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Abstract. Seasonal behaviour of human diseases have beebeen related to the social behaviour of humans during holi-
observed and reported in the literature for years. Althoughdays and close to Christmas and New Year tifkil{ips et

the Sun plays an essential role in the origin and evolutional., 2004. Moreover, there are some claimBréus et al.

of life on Earth, it is barely taken into account in biological 2008 that propose solar activity as an environmental condi-
processes for the development of a specific disease. Highdion for the resonant response of human diseases. Solar ac-
mortality rates occur during the winter season in the Northerrtivity is changing all the time; following well known periodic
Hemisphere for several diseases, particularly diseases of thgatterns that reach a minimum approximately every 11 years,
cardiovascular and respiratory systems. This increment hapassing for periods of maximum activity. The most stud-
been associated with seasonal and social causes. However,i&l feature of this activity has been the sunspots, which have
there more behind these correlations, in particular in terms obeen registered on a daily basis since 1818 (NOAA Solar
solar variability? In this paper we attempt to make a first stepData Services website). Transient phenomena as solar flares
towards answering this question. A detailed wavelet analysiand coronal mass ejections are more common during peri-
of periodicities for diseases from England and Wales seem t@ds of high activity and propagate along the interplanetary
reveal that mortality periodicities (3 days to half a year) could medium (seékang 2005 for a review) reaching the planets

be due to the Earth’s position around the Sun. Moreoverof the solar system and even screening the arrival of cosmic
crosswavelet and wavelet coherence analysis show commarays coming from galactic sources. Depending on the elec-
features between medical diseases and solar proxies arouridomagnetic conditions of the Earth’s magnetosphere, some
solar maximum activity suggesting that this relation, if any, of these transients can affect the Earth’s environment caus-
has to be searched in times of high solar activity. ing geomagnetic storms, auroras or changes in the electronic

Keywords. Electromagnetics (Biological effects) — Geo- content of the |onqspherda(ane 2009. Solar transient an_d
.cosmic ray behaviour has also been related with electric at-

magnetism and paleomagnetism (Biomagnetism; Time vari- : " . .
ations, diurnal to secular) mospheric conditions such as lightnirgchlegel et aj2007)

and Schumann resonancé&afori et al, 2005 which have
periodic components similar to brain wave frequenci@is (
renfeld 1983. Some hypotheses suggest that these atmo-
1 Introduction spheric resonances could affect the human nervous system
and as a consequence alter the human being homoeostasis
Periodic behaviour in mortality is reported elsewhere in thecausing or contributing to the development of a particular
literature (e.g.Healy, 2003. The annual increment at the disease in weak biologic systen@herry, 2002.
end of the year in cardiac, mental and asthma diseases is well Following the complex puzzle that proposes a response of
known and has been often associated with weather condition#ie human being to the solar activity behaviour, many statis-
(Weiss 1990 Sheth et a].1999. These increments have also tical works (seeCorrélissen et a).2002 Palmer et a|.2006
Breus et al. 2008 for reviews), experiments (e.dgBureau
and Persingerl995 Babayev and Allahverdiyey&2007),

Correspondence tdR. Diaz-Sandoval  and theoretical models (e.anagopoulos et a2002 Diaz-
BY (r.diaz@sheffield.ac.uk) Sandoval and Mendoza004) have been carried out over the
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years in order to elucidate this controversial conjecture. An-et al, 2006 and references therein), sunspot, AA and Ap
nual, weekly, and semi-weekly periodicities have been foundgeomagnetic indices were chosen. The sunspots daily num-
in cardiac diseases from diverse databasasrglissen et ber is a widely used proxy of solar activitiKéne 2005.
al., 2002 Diaz-Sandoval et al2008 and references therein) AA geomagnetic index is a proxy of daily global geomag-
and also in geomagnetic proxies. Moreover, cardiac anchetic activity measured for two antipodal stations and the
mental diseases show statistical relations with solar cycleAp geomagnetic index is a proxy of daily global geomag-
Ap geomagnetic index, and sudden decrements (Forbush d&etic activity averaged for twelve stationdldyaud 1980.
creases) in cosmic ray counalmer et al.2006 and refer-  The three of them were obtained from the National Oceanic
ences therein) in ground-based monitors. Electroencephaleand Atmospheric Administration (NOAA), USA database
graphic patterns present alterations during severe geomaghttp://www.ngdc.noaa.gov/stp/SOLARNd cover the same
netic stormsBabayev and Allahverdiyey2007). Cellions  period as the medical diseases series (from 1 January 1997
and proteins show periodic behaviour in the presence of magto 31 December 2005). The studied time period began sixth
netic fields Ulmer, 2002 and recently, there are hypotheses months after the solar minimum of Solar Cycle 23 that oc-
that ultraviolet radiation coming from the Sun in different so- curred in May 1996 Kane 2001). On the other hand,
lar activity stages could be a main factor for the developmentsunspot maximum took place on March 206&ie 2007).
of human immune systenDgévis Jr. and Lowe]I12006. The solar minimum of Solar Cycle 24 has not yet fully de-
In this paper we analyse periodicities of medical data fromtermined at the present due to a recent long and unusual pe-

England and Wales covering most of Solar Cycle 23. Usingriod of low solar activity. AA and Ap indices reached their
wavelets Torrence and Compd 998, a recent mathemat- maximum values on 11 May 2003 (381;25and 19 June
ical tool developed to study the periodic behaviour of non-2003 (24¢/), respectively (numbers extracted from NOAA
stationary series in the time-frequency space, we explore pedatabases).
riodic patterns in medical data during the months when the For medical and heliogeophysical data, we performed a
Earth’s relative position is close and far away from the Sun.time behaviour analysis and an analysis of frequencies using
We found a higher content of high-frequency periodicities the Fast Fourier TransfornP(ess 1992 and the Wavelets
(above the 95% confidence level for wavelet scale averageJransform methodslorrence and Compd 99§ Grinsted et
when the Earth is closer to the Sun. This occurs mostly foral., 2004. The Fast Fourier Transform (FFT) computes the
short period bands for 88.9% of the cases; in fact, 77.8%Discrete Fourier Transform, which extracts the periodic com-
of them show increases larger than 1.5 times. Moreoverponents of a time series using sinus and cosines Hasesg
we determine the level of coherence between periodicities 0fL992. The obtained plot is a variation of power spectral
medical series and solar/geomagnetic activity proxies usinglensity as a function of frequency until a certain limit value,
cross wavelet and wavelet coherence analgisgted etal.  called the Nyquist frequency which is equal to ¢} where
2004, finding a high coherence of annual and semi-annualA? is the sampling time. The FFT spectrum gives informa-
frequencies when the sunspots and AA and Ap geomagnetition about frequency content in a time series within a given
indices are close to their maxima. period of time. In order to determine significant peaks, we

used at-test following the methodology explained Bgnk-

ins and Wattg1967. However, for non-stationary series,
2 Data and methodology FFT does not give enough information about time evolution

of frequency peaks but only gives a global spectrum of the
Medical data was obtained from the Office for National periodicities. On the other hand, wavelet transform is capa-
Statistics, United Kingdom for England and Wales and con-ble of analysing variations of power in the time-frequency
sisted in dataset of the number of daily mortality for the space. It means that the wavelet transform may extract fre-
period dating from 1 January 1997 to 31 December 2005quency information from a signal in a defined period of time.
(3287 days) for the following diseases: 409984 cases ofAssuming a time series, with equal time spacing\t, the
Heart attack known as Myocardial Infarction Disease (MID); continuous wavelet transform is defined as the convolution
450011 cases of Cerebrovascular Disease (CVD); 82412f x, with a wavelet function called “mother wavelet” that
cases of Heart Failure (HF); and 10877 cases of Asthmadepends on two parameters, time and scale. By varying the
MID is split in three age groups: 0-64 years (58 248 cases)scale and translating the wavelet in time, it is possible to con-
65-74 years (95206 cases) and over 75 years (256 536truct a rather complete picture of periodic features in the
cases). CVD has the same division groups: 0-64 yearsime-frequency spacd¢rrence and Compd998§.
(23721 cases), 65—-74 years (57 948 cases) and over 75 yearsAfter characterising the time and frequency behaviour of
(368342 cases). Asthma is split in two age groups: 0-74medical and heliogeophysical data in a separate way, we per-
years (5579 cases) and over 75 years (5298 cases). HF is nfarmed wavelet coherence analysis in order to obtain the re-
split. lation between the periodicities of both types of series. These

Based on previous studies about the analysis of the relaanalyses were cross correlation and cross wavelet analyses.

tionship between solar activity and medical diseaBedier  Cross wavelet and wavelet coherence are analyses developed
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Fig. 1. Wavelet analysis for CVD 0-64 years groyp) Time series.(b) Power wavelet spectrunfc) Global wavelet spectrun{d) Scale
average time series for the following frequency bands: 3—4, 6-8, 12-16, 25-32, 32-64, 64-128, 128-256, 330—-400, 500-600, 601-700 days

to determine the level of coherence of two time series base®.5 year {6 days for most of them) and 1281 days (except
on the wavelet transforn3rinsted et al.2004. The cross MID 0-64), as we expected from the time series behaviour.
wavelet transform shows the common power and the relaThere are conspicuous peaks &1 0.3 years for MID>75
tive phase of two series in time-frequency space. This is arand CVD 0-64, 6+0.4 years for HF and .$+0.2 years for
initial measurement of the level of relation between two se-Asthma 0-74; 44 0.4 years for CVD 65-74 and Asthma
ries in time-frequency space. Wavelet coherence is analo>75 years, ¥+0.6 years for CVD>75 years; and .2+
gous to cross wavelet analysis but introduces a smoothin@.2 years for Asthma 0-74. At high frequencies, the presence
operator in order to localize all possible common power andof peaks was only evident for Asthma groups witth 4 0.1
relative phase of the two series and not only the higher comdays the highest peak for Asthma 0-74 and54600.3 days
mon power. These two analyses are used in a complementaifpr Asthma>75 years. All the considered peaks were above
way here. the 95% level of confidence. However, for some series there
are a few clear peaks at high frequencies under this level of

_ ) confidence (clear peaks of 7 and 3.5 days for MID 65-74 and
3 Time trends of diseases of 7 days for MID>75).

All MID groups and CVD 65-74 show a decreasing trend of A typical and reprgsentativg result ‘?f wavglet gnalysis
the number of deaths that could be related with reductioniS dgmonstrated by Fig. 1 which contains typical time be-
of risk factors for these diseases in England and Wales aviour and wavelet plotg for CVD 0-64 year group. The
et al, 2004. MID, CVD and HF show a clear annual be- power wavelet spectrum is plotted below the corresponding

haviour with maxima at the end (start) of every year (e.g. sedime series plot and shows the power spectrum (in levels of

Fig. 1 for the case of CVD 0-64). For most of the diseases colour) scale/period (vertical axis) as a function of time (hor-

maximum values occurred at the beginning of 1997 After'ZONtal axis). The curved line at the bottom is called the cone
performing a year-superposed analyi&pman and 'Bar_ of influence (Col) and is determined by the analysis itself.
tels 1962 for every group removing the 29 February for leap Below the Col, the _w_avelet can b? subject to edge effects
years (2000 and 2004), the yearly behaviour pattern is clearl)fIue to the use of a finite length serids(rence and Compo

recognisable in all the diseases, even for Asthma groupsmg& We consider only the information above the Col in or-

However, for CVD 0—64, maximum values take place dur- der to avoid spurious features caused by the wavelet method.

ing January or December while minimum values occur forA colour scale indicates if the periodicities have strong (red)
summer months or weak (blue) power and the black line contours a 95% level

of confidence for the existence of a periodicity for certain

scale/period and time. On the right of the power wavelet
4 Frequency behaviour of diseases spectrum plot (Fig. 1c), the average for the time series is de-

picted. This type of information is called the global wavelet
In an FFT analysis of the raw data we found the principal spectrum which represents the total frequency content for all
periodicities of each series. There are low frequency peakshe time period. In this plot, the dashed line indicates a con-
in all diseases corresponding mainly+d year (50 days), fidence of the 95% due to red noisBofrence and Compo
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Fig. 2. Scale-average behaviour along a year (from wavelet analysis) for CVD 0—-64 years group. Each plot represents a turn around the Sun.
An angle of 0 degrees corresponds to 1 January of each year and every year is represented for a complete turn of 360 degrees. 90 degrees
around spring equinox, 270 degrees is around autumn equinox and 180 degrees to summer solstice.

1998. Itis suggestive to perform an average along frequencythe two-times criterion and periods of at least 12 days for the
bands of the power wavelet spectrum vertical axis (scale avthree-times criterion) we found that regardless of the crite-
erage). In this way, we are able to see specific scale/periodon, 3—4 days band content continued being always higher
ranges for wavelet analysis. For our study, we have arbitrarwhen Earth is closest to the Sun and occasionally it is only
ily chosen the following frequency bands: 3—-4, 6-8, 12-16,present during these months. The 6-8 days band has a sim-
25-32, 3264, 64-128, 128-256, 330-400, 500-600, 601#ar behaviour except for CVD 0-64 which has an opposite
700 days. The result is that the appearance-bfyear pe-  result for the two times criterion. However, a stricter three-
riodicity (330—400 days band) is present for all series in thetimes criterion left only one result for Asthma 75 (higher 6-8
wavelets within the cone of influence. days band content during autumn—winter time). The 12-16

In order to analyse more carefully these frequencies andlays band content is higher when the Earth is closer to the
other frequency band contents, we plot the frequency conSun only for CVD 0-64 for two-times criterion. No period-
tent in polar graphs that represent a turn of the Earth aroundcities appear for the three-times criterion. For the two-times
the Sun (see Fig. 2 as a representative example for the sanggiterion, 25-32 days band content is higher during autumn-
data shown in Fig. 1). As the studied complete period con-winter time for Asthma groups but for the stricter three-
tains 9 years (9 turns), the result of each plot is the averag&mes criterion this behaviour was reversed for Asthma 0-
behaviour of the periodicity content around a year (a turn)64 and not present any more for Asthma 75. We found that
beginning from the 1 January of each year and represente@nly the two-times criterion gives a result for 32-64 and 64—
by angle 0. For a rough reference guide, angles of 0, 90, 18328 days band content being always greater during autumn-
and 270 degrees are close to winter solstice, spring equinoxyinter time for Asthma 0-74 and Asthma 75, respectively.
summer solstice and autumn equinox, respectively. Takingd-inally, applying the two and three-times criteria to 128-256
data from the right half circle (autumn—winter) as data whenand 330400 days bands, we obtained more or less the same
Earth’s orbit is closer to Sun and data from the left circle content regardless of Earth’s position around the Sun.
(spring—summer) as data when Earth’s orbit is farther away
from the Sun, we are able to see the apparent distribution of
periodicities for each band either close or far away from the5 Medical diseases and heliogeophysical proxies
Sun.

In relation with short period region, the presence of period-As for the medical data, we performed an FFT analysis
icities is higher in epochs close to the Sun for all the diseasedor several heliogeophysical proxies. For sunspot numbers,
except for CVD groups for 6-8 days band; Asthma 074 forthere are peaks of low frequencies corresponding 109+
the 12-16 and 25-32 days bands and CVD 0-64 for 32—64.5 years, 102+ 0.06 years, and some harmonics for one
days band. Considering only the appearance of periodicitieyear and high frequencies corresponding to e.g6 2®.9
for time scales larger than the double or triple of the studiedand 21+ 0.2 days. For AA there are peaks of6k 151
periodicity (e.g. for 3—4 days band, we focus on the appearyears, 09+ 0.06 year, harmonics of them and in the high
ance of this periodicity in time periods of at least 8 days for frequency regions, there are peaks of72#0.24 days and

Ann. Geophys., 29, 111342Q 2011 www.ann-geophys.net/29/1113/2011/



R. Diaz-Sandoval et al.: Periodic patterns in human mortality and solar activity 1117

Cross wavelet transform: Sunspots-Hearth Failure

;

Period

<tanied
Uy

LEY

|l‘4]

1500 2000 2500 3000
Time (daily data)

w
o
o
o
[=3
o

Wavelet coherence: Sunspots- Hearth Fallure

‘“"I"ﬁJ M""“'“ Vil ' WWY M

I”.""m .'f AL
¢ || [ ] | ,lk 'm?;
‘j

Period

128
256

512
1024

500 1000 1500 2000 2500 3000
Time (daily data)

Fig. 3. Cross wavelet and wavelet coherence analysis of sunspots and HF group.

harmonics of these frequencies (33 0.2 and 696+ 0.02 signals must be discarded. A colour level bar indicates the
days) among others. For the Ap-index, there is also thentensity of each signal. A contour black line determines a
presence of peaks for@+ 0.3 and 14+-0.08 year, their har-  95% level of confidence for the existence of a periodicity for
monics, 277 +0.14 days and its harmonics (B3t 0.07, certain scale/period and time. The arrows in each plot in-
6.96+0.03, 365+ 0.005 days) among others. Periodicities dicate the phase difference between the components of the
close to 1 year and half year have been reported in the literatwo series Grinsted et al.2004). A right arrow indicates
ture previously. A~1.3 year periodicity has been reported an in-phase relation while a left arrow means anti-phase. An
in helioseismical dataKfikova and Solanki2002 and a  annual anti-phase relation is present in most of the series for
lower periodicity of 154—158 days period (about 0.43 years),both cross wavelet and wavelet coherence analyses. The ex-
known as Rieger periodicity, has been found in connection taceptions are AA-index and CVD 65—-74 and Asthma 75, re-
solar flares Rieger et al.1984 Krikova and Solanki2002 spectively.
Bouwer, 1992. The 27-28 day periodicity is associated with  Periodicities content coincidences for all the diseases and
solar rotation awrence et a).2008 and~13.5 day peri- sunspots are plotted in Fig. 4. We note that a yearly peri-
odicity has been related with opposite sources activity perodicity (330-400 days band) coincidence occurs during the
solar rotation and the structure of interplanetary magnetidncreasing phase of Solar Cycle 23 (from the middle of 1998
field (Fenimore et a).1978 Pap et al. 1990 Gonzalez et to the end of 2000 and in few diseases until the beginning
al,, 1993. About 7 and 3.5 days periodicity could be har- of 2001). Similar results were found for AA and Ap geo-
monics of~13.5 days although they only appear in AA and magnetic indices (plots not shown). For AA-index longer
Ap-indices and not in sunspots. They have also been reportetime scales of coincidence for the 330-400 days band cor-
in relation to solar activity and human healtBréus et al. respond to MID 65-74, CVD 0-64 and Asthma 0-74 while
2008 and references therein). shorter periods correspond to MID 0-64, C\AY5 and HF

In order to search for statistically relevant correlation be-groups. For the AA-index, a half year periodicity (128-256
tween the periodicities found in medical data and heliogeo-days band) appears around 1999 for most of the diseases
physical data, we performed a cross wavelet and wavelet coexcept for MID 0-64, MID 65-74 and Asthm@a75 years
herence analyses to pairs of medical and heliogeophysicajroups. For the Ap-index, the results for 330-400 days band
series. Typical results of these two analyses are shown ighow shorter time scales of coincidence for MHEY5 and
Fig. 3 for sunspots and HF. In both panels, the curved line inAsthma>75 from the end of 1998 to part of 1999 (all 1999
the bottom indicates the cone of influence under which thefor Asthma>75). The wavelet coincidences also present a
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Fig. 4. Cross wavelet and wavelet coherence coincident time periods by band for sunspots and all diseases.

half year periodicity (128—-256 days band) around 1999 for1992 and 1.3 years periodicity in helioseismic dataikova
all of the diseases except for MID 65-74 and C¥D5. The  and Solanki2002. Medical series exhibit intermittent peri-
behaviour of the high frequency content for cross waveletodicities in the short period region for 3-4, 6-8, 25-32, 32—
and wavelet coherence coincidence periods is not so eviden64, 64-128 day bands as well. 6-8 days periodicity found
However, for sunspots there are few or none coincidencen some diseases has often explanation in terms of a social
during 1997, 2004 and 2005. weekly behaviour of work and resgpielberg et aJ.1996
Wang et al. 2002. Nevertheless, the 3.5 days periodicity
does not have a convincing explanation in this sense but has
6 Discussion been found in the spectral behaviour of Kp-index and seems
to be related to physiological human paramet&se(s et
Time series behaviour, FFT and wavelet analyses show thadl., 2008. This periodicity has also been seen in the peak
there is a presence of a predominant yearly periodicity in allflux distribution of solar radio burst which produces dam-
time series. FFT also revealed a 1.4—1.6 year periodicity forage to wireless communication systerhtd et al, 2002).
all series except MID 0-64 and MID 65-74; arl.5 year  The~3.5 and 7 days periodicities could be harmonics of the
periodicity for HF and Asthma 75:-1.8 years for HF; and  ~13.5 day periodicity which has been directly found in solar
~2.05 years for CVD 65-74, CVD 75 and HF. Most of the activity (Fenimore et a).1978 Pap et al.1990Q Gonzalez et
series show a half year periodicity as well. This periodicity al., 1993. Finally, the 25-32 days band is around 27-28 day
is rather interesting from a physical point of view becauseof solar rotation Lawrence et a).2008.
of the relevance in solar physics and space weather research.

What the actual physical connection could be reqires fur‘higher occurrence of short period band periodicities when

ther detailed modelling and investigation. In the context ofthe Earth is closer to the Sun around its annual orbit. The

weather or social explanations for these periodicities, only.

the annual and semi-annual ones have been explained a3354 and 6-8 days band periodic content is higher in autumn-

result of a seasonal variation for cardiac and mental disease\gmter.tlme for all the diseases. For Iopg period band; the
(Sheth et al.1999 and asthmaWeiss 1990 or a state of _ehawour of frequency appearance varies. Yearly periodic-
mind because of the holidays or the proximity to the endIty (330_400 days band conten_t) does not show any prefer-
of the year Phillips et al, 2004. Wavelet analysis reveals ence for times when the Eart.h is close or far away.from the
a frequency content of yearly and semi-yearly periodicitiessun' On the other hand, medical and hc.el|ogeophys.|call cross-
for all diseases as well as 601-700 days (1.64-1.92 years avelet and wavelet coherence analysis reveal coincidences
only for HF and a frequency content of 500—-600 days (1.37— f 1-_y ear perlqdl_cny (330._400 da_\ys band) o_nly aroun_d solar
1.64 years) only for Asthma 75. In wavelet analysis the maX|mum._Th|s is a very interesting result with some impor-
yearly signal seems to be predominant over the other possibl%ant potential for further biophysical research.

signals in the long period region. Previous results in the liter- For sunspots and medical diseases, a 64-128 days band
ature show the existence of similar periodicities in solar ac-also appears for Asthma groups around solar maximum,
tivity as Rieger periodicity of about 0.43 years in solar flareswhile AA/Ap and medical diseases cross wavelet and
(Rieger et al. 1984 Krikova and Solanki2002 Bouwer, wavelet coherence analysis show the appearance of a half

In this sense, polar plots from wavelet analysis revealed

Ann. Geophys., 29, 111342Q 2011 www.ann-geophys.net/29/1113/2011/
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year periodicity (128-256 days band) around solar maxi-Bureau, Y. R. J. and Persinger, M. A.: Decreased latencies for lim-
mum for most diseases with the exception of MID groups bic seizures induced in rats by lithiumpilocarpine occur when
and Asthma 75 for AA; and MID 75 and CVD 75 for Ap. daily average geomagnetic activity exceeds 20 nanoTesla, Neu-
An appearance of a 64-128 days band after AA/Ap maxima_ fosc. Lett., 192, 142-144, 1995. .
(May—June 2003) is shown for all groups except for MID 0— Chapman, S. and Bartels, J.: Geomagnetism \ol. 1., Oxford Press,
64, MID 65-74, CVD 0-64 for AA and Ap comparison and _ ©Xord. 1962. o
Asthma 75 only for AA comparison. Coincidences of long Che.rry‘ N.: Schumann Resonances, a plausible b'OphyS.'cal m.e.Cha'
period bands around solar maximum and AA/Ap maximum nism for the human health effects of Solar/Geomagnetic Activity,
show that the level of coherence measured through these tweol:lraéﬂ'igzﬁ?rgi’ azée?%‘ss 1;285 T., Syutkina, E. V., Baevsky,
wavelet analyses is higher around high solar/geomagnetic ac- r., weydahl, A., Watanabe, Y., Kuniaki, O., Siegelova, J., Fiser
tivity. B., and Bakken, E. E.: Non-photic solar associations of heart
rate variability and myocardial infarction, J. Atmos. Solar-Terr.
Phys., 64, 707-720, 2002: Non-photic solar associations of heart
7 Conclusions rate variability and myocardial infarction, J. Atmos. Solar-Terr.
Phys., 64, 707-720, 2002.
In summary, our study seems to indicate a higher presence dbavis Jr., G. E. and Lowell, W. E.: Solar cycles and their relation-
short-period periodicities for the investigated diseases in the ship to human disease and adaptability, Med. Hypotheses, 67,
range of 3 days to half year during epochs when the Earth is 447-461, 2006. _ _
closest to the Sun (3 to 8 days for the strictest criterion re-Diaz-Sandoval, R. and Mendoza, B.: Study of the interaction be-
garding the length of the time scale where these periodicities tween biological cells of different shapes and sizes and electro-

. . magnetic fields produced by natural phenomena, Nat. Hazards,
appear) and a high level of coherence of year and semi-year 31, 143156, 2004.

periodicities during epochs of solar and geomagnetic aCtiVityD'laz-Sandoval, R..#chez de la Fia, S., and Civez-Negrete, A.:
maxima. Seven and 3.5-day rhythms in the incidence of myocardiopathies
Further studies are needed to actually assess the presentin Mexico, Arch. Med. Res., 39(1), 134—138, 2008.

results for more than one solar cycle. Also, in order to at-Direnfeld, L. K.: The genesis of the EEG and its relation to electro-
tribute the behaviour of mortality frequencies in these kinds magnetic radiation, Elec. Biol. Med., 2(2), 111-121, 1983.
of diseases to the Earth’s orbit position around the Sun (i.e. irfFenimore, E. E., Asbridge, J. R., Bame, S. J., Feldman, W. C., and
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