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Abstract
A decrease in heart rate variability (HRV), gauged by the standard deviation, had been
associated earlier with exposure to a magnetic storm in space in a transverse study on cosmonauts.
A longitudinal study now confirms this result on a clinically healthy man who monitored his ECG
for 7 days. The decrease in HRV is documented both in a time-domain and in a frequency-domain
measure of HRV, and is found to affect frequencies lower than one cycle in about 3.6 sec, pointing
to an underlying physiological mechanism other than the parasympathetic as being putatively
responsible for the physiological response to changes in magnetic activity. In the search for
mechanisms, new invasive and non-invasive hardware-software systems offer themselves to assess
long-term and short-term hemodynamic changes.
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INTRODUCTION

Earlier, in a transverse study of cosmonauts in space, exposure to a geomagnetic
storm had been found to be associated with an about 30% decrease in heart rate
variability (HRV) (1). A decrease in HRV was also found to be associated with an
increased solar activity (2), as seen in a longitudinal record obtained mostly at 30-min
intervals, around the clock, for 11 years on a clinically healthy man (3) and in another
series of self-measurements (5-6 per day during waking) spanning 31 years (4).
The ultrastructure of cardiomyocytes of rabbits was also found to be altered
during a strong magnetic storm as compared to quiet conditions, as was the
circadian variation of several hemodynamic variables (5). Chibisov et al. (5)
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postulate that the destruction and degradation of mitochondria in cardiomyocytes,
the increase of lipids, and the decrease in oxygen content in blood observed in
these „Chinchilla“ rabbits could result in a decrease of heart contractile power.
A decreased HRV, in turn, constitutes a putative mechanism underlying the
increased incidence of myocardial infarctions observed on the day following an
inversion of the interplanetary magnetic field (6-8). A decreased HRV indeed
characterizes patients after a myocardial infarction (9, 10) as well as patients who
are to develop coronary artery disease in the next 6 years (11).
SUBJECT AND METHODS
On several occasions, a 48-year-old clinically healthy man recorded his ECG for 7 days using
a Holter monitor (Fukuda Denshi, Tokyo, Japan). The data were retrieved and processed over
consecutive 14.4-min intervals to obtain estimates of time- and frequency-domain as well as chaotic
endpoints of HRV (12-16). One of the 7-day profiles coincided with a 3-day span of high magnetic
activity, which allowed a longitudinal assessment of any effects on HRV. The different endpoints,
summarized for each day separately, were compared by Student t-test between the 3 days of high
magnetic activity and the 4 days of quiet conditions.
RESULTS

As in the earlier transverse investigation, HRV (expressed as a percentage of
the average R-R interval) was reduced on days of high magnetic activity (7.46%
± 0.16%) by comparison with quiet days (9.74% ± 0.46%) (t=4.061; P=0.010),

Fig. 1.
Reduced heart rate variability during days of high magnetic activity revealed
by two related endpoints
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Fig.1 (left). The total spectral power was also reduced from 7232 ± 789 (msec2)
to 4082 ± 169 (msec2) (t=3.338; P=0.021), Fig. 1 (right).
The decrease in spectral power could be further investigated in three spectral
ranges, below one cycle in 25 sec („VLF“), around one cycle in 10.5 sec (0.040.15 Hz) (circadecisecundan, DSs, or „LF“), and around one cycle in 3.6 sec
(0.15-0.4 Hz) (circaquadrisecundan, QSs, or „HF“). HRV was found to be
reduced primarily in the „VLF“ (<0.04 Hz or >25 sec) region of the spectrum,
from 2844 ± 294 msec2 to 1821 ± 55 msec2 (t=2.917; P=0.033), Fig. 2 (left). The
reduction in HRV in the DS („LF“) region of the spectrum (around one cycle in
10.5 sec) was only of borderline statistical significance (t=1.942; P=0.110), Fig. 2
(middle), and it was not statistically significant in the QS („HF“) region of the
spectrum (around one cycle in 3.6 sec) (t=0.906; P=0.416), Fig. 2 (right). This
result suggests that the physiological mechanism underlying a response in
HRV to magnetic disturbances may involve the sympathetic rather than
parasympathetic central nervous system.

Fig. 2.
During days of high magnetic activity, heart rate variability (HRV) is reduced (left) to a different
extent or not at all (right), in different spectral regions

A chronobiologic analysis of the 7-day ECG record as a whole revealed
a particularly prominent about-weekly component, as well as a spectral peak in the
circadian range away from precisely 24 hours for HRV endpoints such as the slope
of the 1/f spectral behavior and for the relative spectral power around 10.5 sec
(DSs or „LF“), both variables peaking at a period of about 21 hours. A spectral
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peak around 28 hours characterized the relative spectral power below one cycle
in 25 sec („VLF“). Such an alteration of the circadian component of the chronome
occurred only for some but not all HRV endpoints, all variables investigated
showing a clear secondary peak at 12 hours, whether or not the circadian period
coincided with or differed from exactly 24 hours. These results are reminiscent of
those reported by Chibisov et al. (5), namely a functional desynchronization of the
circadian system of „Chinchilla“ rabbits’ heart function, which was accompanied
by morphological changes in the ultrastructure of cardiomyocytes in association
with the occurrence of magnetic storms.
DISCUSSION AND CONCLUSION

The ongoing Asian Chronome Ecologic HRV (ACEHRV) investigation, now
extended internationally (ICEHRV), a part of a broader project on the Biosphere
and the Cosmos (BIOCOS) (17), is eminently suited to prospectively study effects
of geomagnetic storms on the chronome of HRV in health as reference standards
for detecting alterations in disease.
Another relatively new tool for exploring underlying mechanisms is the noninvasive assessment of baroreflex sensitivity (BRS) by means of spectral analysis,
without the need for intravenous administration of pharmacological agents such as
phenylephrine. The availability of relatively cost-effective instrumentation for the
beat-to-beat non-invasive monitoring of blood pressure and R-R intervals enables the
large-scale clinical assessment of short-term changes in BRS in response to different
stimuli (such as a change in blood pressure brought about by the administration
of phenylephrine), opening the door to new cardiological applications.
Like HRV, BRS, an index of autonomic nervous function, reportedly predicts
survival in cardiovascular disease (18). Clinical applications are broadened when
BRS is assessed by spectral analysis of blood pressure values and R-R intervals (19)
(BRS-1), allowing continuous observation. BRS-1 was validated by comparison
with the traditional infusion of phenylephrine (BRS-2), and used to study BRS
dynamics (BRS-3) associated with an increase in blood pressure.
The validation was done with a Holter electrocardiographic record (Fukuda
Denshi, SCM280), started at 14:00 on 10 healthy volunteers (19-47 years of age),
and a catheter placed while the subject was resting supine. Non-invasively
(JENTOW-7000; Colin Medical, Komaki, Japan; 20), the arterial blood pressure
waveform was recorded continuously for at least 80 sec after phenylephrine was
injected intravenously. Using the JENTOW-7000 software, a target systolic
pressure elevation of 40 mmHg served to calculate BRS-2. Blood pressure and
R-R variability was analyzed by maximum entropy using MemCalc software
(Suwa-Trust, Tokyo) (21). BRS-1 was calculated as the square root of the ratio
between the ~10.5-sec (0.04-0.15 Hz; DSs or „LF“) power of R-R and that of
blood pressure (19). Dynamic changes in BRS were assessed longitudinally
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(BRS-3, in msec/mmHg) over 30-sec spans progressively displaced by 5 sec
throughout the time series of systolic blood pressure, diastolic blood pressure and
R-R intervals obtained during the about-80-sec pressor response to
phenylephrine, yielding 10 sequential records.
Like HRV, BRS is circadian stage-dependent (22-25). The non-invasive
continuous monitoring of blood pressure and R-R intervals by arterial tonometry
thus allows the evaluation of BRS over very short spans, rendering possible the
detailed study of changes in response to different stimuli. In particular, this
methodology awaits applications to study effects of magnetic disturbances on
HRV, the reduction of which may constitute a risk for coronary artery disease, left
ventricular hypertrophy and myocardial infarction (26).
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ZMùNùN¯ CHRONOM VARIABILITY SRDEâNÍ FREKVENCE V PRÒBùHU VYSOKÉ
MAGNETICKÉ AKTIVITY
Souhrn
SníÏení variability srdeãní frekvence hodnocené pomocí standardní odchylky bylo dﬁíve
spojováno s vystavením magnetické bouﬁi v kosmu v transversální studii provedené na
kosmonautech. Longitudinální studie nyní potvrzuje tento v˘sledek na klinicky zdravém muÏi
s monitorovan˘m EKG po dobu sedmi dnÛ. SníÏení variability srdeãní frekvence je dokumentováno
jak v ãasové, tak i ve frekvenãní doménû. Je zji‰tûno, Ïe ovlivÀuje frekvence niÏ‰í neÏ jeden cyklus
v asi 3,6 s, coÏ ukazuje na to, Ïe fyziologická reakce na zmûny magnetické aktivity je vyvolávána
jin˘m fyziologick˘m mechanizmem neÏ prasympatikem. Pﬁi hledání v˘‰e uveden˘ch mechanizmÛ
jsou k dispozici nové invazivní a neinvazivní poãítaãové systémy pro hodnocení dlouhodob˘ch
a krátkodob˘ch hemodynamick˘ch zmûn.
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