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Abstract
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INTRODUCTION
Autonomic nervous system (ANS) dysfunction
and reduced heart rate variability (HRV) have
been reported in a wide variety of psychiatric disorders (Blechert et al. 2007; Carney et al. 2005; Ito

et al. 1999; Klein et al. 1995), but there are only few
works which characterized ANS in bipolar disorder (Voss et al. 2006; Chen et al. 2006; Cohen 2003,
Henry et al. 2010).
To cite this article: Neuroendocrinol Lett 2010; 31(6):829–836

A R T I C L E

BACKGROUND : Autonomic nervous system (ANS) dysfunction and reduced
heart rate variability (HRV) have been reported in a wide variety of psychiatric
disorders, but have not been well characterized in bipolar patiens in remission. We
recorded cardiac activity and assessed HRV in bipolar outpatients in remission.
AIMS: Ascertain if ANS decrease with the age of the patient; ascertain relation
between activity of ANS and level of dissociation, and other components (age of
patients, and age of disorder, dosage of psychotropic medication)
METHODS: Autonomic nervous system (ANS) has been evaluated during orthostatic change in three positions (1 – lie down 5 minutes, 2 – stand up 5 minutes,
3 – lie down 5 minutes). The functioning of the ANS has been measured by the
diagnostic systems that are using the power spectral analysis which quantifies the
heart rate variability (HRV) was assessed using time domain, frequency domain,
and nonlinear analyses in 23 bipolar patients in remission.
RESULTS: We found highly statistically significant negative correlations between
level of dissociation measured by DES (Dissociative Experience Scale) and most
of parameters of ANS. We found negative correlations between the age of the
patient and activity of ANS, and negative correlations between activity of ANS
and duration and onset of disorder.
CONCLUSIONS: Autonomic dysregulation is associated with bipolar disorder in
remission and has relation to level of dissociation and probably to age of patiens
and age of onset and duration of disorder.
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Correlations between electrodermal and heart rate
indices of autonomic nervous system (ANS) activity
and measures of state and trait anxiety were examined in 22 high-risk subjects, who had a parent with
bipolar affective disorder, and in controls (Zahn et al.
1991). Relatively consistent and significant correlations between anxiety and ANS “arousal” at rest and
under stress were found in high-risk subjects, but not
in controls. Relationships between electrodermal laterality and anxiety, and between electrodermal activity
and heart rate, were also observed only in the high-risk
group. The data suggest a unique concordance between
various manifestations of anxiety in high-risk persons
which may effectively increase the salience of stressful
events and the sensitization to stress.
Cohen et al. (2003) studied 39 euthymic bipolar
patients and 39 controls, matched for age and sex. A
high-resolution electrocardiogram was obtained during
complete rest. Spectral analysis of R-R intervals was
performed by the fast Fourier transform algorithm.
Euthymic bipolar patients at rest were characterized
by markedly low HRV, independent of specific drug
treatments.
Todder et al. (2005) studied 32 euthymic bipolar
patients and 24 controls. A high-resolution electrocardiogram was obtained during complete rest. There was
no statistically significant difference in the nonlinear
analysis of the heart rate variability, between the euthymic bipolar patients and controls, in the rest situation.
Authors conclude that the nonlinear analysis of heart
rate variability did not support the notion that there is a
disturbance in the autonomic nervous system of bipolar
patients in the euthymic state.
Gruber et al. (2008) used a multimethod approach
to examine positive emotional disturbance by comparing participants at high and low risk for episodes of
mania, which involves elevations in positive emotionality. Ninety participants were recruited into a high or
low mania risk group according to responses on the
Hypomanic Personality Scale. Participants’ subjective,
expressive, and physiological emotional responses were
gathered while they watched two positive, two negative,
and one neutral film clip. Results suggested that participants at high risk for mania reported elevated positive emotion and irritability and also exhibited elevated
cardiac vagal tone across positive, negative, and neutral
films.
Henry et al. (2009) recorded cardiac activity and
assessed HRV in acutely hospitalized manic bipolar
(BD) and schizophrenia (SCZ) patients compared to
age- and gender-matched healthy comparison (HC)
subjects. HRV was assessed using time domain, frequency domain, and nonlinear analyses in 23 manic BD,
14 SCZ, and 23 HC subjects during a 5min rest period.
Psychiatric symptoms were assessed by administration
of the Brief Psychiatric Rating Scale (BPRS) and the
Young Mania Rating Scale (YMRS). Manic BD patients
demonstrated a significant reduction in HRV, parasym-
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pathetic activity, and cardiac entropy compared to HC
subjects, while SCZ patients demonstrated a similar, but
non-significant, trend towards lower HRV and entropy.
Reduction in parasympathetic tone was significantly
correlated with higher YMRS scores and the unusual
thought content subscale on the BPRS. Decreased
entropy was associated with increased aggression and
diminished personal hygiene on the YMRS scale.

HEART RATE VARIABILITY (HRV)
MEASUREMENTS
Continuous changes in sympathetic and parasympathetic neural impulses exhibit alterations in HR and
cause oscillation of the R–R interval around its mean
value (HRV). Increasingly refined calculations have
been developed to measure HRV. Respiration has a
strong influence on HR changes and is commonly
included as a covariate in statistical analysis of the relation between stress and HRV changes (Berntson et al.
1997). Respiratory sinus arrhythmia (RSA) is the HRV
in synchrony with respiration and represents the difference between the longest and the shortest heart period
within the respiratory cycle (Berntson et al. 1997). RSA
is known as an index of cardiac parasympathetic activity and usually decreases under acute psychological
stress (Houtveen et al. 2002).
More recently, there have been attempts to detect
more elaborate physiological abnormalities that could
be attributed to dysfunction of either the vagal or the
SNS (sympathetic nervous system) by analyzing heart
rate variability. Power spectral analysis of electrocardiogram (ECG) R-R intervals (PSR-R) is known to
be a particularly successful tool in the detection of
autonomic instabilities in various clinical disorders
(Akselrod et al. 1981; Pomeranz et al. 1985; Ponikowski et al. 1997; Berntson et al. 1997). PSR-R yields
high-frequency (HF), low-frequency (LF), and very
low-frequency (VLF) components. It is proposed that
the instantaneous balance between sympathetic and
parasympathetic activities can be captured by the ratio
between low frequency band power (LF, 0.05−0.15 Hz)
and high frequency band power (HF, >0.15 Hz); the
latter represents primarily respiratory components. It
is generally accepted that the HF component is mediated by cardiac parasympathetic tone, which depends
on respiration, while the LF component is mediated by
both cardiac sympathetic and parasympathetic tones
(Akselrod et al. 1981; Pomeranz et al. 1985; Berntson
et al. 1997). Hence, the ratio of LF power to HF power
(LF/HF) is generally accepted as an index of cardiac
sympathovagal balance (Pagani et al. 1986; Malliani et
al. 1991; Task force of ESC and NAPE 1996). The VLF
component of heart rate variability has been speculated
to relate to function of the baroreflex, sensitivity in the
chemoreflex, or renin–angiotensin system (Akselrod et
al. 1981; Ponikowski et al. 1997; Berntson et al. 1997).
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Studies on healthy individuals show that acute stress
increases LF/HF and decreases HF, suggesting activation of the SNS as well as reduction of PNS (parasympathetic nervous system) activity under stress (Pagani
et al. 1997). However, it is not clear that the LF/HF ratio
represents a relative sympathetic modulation (Eckberg,
1997). Moreover, a major proportion of HRV occurs
over a large frequency span showing broad, noise-like,
irregular variability (Kobayashi and Musha, 1982).
Such evidence supports critics who argue that the proposed rigid scheme of the frequency bands cannot cope
with the complex and variable interactions between the
different rhythms (Grasso et al. 1997; Lambertz and
Langhorst, 1998; Perlitz et al. 2004).

AIM OF THE STUDY
The aim of our study is to measure VLF, LF and HF
components of R-R interval in patients with bipolar
affective disorder in clinical remission and test the
relation between these components and level of dissociation of the patient. We hypothesized that: (a) The
amount of VLF, LF a HF decrease with the age of the
patient; (b) The amount of VLF, LF and HF is negatively correlated with age of onset of bipolar disorder;
(c) The amount of VLF, LF and HF is negatively correlated with the dosage of psychotropic medication; (d)
The amount of VLF, LF and HF in bipolar patients in
remission is negatively correlated with the level of dissociation measured by DES.

METHODS
Patients were recruited from the outpatients department of the Psychiatry department University hospital
Olomouc. All patients had been hospitalized for bipolar disorder. The diagnosis of lifetime bipolar disorder
was confirmed according to the patients´ documentation and clinical interview. The ICD research criteria
for bipolar disorder (ICD-10 1996) in remission were
checked by trained psychiatrists. Diagnosis was confirmed with M.I.N.I. (MINI-international neuropsychiatric interview; Lecrubier et al. 1997). At the time
of evaluation all the patients were in clinical remission
(Clinical Global Impression – Severity; CGI-S one or
two). Psychiatric symptoms were assessed with the
Young Mania Rating Scale (YMRS), Hamilton Rating
Scale for Depression (HAMD). After the evaluation by
the psychiatrist, patients filled in their demographic
data. Their written consent to participate in the research
was given. Demographic data, including age, sex, age of
the onset of the disorder, duration of disorder, number
of psychiatric hospital admissions, numbers of manic
and depressive episodes, were obtained in the interview. Doses of drugs were converted to defined daily
doses using data provided by the Czech State Institute
for Drug Control (2010).

Autonomic nervous system (ANS) has been evaluated during orthostatic change in three positions
(1 – lie down 5 minutes, 2 – stand up 5 minutes, 3 – lie
down 5 minutes). The functioning of the ANS has been
measured by the diagnostic systems that are using the
power spectral analysis which quantifies the heart rate
variability. This procedure has been used frequently
over the past decades as a noninvasive, simple and
sensitive method to examine the autonomic regulation
of the heart. There are three frequency bands detected
by the Fast Fourier Transformation (FFT) in heart rate
variability (HRV) (Javorka, 2008).
• The low frequency band – LF (0.04–0.15 Hz)
represents the sympathetic activity. A relative
increase can be found after physical activities or
mental stress. This frequency band can be influenced also by the parasympathetic activity, by
the tone of blood vessels or in orthostatic test .
• The very low frequency band – VLF (0.0033–
0.04 Hz) represents also the sympathetic activity, but there are some research findings that this
frequency can be influenced also by the parasympathical activity. Oscillations of the blood
vessel tone and especially the rennin – angiotensin – aldosteron system are the major factors
that have an impact on this frequency band.
• The high frequency band – HF (0.15–0.40) represents the parasympathetic activity and it is
influenced by oscillation of the vagal activity.
To examine the short-term heart rate variability we
used the microcomputer system VarCor PF7 which
enables radio transmission of the ECG signal to the
receiver connected by an USB cable to the PC. This
system evaluates HRV by spectral (frequency) analysis,
using the fast Fourier transformation algorithm.
Statistical analysis
Demographic and baseline clinical characteristics were
analyzed using column statistics. Normal distribution
of the demographic and QoL variables was determined
by the Shapiro-Wilk W test. Time changes within diagnostic groups (bipolar patients and healthy controls
separately) were analyzed using repeated measures
ANOVA. In case of nonparametric distribution of data,
Friedman test with post test Dunn’s multiple comparison test was used. Group differences between patients
with bipolar disorder and healthy controls were analyzed using two-way ANOVA (to compare the changes
in both groups in time) and pair t-tests (to compare
differences between pairs of diagnostic groups). The
χ2 test or Fisher´s exact test were used for the analyses
of categorical data. The relationships between variables
with normal distribution were calculated using Pearson
correlation analysis, while Spearman rank correlation
was used for variables with non-normal distribution.
STATISTICA version 9.0 was used and the level of significance was set at 5%.
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RESULTS
Demographic and clinical characteristics of the patients
Twenty three patients with bipolar disorder (52.2%
females) in clinical remission between age 23 and 70
years (mean age 46.17 ± 14.11) were included into the
study. The age at the disorder onset was 32.78 ± 8.09
years; duration of the disorder 13.52 ± 9.15 years;
number of previous manic episodes 2.61 ± 2.15; depresTab. 1. Demographic and clinical characteristics of the patients.
Age

46.17 ± 14.11

Sex
Male
Female

11
12

Education
Basic
Secondary - without graduation
Secondary - with graduation
University

7
3
8
5

Marital status
Single
Married
Unmarried living with partner
Divorced
Widower

8
12
0
3
0

Employment
Yes
No

10
13

Age of the disorder onset

32.78 ± 8.09

Length of the disorder

13.52 ± 9.15

Number of manias

2.61 ± 2.15

Number of depressions

2.65 ± 1.82

Number of hospitalizations

2.65 ± 2.85

Length of the clinical remission

1.48 ± 2.57

Number of suicidal attempts (n=10)

0.57 ± 0.73

+Thymostabilisers

0.91 ± 0.45

+Antipsychotics

index (n=21)

index (n=17)

Data describing the activity of autonomic nervous system
The activity of ANS fluctuated between each measurement (I1-lie down; I2-stand up; I3-lie down) in all three
components (VLF, LF and HF) with typical decrease in
the second position in all components (Table 2). There
were no statistically significant differences in measurements between the three positions in VLF and LF,
but there were highly significant differences between
the three positions in HF (Friedman test: FS=18.87,
p<0.0001; Dunn’s multiple comparison test: HF|1 vs
HF|2: p<0.001; HF|2 vs HF|3: p<0.001) (Figure 1).
Relation between demographic and clinical data, and
autonomic nervous system
We found negative correlations between the age of the
patient and HF|2 and HF|3 and age of disorder onset
and VLF|3 and HF|3 (Table 3). One can interpret
these findings to mean that the activity of parasympathetic nervous system could decrease during the lifetime course and that the people with an earlier onset
of the disorder have lower activity of sympathetic and
parasympathetic nervous system which is seen mostly
in orthostatic change between position |2 (stand up)
and |3 (lie down). There were no correlations between
duration of the disorder, number of maniacs episodes,
depressive episodes, hospitalizations, dosages of mood
stabilizers, antipsychotics and antidepressants and measured parameters of ANS. But there were statistically
significant correlations between dosage of benzodiazepines and VLF|1 and HF|1 which reflects sympathetic
and parasympathetic activity in first position |1 (lie
down) before the orthostatic experiment.

1.01 ± 0.56

+Antidepressants

index (n=10)

1.33 ± 0.56

+Benzodiazepine

index (n=8)

0.91 ± 0.53

HAMD

3.17 ± 1.70

YMRS

1.13 ± 1.42

DES

13.25 ± 9.23

Pathological DES

1.71 + 2.82

sive episodes 2.65 ± 1.82, and the number of hospitalization was 2.65 ± 2.85 (Table 1). The mean duration
of the current remission was 1.48 ± 2.57 years. All
patients used psychotropic medication, mood stabilizers (n=21; mean defined daily dosage of mood stabilizers was 0.91 ± 0.45 of daily equivalent); antipsychotics
(n=17; mean defined daily dosage of antipsychotics
was 1.01 ± 0.56 of daily equivalent); antidepressants (n=
10; mean defined daily dosage of antidepressant was
1.33 ± 0.56 of daily equivalent); and some patients also
used benzodiazepines (n=8; mean defined daily dosage
of benzodiazepines was 0.91 ± 0.53 of daily equivalent).

HAMD=Hamilton Rating Scale for Depression; YMRS = Young Mania
Rating Scale; DES=Dissociative Experience Scale

Relation between dissociation and autonomic nervous
system
There were highly statistically significant negative correlations between level of dissociation measured by DES
and most of parameters of ANS: VLF|1,2,3; LF|1,3 and

Tab. 2. Vegetative system measurements in bipolar patients in remission.

Mean
Standard deviation

832

VLFI1

VLFI2

VLFI3

LFI1

LFI2

LFI3

HFI1

HFI2

HFI3

212.5

132.6

196.9

313.7

260.8

350.6

313.5

59.0

256.1

± 315.7

± 156.0

± 222.0

± 561.8

± 373.5

± 719.7

± 361.8

± 67.5

± 297.7
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Tab. 3. Correlation of demographic and clinical characteristics and parameters of ANS in bipolar patients in remission.

Age
Age of disorder
onset
Mood stabilizer
index
Antipsychotic index

VLF|1

VLF|2

VLF|3

LF|1

LF|2

LF|3

HF|1

HF|2

HF|3

r

–0.12P

0.06P

–0.32P

–0.31S

–0.23P

–0.36S

–0.40P

–0.43P

–0.47S

p

ns

ns

ns

ns

ns

ns

ns

p<0.05

p<0.05

r

–0.14P

0.03P

–0.45P

–0.26S

–0.10P

–0.30S

–0.38P

–0.37P

–0.43S

p

ns

ns

p<0.05

ns

ns

ns

ns

ns

p<0.05

r

–0.30P

–0.35P

–0.21P

–0.35S

–0.01P

–0.37S

–0.19P

–0.22P

–0.20S

p

ns

ns

ns

ns

ns

ns

ns

ns

ns

r

0.01P

–0.28P

0.23P

0.26S

0.25P

–0.04S

0.13P

0.20P

0.11S

p

ns

ns

ns

ns

ns

ns

ns

ns

ns

Antidepressant
index

r

–0.01P

–0.26P

–0.33P

–0.25S

–0.56P

–0.11S

0.23P

–0.12P

0.17S

p

ns

ns

ns

ns

ns

ns

ns

ns

ns

Benzodiazepine
index

r

0.77P

0.68P

0.06P

0.20S

–0.21P

0.51S

0.82P

0.33P

0.63S

p

p<0.05

ns

ns

ns

ns

ns

p<0.05

ns

ns

P=Pearson r; S=Spearman r; ns=no significant

1200
LF:
Friedman test: FS=1.826; ns

1000
HF:
Friedman test:FS=18.87; p<0.0001
Dunn´s multiple comparison test :
HF|1 vs HF|2: p<0.001
HF|2 vs HF|3: p<0.001

800
VLF:
repeated measures ANOVA: F=2.436; df=68; ns

600

400

200

0
VLFI1

VLFI2

VLFI3

LFI1

LFI2

LFI3

HFI1

HFI2

HFI3

Fig. 1. Time changes of high-frequency (HF), low-frequency (LF), and very low-frequency (VLF)
components during orthostatic experiment.
VLF = very low frequency band (0.0033–0.04 Hz); LF = low frequency band (0.04 – 0.15 Hz); HF= high
frequency band (0.15–0.40 Hz)
Measured conditions: |1= lie down 5 minutes; |2= stand up 5 minutes; |3= lie down 5 minutes

HF|1,3 (Table 4). Also there were highly statistically
significant negative correlations between pathological
DES and LF|1 and LF|3.
When we summed the spectral power for low and
very low frequency band (0.0033–0.15 Hz) in all positions (VLF|1+ VLF|2+ VLF|3+ LF|1+ LF|2+ LF|3)
which can reflect mainly sympathetic activity during
orthostatic experiment and correlated it with DES,
the negative correlation was statistically significant
(Pearson´s r=–0.5441; p<0.01). Also the correlation
with the high frequency band (0.15–0.40), which

can reflect mainly parasympathetic activity during
the experiment, is statistically significant (Pearson´s
r=–0.5278; p<0.01). The linear regression of DES with
the sum of VLF and LF, and linear regression of DES
with sum of HF is on Figure 2.

DISCUSSION
Our hypotheses were mostly confirmed. There were
significant negative correlations between age and
HF|2 and HF|3. These findings can be interpreted to
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Tab. 4. Correlation of DES and parameters of ANS in bipolar patients in remission.

DES
Pathological DES

VLF|1

VLF|2

VLF|3

LF|1

LF|2

LF|3

HF|1

HF|2

HF|3

r

–0.60P

–0.46P

–0.57P

–0.72S

–0.21P

–0.75S

–0.54P

–0.26P

–0.54S

p

p<0.005

p<0.05

p<0.005

p<0.0001

ns

p<0.0001

p<0.01

ns

p<0.01

r

–0.31P

–0.26P

–0.30P

–0.72S

–0.34P

–0.53S

–0.38P

–0.29P

–0.29S

p

ns

ns

ns

p<0.0001

ns

p<0.01

ns

ns

ns

P=Pearson r; S=Spearman r; ns=no significant

12500

2500

A

2000

7500

Sum of HF

Sum of VLF+LF

10000

B

5000

1500

1000

2500

500
0

0

-2500
0

10

20

30

0

10

20

30

DES

DES

Fig. 2. Linear regression of DES to sum of VLF and LF (low and very low frequency band) and DES to
sum of HF (high frequency band). A: Linear regression: Sum VLF+LF to DES: F=8.831, DFn, DFd =
1.000, 21.00; p<0.01. B: Linear regression: Sum HF to DES: F=8.109; DFn,DFd=1.000, 21; p<0.01

mean that the activity of the parasympathetic nervous
system could decrease during the lifetime course in our
patients. But this could also be true for healthy people
(Yeragani et al. 1997). The ability of the system to react
to stress and return to the beginning state changes
during life. Surprisingly, we did not find a decrease of
the VLF and LF (reflecting mostly sympathetic activity)
with age. But this could be due to insufficient number
of patients in the study and high standard deviations of
VLF and LF measurements.
The second hypothesis was also partly confirmed.
The activity of VLF|3 and HF|3 were negatively correlated with the age of onset. It is difficult to interpret
these findings, but one can speculate that these data,
which partially reflected the activity of sympathetic and
parasympathetic nervous systems while lying down
after standing, show a decreased ability to calm down
the ANS, which can be factor in a higher vulnerability
to distress. We do not know, if the patients had lower
sympathetic and vagal recovery before the onset of the
disorder, but this speculation could be supported by a
finding in children indicating that lower vagal recovery and higher negative affectivity were associated with
maladaptive emotion regulation responses to frustra-
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tion (Santucci et al. 2008). Other interpretation of these
findings could be that patients with earlier onset of the
disorder used medication longer and the lower ANS
recovery developed during the medication intake. But
there were no significant correlations between the duration of the disorder and the dosages of medications and
VLF|3 or HF|3 values in our study.
The third hypothesis that the activity of VLF, LF and
HF is negatively correlated with the dosage of psychotropic medication was not confirmed. There were no
statistically significant negative correlations between
dosages of mood stabilizers, antipsychotics, antidepressants or benzodiazepines in our group of patients. To
the contrary, there were positive correlation between
dosages of benzodiazepines and VLF|1 and HF|1. But
we must take into consideration that the number of
patients in any type of medication is limited and not
enough to allow generalization.
The last but most important hypothesis was that
the activity of VLF, LF and HF in bipolar patients in
remission is negatively correlated with the level of dissociation measured by DES. This hypothesis reflects
old view that people who repressed or dissociate their
primary emotions frequently suffer with mood disor-
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ders and with the findings, that people with mood and
anxiety disorders have higher incidents of hypertension and heart diseases (Zellweger et al. 2004; Esler et
al. 2008). Decreased cardiac vagal function is linked
with increased cardiac mortality and depression is
associated with decreased heart rate variability (Ariyo
et al. 2000; Carney et al. 2002). We have several indirect
arguments for these views in confirming higher level of
dissociation in anxiety disorders (Pastucha et al. 2009a,
b), OCD (Prasko et al. 2009; 2010, Raszka et al. 2009),
borderline personality disorder patients (Pastucha et al.
2009c), some findings about decreased heart rate variability in depression, anxiety disorders and bipolar disorders (Cohen et al. 2003; Todder et al. 2005; Gruber et
al. 2008; Henry et al. 2009), and substantial evidence for
higher incidents of heart disease in affective and anxiety disorders (Zellweger et al. 2004; Esler et al. 2008).
But there has not been any information about connection between dissociation and autonomic nervous
system activity. In out study, there were highly significant negative correlations between the level of dissociation and most of the parameters of ANS. It seems that
higher level of dissociation is related to a lower level
of ANS activity in all frequency bands. These findings
have several interpretations. One possibility, which is
not easy to discount, it that both DES and decreased
autonomic activity is the result of pharmacotherapy.
All patients used psychotropics and it is ethically
problematic to have patients with bipolar disorder in
remission without prophylactic pharmacotherapy. Both
decreased autonomic activity and dissociation could be
also the results of another third process, like the bipolar disorder itself. Only studies of drug naive bipolar
patients could confirm or disconfirm this speculation.
The studies of ANS in manic, depressed and euthymic
patients show the same patterns of autonomic activity
which could be interpreted to mean that mood fluctuations in bipolar disorder have no differential impact on
autonomic functions (Cohen et al. 2003; Todder et al.
2005; Henry et al. 2009). Other possibilities are that dissociation as a psychological process leads to decreased
autonomic activity or, the opposite, that decreased
autonomic activity leads to dissociation. These possibilities are hard to support without future experiments.
Our study has substantial limitations that should be
considered. The most important limitation is the small
number of patients. Our sample may not be representative of the population of bipolar patients in remission.
Generalization of findings is doubtful especially in a
situation where the variability of ANS responses is very
high. Other limitation is that to assess the level of dissociation, we used self-report questionnaires. Future
research should corroborate these questionnaires with
clinician-rated instruments.
Prospective studies of cardiovascular changes in
mania and depression are needed to evaluate psychopathological state in connection with cardiovascular

changes and cardiac morbidity and mortality and to
test the extent to which processing of positive emotion
contributes to the course of symptoms and heart rate
variability in bipolar disorder.
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