group, the largest decrease was noted in the
‘night” parameters reflecting the vagus nerve activity, which resulted in a lack of diurnal rhythm of
the sympathetic-parasympathetic regulation. Such considerable abnormalities were not found in the
persons with GAD, where a small increase in nocturnal vagotonia was observed. The increase was
smaller than in the control group, albeit it was significantly bigger as compared with the PD group.
In addition, the significant differences in the day vs night LF/HF ratio were found in all groups, but
only in the PD group the difference was unfavourably big. The assessment of the impact of anxiety
disorders on the circadian HRV requires differentiating between PD and GAD because of the
considerable differences related to the nature of the particular disorders.
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