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In this paper I endeavored to show that respiratory sinus arrhythmia closely
corresponds with the perception of psychosomatic complaints. To achieve this aim,
two groups of menopausal women, each consisting of 85 subjects, were compared,
one of which exhibiting troubles with falling asleep, frequent awakening at night,
and sweating and fatigability sensations during the day and the other being
asymptomatic. Comparative non-invasive biometric analysis included the following:
total, inspiratory, and expiratory heart rate, breathing rate, and respiratory sinus
arrhythmia. Overall, I found that the respiratory sinus arrhythmia and heart and
breathing rates were substantially greater in women with psychosomatic complaints.
In this group, the cardiorespiratory indices were further enhanced following
exposure to extremely-low-frequency magnetic fields. The study suggests the
predominance of sympathetic aspects of the autonomic nervous system as a result of
psychosomatic complaints in menopausal women and calls for a caution in using the
extremely-low-frequency magnetic stimulation in such women, which may
exacerbate untoward heart and respiratory responses.
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INTRODUCTION

The respiratory sinus arrhythmia (RSA) is not any pioneering discovery of the
last decade, because as far back as in the 1930s this cardiorespiratory
physiological process was described by Schlomka (1). He had noticed that the
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physiological arrhythmia was stronger among healthy people than among people
suffering from organic heart disease. However, on the then contemporary level of
knowledge, he could not completely explain the physiology of this phenomenon.
Not until about 1985 has the RSA been introduced to psychophysiology and
established as an indicator of emotional aspects (2), which holds true till to-date
(3). Moreover, RSA was specified as the mean "variation between the minimum
and maximum values of heart rate (HR) frequency during one respiratory cycle",
i.e., inspiration and expiration (4).

It has become a proven fact that R-R interspaces of the sinus rhythm lengthen
during the inspiration and shorten during the expiration (5, 6, 7). This cycle
repeats in an adult human in accord with the breathing rate (BR) - 12 breaths/min,
which amounts to about 5 s per breath. In healthy children and youth, respiratory
arrhythmia is different and consists of HR increase during inspiration and a
significant decrease during expiration (8). In the current psychophysiology, the
observation of changing RSA constitutes a new method of alleviating or often
even eradication of dysfunctions of the two systems - cardiovascular and
respiratory (9, 10). The method takes the advantage of a feedback between HR
and BR, both influenced by the sympathetic and parasympathetic systems (4, 11),
which makes it possible to purposefully intervene in the function of the two
interconnected systems. The observations made hitherto on children and young
healthy women (8) suggest that the cardiorespiratory interaction also might hold
with respect to other age groups.

Mutual behavior of both systems, exposed to the influence of extremely-low-
frequency magnetic fields (11, 12), constitutes an interesting and still open
problem. Hence an absorbing question arises of how the values of RSA shape
under the influence of extremely-low-frequency magnetic fields among
menopausal women, for, as outlined above, the age, by itself, may differentiate
physiologic responses. In the present study I addressed this issue from the
psychophysiologic pragmatic perspective, taking into account the presence or
absence of menopausal symptoms. The problem framed in that fashion is
cognitive and the scientific coverage has not yet tackled it.

MATERIAL AND METHODS

The study was performed according to accepted practice concerning safety and ethics of human
experimentation at the Psychophysiology Laboratory of Warsaw Medical Academy and according
to the standards and guidelines set by the Declaration of Helsinki, last amended in 2002. The
procedures were approved by a local ethics committee.

A total of 170 menopausal women were recruited for the study, subdivided into 2 even groups:
women displaying no complaints (Group A) and women reporting symptoms, such as difficulties in
falling asleep, frequent awakenings at night, and drenching sweat and fatigability sensations during
daytime (Group B). The women, aged 45-55, mean age-was 51.6 yr, were all otherwise healthy, and
were studied always in the morning hours. They were selected from those routinely turning up at
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psychophysiologic examinations. The symptomatic women, apart from basic laboratory
exploration, were subjected to computer tomography and magnetic resonance imaging, which failed
to show any organic abnormalities. All subjects were informed about the study procedures and risks,
but not the research goals, and gave informed consent.

Heart rate and the depth and rhythm of breathing, which express dynamic balance between the
sympathetic and parasympathetic systems, were recorded non-invasively by a biometric system,
ProComp+/BioGraph V2.1 Thought Technology (Bio-Medical Instruments, Warren, MI), as
described previously (12). Four recordings were taken in each subject: control and then at 5 min, 30
min, and 60 min after the exposure to extremely-low-frequency magnetic fields generated by a
magnetic stimulator (Viofor JPS; Med & Life, Komorów, Poland). Cardiorespiratory signals were
sampled and quantified in the real time mode and were recorded through 26 min, yielding a
sequence of 3012 numbers sampled at 4 Hz for 5 variables at 32 Hz for another 4 variables in each
subject (13). The recordings were taken in immobile sitting position to avoid movement or
inadvertent electrode displacement artifacts.

The magnetic fields applied had the average induction in a range of 45 µT flowing from a small
applicator (cushion) set in the areas of head, shoulders and chest, so that it would directly affect the
activity of heart and lungs. The duration of the induction totaled 12 min, according to the program
P2 and M2 of the Viofor JPS magneto stimulator. The level of magnetic induction was increased in
6 steps from 0.5, 1 to 5.

The RSA was assessed from the mean difference between the minimum and maximum values of
HR in beats/min during one respiratory cycle, inspiration/expiration. The statistical analysis was
conducted on sets of 512040 numbers obtained from 4420 min recordings by the following methods:
electrocardiography (the second lead signal), photoplethysmography from capillary vessels on the tip
of an index finger (12, 14), and pneumography consisting of a rubber tubing mounted around the
chest (12). Photoplethysmography displayed the shape of a blood flow signal in the Raw Waveform
Signal setting and included the Blood Volume Pulse mark. The method enables the evaluation of the
blood expenditure for each heart beat, related to autonomic nervous function, on the basis of signal
amplitude. The variables were recorded in an analog/digital mode, displayed on a monitor as a
moving average signal and stored in a computer for further analysis off-line.

The RSA was based on the calculation of the rate of appearance of R waves during one respiratory
cycle, i.e. inspiration and expiration, in a 6.5 min recording consisting of 3012 numbers. The HR was
averaged for the total respiratory cycle and separately for both inspiration and expiration. All data
were expressed as means ±SD. Comparison of the two groups of subjects was achieved a two-tailed
unpaired t-test. A P value of less than 0.05 was dimmed to indicate statistical significance.

RESULTS

The results of HR, RSA, with the distinction for inspiration and expiration, and
BR in both study groups during 4 successive recordings are shown in Table 1.

Comparison between the subject groups showed that all indices were
significantly higher in Group B before exposure to extremely-low-frequency
magnetic fields. The difference held true after exposure to magnetic stimulation,
regardless of the passage of time studied, with the exception of the RSA that was
lower in Group B subjects 30 min after the exposure.

The overall analysis of full scale recordings revealed a substantial variability of
the signals recorded in both subject groups and also both before and after exposure
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to extremely-low-frequency magnetic fields. The nature and underlying reasons for
this variability require further detailed studies by using alternative analytical tools.

DISCUSSION

The study demonstrates that menopausal symptomatic women exhibiting
difficulties of falling asleep, disruptive nighttime sleep, excessive daytime
sweating and fatigue had higher respiratory and heart rates and an enhanced sinus
arrhythmia in relation to respiratory phases in comparison with asymptomatic
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Table 1. Values of heart rate (HR), breathing rate (BR), and respiratory sinus arrhythmia (RSA) in
Group A and Group B subjects.

Group A Group B P<

HR, average 63.7 ±4.1 96.9 ±8.3 0.001
HR, inspiration 27.4 ±2.5 43.8 ±6.7 0.02
HR, expiration 36.3 ±1.6 53.1 ±1.6 0.001
BR, breaths/min 17.2 ±3.2 21.9 ±3.4 0.02
RSA, 'R' intervals/min 14.9 ±2.9 19.2 ±4.2 0.02

Before exposure to extremely-low-frequency magnetic fields

Group A Group B P<

HR, average 67.9 ±5.8 94.3 ±9.1 0.001
HR, inspiration 28.7 ±3.2 42.6 ±4.2 0.01
HR, expiration 39.2 ±2.6 51.7 ±4.9 0.01
BR, breaths/min 18.7 ±3.6 22.8 ±8.7 0.02
RSA,'R' intervals/min 15.8 ±9.2 19.9 ±4.1 0.02

5 min after exposure to extremely-low-frequency magnetic fields

Group A Group B P<

HR, average 67.1 ±5.4 92.9 ±2.3 0.001
HR, inspiration 26.7 ±8.1 41.2 ±5.6 0.001
HR, expiration 40.4 ±2.7 51.7 ±3.3 0.001
BR, breaths/min 17.4 ±4.7 20.7 ±4.1 0.02
RSA, 'R' intervals/min 18.4 ±1.3 16.8 ±4.9 0.05

30 min after exposure to extremely-low-frequency magnetic fields

Group A Group B P<

HR, average 64.9 ±4.6 87.1 ±3.2 0.001
HR, inspiration 23.4 ±3.1 33.9 ±5.8 0.01
HR, expiration 41.5 ±1.5 53.2 ±2.6 0.001
BR, breaths/min 18.9 ±9.1 19.8 ±2.1 0.05
RSA, 'R' intervals/min 14.2 ±7.8 18.4 ±3.7 0.05

60 min after exposure to extremely-low-frequency magnetic fields

Values are means ±SD. HR - beats/min; BR - breaths/min; RSA - 'R' intervals/min. The P value
denotes significant differences between the two subject groups.



age-matched women. The difference, to the disadvantage of symptomatic women,
held true in both control state and after exposure to extremely-low-frequency
magnetic fields, being accentuated in the latter state. These results suggest a
disturbed autonomic system function with the predominance of the sympathetic
aspect in symptomatic menopausal women. Changes in RSA play a significant
role in maintaining the harmony not only in cardiac performance, but also
influence breathing. Excessive activity of the sympathetic system, regardless of
HR and BR values, is considered an arrhythmiogenic factor in the bibliography.
Tachycardia affects the heart muscle, causing a rise in activity and incorrect
automatism, but, on the other side, directly interferes with the rate, depth, and
rhythm of breath (15). Irregular changes of the rate and amplitude of breathing
rhythm promote arrhythmic breaths, which can, in turn, become a cause of
sufferings connected with the inability of falling asleep, disturbances in the sleep
depth, and thus can indirectly determine their etiology. The psychosomatic
symptoms observed, along with increased variability and sensitivity of both
respiratory and cardiac indices may presage an increased incidence of
cardiovascular and respiratory health problems, such as heart arrhythmias,
hypertension, sleep apneas or other hypoxic lung pathologies, in symptomatic
menopausal women. The long-term sequelae of autonomic imbalance in this
group of women require further longitudinal studies. Although this study could
not discern the exact determinants of increased heart and breathing variability in
the symptomatic menopausal women, it seems a reasonable assumption that the
sympathetic predominance might have to do with the activation of the amygdala
and hippocampus systems that are key regulators of emotions.

To recapitulate, it ought to be added that the action of extremely-low-
frequency magnetic fields on the cardiac conduction system, in particular on its
sinus node, whose nature still remains not completely explored, constitutes a keen
research problem. Hence, the observation reported in this article in relation to the
influence of these magnetic fields on the respiratory system may inspire interest
of individuals who advocate their wider application in medical practice. The non-
invasive estimation of RSA seems a good way to assess the relationship between
the heart and breathing rhythms, both influenced by the autonomic nervous
system, in response to extremely-low-frequency magnetic fields. However,
increased RSA sensitivity, persisting for up to 60 min after discontinuation of
magnetic stimulation, in menopausal women suffering of psychosomatic
disorders suggests caution in its use or a need to modify the hitherto existing
standards of their application in this group of women.

REFERENCES

1. Schlomka G. Untersuchungeüber die physiologische Unregelmüssikeit des Herzchlages.
Kreislaufforsch 1937; 29: 510-512.

183



2. Grossman P, Svebak S. Respiratory sinus arrhythmia as an index of parasympathetic cardiac
control during active coping. Psychophysiology 1987; 24: 228-235.

3. Demaree HA, Robinson JL, Everhart DE, Schmeichel BJ. Resting RSA is associated with
natural and self-regulated responses to negative emotional stimuli. Brain Cogn 2004; 56: 14-23.

4. Smetankin A, Vovk O, Bourmistrov, Spiridonov E, Horwitz B. Comparative evaluation of
breathing patterns and heart rate changes of speech/voice/language specialists from Russia and
the USA during shaping diaphragmatic-relation breathing by the RSA-biofeedback method. 
J Russian Biofeedback Assoc 1999: 2, 22-33.

5. Elstad M, Toska K, Chon KH, Raeder EA, Cohen RJ. Respiratory sinus arrhythmia: opposite
effects on systolic and mean arterial pressure in supine humans. J Physiol (Lond) 2001; 536:
251-259.

6. Giardino ND, Glenny RW, Borson S, Chan L. Respiratory sinus arrhythmia is associated with
efficiency of pulmonary gas exchange in healthy humans. Am J Physiol Heart Circ Physiol
2003; 284: H1585-H1591.

7. Macey PM, Valderama C, Kim AH et al. Temporal trends of cardiac and respiratory responses
to ventilatory challenges in congenital central hypoventilation syndrome. Pediatr Res 2004; 55:
953-959.

8. Pecyna MB. Magnetic fields of low frequency in psychoprophylaxis. J. M. �mieciñski (ed).
Academic Publishing House '¯ak', Warsaw, 2002 (In Polish).

9. Najmi SJ, Rottenberg FH, Wilhelm J, Gross J, Gotlib IH. Respiratory sinus arrhythmia in panic
disorder: evidence of task-specificity and relation to clinical outcome. Psychophysiology 2001;
38: S70-S79.

10. Neff RA, Wang J, Baxi S, Evans C, Mendelowitz D. Respiratory sinus arrhythmia: endogenous
activation of nicotinic receptors mediates respiratory modulation of brainstem cardioinhibitory
parasympathetic neurons. Circ Res 2003; 93: 565-572.

11. Sasano S, Vesely AE, Hayano J et al. Direct effect of PaCO2 on respiratory sinus arrhythmia in
conscious humans. Am J Physiol Heart Circ Physiol 2002; 282: H973-H976.

12. Pecyna MB. Behavior of SMR and theta encephalographic waves in response to low frequency
magnetic fields in young women. Czasopismo Psychol 2001; 1: 95-102 (in Polish).

13. Pecyna MB. Activation of the rhythm of beta and theta electroencephalographic waves by
magnetic fields of low induction. Balneol Pol 2003; 1-2: 49-58 (in Polish).

14. Bieniaszewski L. Digital signal transformation. In Heart rhythm variability, R. Piotrowicz (ed).
Gdañsk, Medical Publishing House 'Via Medica', 1995, pp. 13-37 (in Polish).

15. Yasuma F, Hayano J. Respiratory sinus arrhythmia:why does the heartbeat synchronize with
respiratory rhythm? Chest 2004; 125: 683-690.

Author's address: M. B. Pecyna, Department of Clinical Psychology and Psychophysiology,
Institute of Psychology, University of Opole, 1 Staszica Square, 145-052 Opole, Poland; phone +48
77 4545841 ext. 2271, fax. +48 77 4545841 ext. 2257.
E-mail: sje@o2.pl

184


