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INTRODUCTION
All living beings are inextricably bound up with the envi-

ronment. Man has evolved and accommodated to the natural
factors. Sudden and sharp changes in our surroundings are
accompanied by respective adaptation reactions. It is well
known that meteorological variations affect our functional
status. Similar effects have been established for space wea-
ther using different parameters as solar activity (SA), geo-
magnetic activity (GMA) and cosmic rays (CR). Our team
has performed several investigations in the field and partici-
pated in the analyses of such data and results at different geo-
graphical regions situated at middle latitudes. The purpose of
this article is to compare and generalize the analyzed and
published results obtained from the investigations of healthy
subjects during different cycle phases of SA and GMA. 

Conducted investigations 
Examinations may be divided into four groups taking

into consideration locality of healthy volunteers and phases
of solar activity.

1. The first group consisted of 86 functionally healthy
volunteers. They were examined in Sofia, Bulgaria every
working day during maximal SA and GMA (autumn in 2001
and spring in 2002). Arterial blood pressure (ABP) and heart
rate (HR) were measured. Data about subjective psycho-
physiological complaints (SPPC) were gathered (1-8).

2. The second group was examined every working day,
including Saturdays for 2 years (2006 - 2008) during declin-
ing SA phase in Baku, Azerbaijan. Electrocardiograms

(ECG) of healthy volunteers were registered. HR and RR-
intervals from ECGs were analyzed (9-12).

3. Physiological parameters of 4018 Slovak aviators,
obtained during their regular medical checks for 9 year peri-
od (1994 - 2002), spanning minimal, increasing and maxi-
mal SA were analyzed. ABP and HR were measured in rest
as well as under different degrees of physical load (13-15). 

4. Physiological registrations of healthy volunteers in
Sofia during declining SA phase were also performed (16-18):

4.1. A group of 14 functionally healthy subjects was
examined in the spring of 2009 in Sofia. ABP, SPPC and 5-
minutes ECGs were registered. 

4.2. ECGs of two healthy volunteers for a whole year
period (2008 - 2009) were registered and analyzed. The vol-
unteers performed 5-minutes ECG registrations twice daily:
in the morning (immediately after awakening) and in the
evening (before falling asleep). ECGs had 5-minutes length
to provide reliable data for heart rate variability (HRV)
analyses. HR is the number of heart contractions and HRV is
the variation of these contractions, i.e. RR-intervals varia-
tions in ECG.

RESULTS
1. Results from the group of 86 volunteers in Sofia 
during solar maximum
Results from these investigations (1-8) revealed that sys-

tolic blood pressure (SBP), diastolic blood pressure (DBP),
pulse pressure (PP) and SPPC were statistically significant-
ly increased with GMA increase. The average values of the
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group were higher by about 10% and 1/3 from the examined
subjects had reported SPPC during severe geomagnetic
storms. 

Physiological parameters variations were registered from
the day before until two days after geomagnetic storms
development. Fig. 1 shows SBP dynamic of the group. 

Similar changes in physiological parameters (SBP, DBP,
PP and SPPC) were established at cosmic rays intensity
(CRI) decrease. They were observed on the days before, dur-
ing and after registered Forbush decreases, Fig. 2. 

The following conclusions can be drawn from the inves-
tigations of healthy subject in Sofia during solar maximum:

● Average values of SBP, DBP, PP and SPPC increased
during geomagnetic storms and there was a quantitative
exposure-response relation between increment of physiolog-
ical parameters and geomagnetic field (GMF) – the more
GMF intensity was, the more average values of physiologi-
cal parameters increased. 

● Variations in physiological parameters under GMA
changes were not only statistically significant but biological-
ly significant too: ABP and PP increased above 10% and per-
centage of the persons with SPPC reached 30% under
changes of all of geomagnetic indices under consideration.

● The changes obtained in the examined physiological
parameters were registered from the day before until the sec-
ond day after geomagnetic storms development. 

● Similar variations in the physiological parameters
were established for CRI decreases.

2. Results from ECGs of Baku volunteers during
declining solar activity cycle
Statistically significant effects of GMA on HR were not

established as it was for the HR of Sofia volunteers. A trend
for decreasing the group average value of HR on the days of

the registered storms was revealed. However it is interesting
that there were HR peak increases on the preceding and fol-
lowing days, Fig. 3. 

It appears that HR varies significantly and obtains peak
values for high GMA as well as for the largest CRI decreas-
es which were registered during the examination period, Fig.
4.

Detailed analyses (9-12) of ECG data of Baku volunteers
during declining SA cycle can be summarized as follows: 

● It has been shown that GMA and CRI variations could
be considered as one of the indicators of space weather,
which play a role in regulating environmental factors in
human homeostasis, particularly, cardio-vascular health
state.

● The effects were more pronounced for 
- high levels of GMA (when geomagnetic storms occur)

and 
- strong CRI decreases.

Fig. 1. GMA effects on SBP on the days before, during and after
geomagnetic storms 

Fig. 3. GMA effects on HR on the days before, during and after
geomagnetic storms 

Fig. 4. CRI effect on HR on the days before, during and after CRI
variations

Fig. 2. CRI effects on SBP on the days before, during and after
CRI decreases
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3. Results from Slovak aviators group 
It was obtained that the physiological parameters took

their minimum value at high GMA levels and at strong CRI
decreases, Fig. 5. Exception was DBP, which was maximal
during strong CRI events. 

Considering the days of geomagnetic storms develop-
ment results revealed that all of the physiological parameters
had peak fluctuations immediately around the days of mod-
erate and major storms. Fig. 6 shows dynamic of DBP in rest
(without physical load) of the group.

Analyses of the CRI effects showed that on the days
before Forbush decreases physiological parameters
decreased and after the respective days they increased.

Elaborated analyses (13-15) pointed to the following con-
clusions:

● High GMA levels were associated to HR, SP and DP
decrease on the days of geomagnetic storms. 

● Strong CRI decreases were associated to HR and SP
decrease but DP increase. 

● HR, SP and DP varied significantly on the days before,
during and after increased GMA and CRI decrease.  

● For moderate and major storms the sharp decrease,
noticed on the days before or during geomagnetic storms,
was usually followed by a sharp increase on the days after
the storms. In some cases peak increases or decreases on dif-
ferent days for the same GMA levels were registered. The
first trend concerns mainly HR and SP parameters, while the
second refers to DP parameters.

● For the strongest Forbush effects the decrease of HR,
SP and DP parameters, noticed on the days before CRI
decreases, was usually followed by an increase on the days
after CRI decreases.

4. Results from Sofia’s volunteers during declining
solar activity cycle

4.1. Group of healthy volunteers
The average SBP, DBP and SPPC values of the group

increased from day 0 to +2nd day of the registered weak
storms during the period of examinations, Fig. 7. However
there was a trend for decrease of HR of the group on the day
of weak geomagnetic storms, Fig. 8.

Although HRV parameters of the group were not statisti-
cally significantly affected by the weak storms, they varied
significantly on the days immediately before, during and
after weak storms.

4.2. Results from ECGs data for a period of one year
It is interesting that both persons did not reveal quantita-

tive linear dependence on the geomagnetic storms with dif-
ferent intensities. Both subjects increased HR during major
storms and on the days before and after the respective major
storms and the 1st person increased HR also during weak
storms. However both persons decreased HR during moder-
ate storms (Fig. 9, Fig.10). 

HRV indices for both persons had peak fluctuations on
the days immediately before, during and after registered
moderate and major storms. 

Fig. 5. GMA effect on 
SBP and DBP in rest (±95% CI)

Fig. 7. GMA effects on SBP of the group on the days before, 
during and after geomagnetic storms (±95% CI)

Fig. 6. GMA effect on DBP before, during 
and after geomagnetic storms

Fig. 8. GMA effects on HR of the group on the days before, dur-
ing and after geomagnetic storms (±95% CI)
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Different responses of the two persons to GMA changes
reveal that individuals try to accommodate to space weather
variations. It supposes that the type of adaptation reaction
depends on the personal features and initial state of the per-
sons’ functional state, which can vary from day to day
according to every day activities and suggests that even
healthy persons could be adversely affected from sharp envi-
ronmental factors variations in some cases (when they are
more physically and/or psychically loaded and respectively
more vulnerable). 

Detailed results of the examined volunteers in Sofia dur-
ing declining solar activity cycle (16-18) can be summarized
as follows:

● Results revealed strong variations of HRV parameters
of the group from the day before (-1st day) till three days
after (+3rd day) weak storms, which were registered during
the time of investigation. 

● ABP and SPPC of the group increased statistically sig-
nificantly from 0 day till +2nd day. There was a trend for
decrease in heart rate on 0 day.

● Personal everyday measurements of the two volun-
teers for a period of 1 year revealed that morning measure-
ments were more sensitive to space weather variations in
comparison to evening measurements. Both persons reacted
in different way to geomagnetic storms with different inten-
sities. They decreased heart rate during moderate storms but
increased this parameter before, during and after major
storms. HRV parameters varied significantly also on these
days.

CONCLUSIONS
Comparison of the obtained results from the performed

investigations of healthy persons at different geographical
regions at middle latitudes and during different SA cycle
phases lead to the following conclusions: 

1. The results from physiological examinations during
different stages of solar activity cycle reveal different depen-
dences but all related to adaptation variations of physiologi-
cal parameters towards physical environment factors on the
days before, during and after geo-effective solar events. 

2. The results suggest that healthy people manifest an
adaptation reaction to accommodate to space weather varia-
tions. This reaction is not threatening to their physiological
and cardio-health state but within the normal range.
However persons with diminished compensatory abilities
are more vulnerable to environmental factors’ variations and
it would be useful to be aware to take precaution measures
in time to avert negative physiological reactions and in this
way to avoid probable clinical consequences. 

3. The results show that further investigations should be
performed in this direction. The determination of the impact
degree of the solar activity factors on the cardio-vascular
parameters will make it possible to recommend under which
changes of the respective factors it would be desirable to
apply counter-measures. More investigations are needed to
confirm these adverse effects and to determine those helio-
geophysical factors features which most strongly affect
human physiology state. If the effects of space weather are
confirmed in different examinations at various latitudes and
longitudes then it would help for timely applying a prophy-
lactic measures to avert unfavorable reactions of vulnerable
persons. 

Fig. 9. GMA effects on HR of the 1st person on the days before,
during and after geomagnetic storms 

Fig. 10. GMA effects on HR of the 2nd person on the days before,
during and after geomagnetic storms 
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Sa`etak
Dat je pregled kolaborativnih studija o mogu}em uticaju vremena na zdrave volontere na
srednjim nadmorskim visinama u toku razli~itih faza solarne aktivnosti (SA). Rezultati su
otkrili da srednja vrednost arterijskog krvnog pritiska (ABP), puls (HR) i promenjljivost
pulsa (HRV), parametri pregledanih zdravih volontera sa razli~itih geografskih podru~ja,
variraju sa porastom geomagnetne aktivnosti (GMA) i opadanjem intenziteta kosmi~kog
zra~enja (CRI).

REFERENCES

1. Dimitrova S., I. Stoilova, I. Cholakov.
Influence of local geomagnetic storms on arteri-
al blood pressure. Bioelectromagnetics, Vol.
25(6), 2004, pp. 408-414. 2.

2.  Dimitrova S., I. Stoilova, T. Yanev, I.
Cholakov. Effect of local and global geomag-
netic activity on human cardiovascular home-
ostasis. Archives of Environmental Health. Vol.
59(2), 2004, pp. 84-90.

3. Dimitrova S. Relationship between
human physiological parameters and geomag-
netic variations of solar origin. Advances in
Space Research, Vol. 37 (6), 2006, pp. 1251-
1257.

4. Dimitrova S. Different geomagnetic
indices as an indicator for geo-effective solar
storms and human physiological state. Journal
of Atmospheric and Solar-Terrestrial Physics,
Vol. 70, 2008, pp. 420-427.

5. Dimitrova S. Influence of local geomag-
netic variations of solar origin on persons with a
different blood pressure degree. ESA SP-600,
Proc. of the 11th European Solar Physics
Meeting, December 2005, pp. 433-436.

6. Dimitrova S. Cardiovascular homeostasis
and changes in geomagnetic field, estimated by
Dst-index. In Book: Studies in Applied
Electromagnetics and Mechanics
“Electromagnetic field, health and environ-
ment”, Vol. 29, IOS Press Book, Eds: A.
Krawczyk, R. Kubacki, S. Wiak, C. Lemos
Antunes, 2008, pp. 238-243.

7. Dimitrova S. Possible heliogeophysical
effects on human physiological state. Proc. of
the 257 IAU Symposium, Cambridge University
Press, Eds. N. Gopalswamy & D.F. Webb, 2009,
pp. 65-67.  

8. Dimitrova S. Cosmic rays variations and
human physiological state. Sun and Geosphere,
2009; 4(2), pp. 79-83.

9. Dimitrova S., F.R. Mustafa, I. Stoilova,
E.S. Babayev, E.A. Kazimov. Possible influence
of solar extreme events and related geomagnetic
disturbances on human cardio-vascular state:
Results of collaborative Bulgarian–Azerbaijani
studies. Advances in Space Research, Vol. 43,
2009, pp. 641–648.

10. Mavromichalaki H., M. Papailiou, S.
Dimitrova, E.S. Babayev, F. R. Mustafa
Geomagnetic disturbances and cosmic ray vari-
ations in relation to human cardio-health state: a
wide collaboration. Proc. of 21st ECR
Symposium, Kosice, Slovakia, 2008, pp. 351-
356.

11. Papailiou M., S. Dimitrova, E.S.
Babayev, H. Mavromichalaki. Analysis of
changes of cardiological parameters at middle
latitude region in relation to geomagnetic distur-
bances and cosmic ray variations. CP1203,
Proc. 7th Int. Conf. of BPU, Eds. A.
Angelopoulos and T. Fildisis, Publ. American
Institute of Physics 2009, pp. 748-753.

12. Mavromichalaki, H., Papailiou, M.,
Dimitrova, S., Babayev, E.S., Loucas, P. Space
weather hazards and their impact on human car-
dio-health state parameters on Earth. Natural
Hazards 64(2), 2012, pp. 1447-1459.

13. Papailiou M., H. Mavromichalaki,  K.
Kudela, J. Stetiarova, S. Dimitrova, E.
Giannaropoulou. The effect of cosmic ray inten-
sity variations and geomagnetic disturbances on
the physiological state of aviators. Astrophys.
Space Sci. Trans., 7, 2011, pp. 373–377. 

14. Papailiou M., H. Mavromichalaki, K.
Kudela, J. Stetiarova, S. Dimitrova. Effect of
geomagnetic disturbances on physiological
parameters: An investigation on aviators.
Advances in Space Research, Volume 48, Issue
9, pp. 1545-1550, 2011.

15. Papailiou, M., Mavromichalaki, H.,
Kudela, K., Stetiarova, J., Dimitrova, S. Cosmic
radiation influence on the physiological state of
aviators. Natural Hazards 61 (2), 2012, pp. 719-
727.

16. Angelov I., S. Dimitrova. Device and
method for assessing possible effects of 900
MHz EMF and geomagnetic activity on heart
rate variability. Proc. of the 3rd Intern. Sci.
Conf. FMNS-2009, Vol. 1, pp. 135-142.

17. Dimitrova S., I. Angelov, E. Petrova. A
case study of possible effects of geomagnetic
activity and mobile phones on heart rate vari-
ability. MD-Medical Data, medical review, Vol.
1(2), 2009, pp. 13-16.

18. Dimitrova S., I. Angelov, E. Petrova.
Solar and geomagnetic activity effects on heart
rate variability. Natural Hazards 2013; 69: 25-
37.

<The paper was received on 14.04.2014., Accepted on 16.04.2014.


