The Impact of Level of Solar Activity on Mortality by Cause in Longtime Period
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The aim of this presentation is to show the dependence of the intensity of mortality on the chosen causes of death in the Czech Republic, according to ICD-10, on the solar activity during the increasing and decreasing phases of the solar cycles No.23 and No.24 in
the period 1994-2011. We use the methods of multivariate statistical analysis. The typology of time profiles for the causes of death is identified with the help of cluster analysis using time. The solar activity is represented by the indices R, Kp, F10.7 and Dst, and also
by the foF2 height of the F2 layer and TEC. There are investigated 67 of individual causes of death according to ICD-10 of groups Il.Neoplasms, VI.Diseases of the nervous system, IX.Diseases of the circulatory system and XVIl.Congenital malformations, deformations
and chromosomal abnormalities. The correlation between the intensity of mortality from cardiovascular disease e.g. 121 (Acute myocardial infarction) and 164 (Brain stroke) and the solar activity parameters is discovered, as well as a stronger dependence on the
height of the F2 layer and TEC. It was found congenital defect Q91 (Edwards and Patau syndrom) dependence on these parameters and also cardiovascular congenital defect e.g. Q20, Q21, Q23, Q25, Q26.

DATA AND REGIONAL DELINEATION TIME PROFILES OF CAUSES OF DEATH TYPOLOGY _
C43 Malignant melanoma of skin C71 Malignant neoplasm of brain II. Neoplasms V1. Diseases of the nervous system

The mortality in the Czech Republic (population of about 10 million) in a investigated period Typology of time profiles of numbers of deaths from selected causes of death was
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clusters revealed that for most causes of death are grouped into four clusters in terms .
of the daily number of deaths. For a different number of clusters is not classification _
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of years from 1994 to 2011 has significantly decreased. Registration of deaths by cause of identified using time series cluster analysis. The calculation was made separately for | - : it : _ 12 12
death is very stable in the Czech Republic in long-term. The cardiovascular diseases are the each series of the number of deaths from chosen causes of death. Division into : ., R P R L
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diseases and the cerebrovascular diseases accounted for 70% of all deaths on the
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cardiovascular causes of death. As reported Bruthans (2011) mortality on cerebrovascular significant. 2 6 61
diseases diclmeshfurther F)ut to (?ther caluses of dea;h froLn.thligroup is still stagnant. The II. Neoplasms (C00-D48) most of years centroids occur at the time of maxima and .| N
numberst © dea’F s on main cardiovascular causes of death in the period 1394-2011 are ¢ minima of solar cycle. Variability between centroids in this group of diagnoses is large. G20 Parkinson disease G30 Alzheimer disease N
plotted in the Figure 1. V1. Di . )
Sl , , . Diseases of the nervous system (G00-G99) between the diagnoses are observable . !
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Electrojet), F10.7 (Intensity of the Sun radio flux) and Dst (Disturbance Storm Time) 126 _ . 2090, . Year Year
L . . . the group does not have common features. The reaction of the nervous system to LA - i, RN | |
represent solar activity in models with solar paremetres. Physical parameters describe the e , o , HE s, - P 1t b IX. Diseases of the circulatory system XVII. Congenital malformations, dleformations and chromosomal abnormaliies
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ionospheric parameters foF2 and TEC were related to the geographic location of the Czech 5 oo found in the maximum of the sc.)IaTr cycle in 2000-2003 slightly less than.the upward SEa 150
Republic phase of the cycle and at the minimum before the start. The graphs in Fig. 4 show g 6 =
N , . . . . 148 Atrial fibrillation and flutter 163 Cerebral infarction 2 =
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Were used. The data Were prOVided by CzeCh StatiSticaI Office. WhOIe Observed periOd ° 7194 1995‘1&'-)‘_'-}6‘1997’‘1998‘19&'—)9‘2000I2001I2002I2003‘2004I2005I2006I2007'I2008‘2009‘2010‘2011I durlng SOIar CyCIe NO.23. The CIUSterS CentrOIdS are placed at the maXImum and the 40 - i 0 % T I E
belongs to time of validity of ICD-10. For detailed analysis were chosen 67 of causes of Year both of minima of the solar cycle. This suggests to changes the nature of the process R |1 R St I $7
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death of the chapters II. Neoplasms (C43, C44, C69, C70, C71, C72, C73, C81, C84, C85), Fig.1: Numbers of deaths on main causes of diseases of in Iye{s\lrstof hlgrhsolar act';"t}' E_”C:]'” the asce”td'”g_p*lise O‘Ithe ?O(;ar C;'C'e when R I NE : T EE | i
VI. D.|seases of the n.ervous system (G20, G21, G30, G31, G35, G36, G37, G40, G80, G90), cardiovascular system in the Czech Republic, 1994-2011 cu rn'lna es-ln. e amc->u-n o) !g ener-gy protons in the so a'r win a.n geomagnetic . . . v Y : : g 1 | -
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chromosomal abnormalities (Q02, Q03, Q04, Q07, Q20-Q26, Q28, Q31., Q3:3, Q39, 943, Codes — _ 2011 (2010=1) changes in the type of cardiovascular mortality, depending on level of solar activity in Q90 Down syndrome Q91 Edwards syndrome and Patau syndrome Fig.3: Histograms of the clusters centroids by ICD-10 group of diagnosis.
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in mortality by cause, especially for cardiovascular diseases (see Figure 1), in the CR followed Il:j gerekbral mfarctl.?.n . h Ny g.zj and No.23/24. For this group of causes of death can be seen a significant difference b ococ C e e e e level of mortality and its spread over the reference period.
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Summary of results of the linear regression models with solar activity parameters Kp, R, AE, | »z2=0:2%§: ¢} R R
METODOLOGY T —— TR TR F10.7 and Dst are shown in the Table 2. The regression models with ionospheric parameters | 2.2zt %z 2 1€ R ..
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. . . . . ) L . o7 Other cerebrovascular diseases ___ 3% 07 002 00 o 00l 0% corresponds to the negative partial correlation. If the explanatory variable is excluded from the | ° 5 : g
referred to as segmentation in contexts of large data sets. While segments are often identified using static characteristics, evolving systems may be Q04 Other congenital malformations of brain 113 0,07 002|009 , , e , i C i
. . . . L . . L Q20 Congenital malformations of cardiac chambers | 1,12 0,01 001 -001| 0,06 model, are not the appropriate parameters in the table above. Verification of conformity of the s -
better described by how processes change over time. In this special case is this method used to investigate the possible influence of abnormal solar Q21 Congenital malformations of cardiacsepta | 0,91 0,16 002 -0,01 0,01 0,07 , , . o R -
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. . . Q26 Congenital malformations of great veins 115 0,03 0,05 percentage of variability of the number of deaths by cause of death explained by the regression
on individual causes of death and compare it with timing of the solar cycle and the occurrence of abnormal solar events. Cluster analysis was Q87 Other specified congenital malformations | 0,97 0,15 0,01 0,07 , , Fig. 4: Time profiles of causes of death 121 and 164 ]
. ™ . . . . . L . . . Q90 Down syndrome 121 007 002 001 002 0,06 model for the given data. When were gradually excluded all explanatory variables from the
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segmentation in cluster analysis. The object entering into the calculation is realization of a random vector with components Year and Daily number of regression model with solar parameters regressors. model is not listed in the tables at all. The residual analysis was performed in the calculation, h It of A dial i ion 121 h
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The number of realizations of random vector in the reference period 1994-2011 is 6573. During the calculation data was repeatedly distributed to 50 Homt farlure eor 012 ool oo , . , , ) compared to myocardial infarction. We see that cluster 4 in red looks very
. . . . . . . 23 Corabral infarction cee 010 ooil oo 2002) and (Szczeklik, 1984), where for acute myocardial infarction found negative correlation '
1-5 clusters in 10 iterations and the optimal number of clusters is selected. The homogeneity of the groups is measured by cluster mean square g i o oo | o to shifted indices of solar activity homogeneous for this both causes in the period from 2005. The linear regression model
deviation. Cluster centroid is the median time variables, the random vector component Year in the cluster. Each daily number of deaths from the 167 Other cerebrovasculardiseases { 908 040 OM 1 00 , , , ' , , ' '
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groups were compared with the timing phase of the solar cycle. Table 3: Estimated coefficients of the linear regression o) Lt column are plotted clusters centroids on a graph of relative sunspot number R during
. . : . : . and 45 % variability for the cause of death Q91 Edwards and Patau syndromes. o ) )
e The linear regression model performed in SAS 9.2TM by procedure REG to verify the number of deaths dependence on solar and ionospheric model with ionospheric parameters regressors. solar cycle No.23 for 121 Acute myocardial infarction (up) and 164 Brain stroke (down).

parameters during the solar cycle No.23 was used. The linear regression model with regressors solar parameters is described by the equation [2]:
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