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The meteorological and geophysical parameters, which
sufficiently affect the human beings are the followings: air
temperature and humidity, wind speed, atmospheric pressure,
solar activity (Wolf’s number), the geomagnetic fields, solar
radiation, the cosmic rays, light ions, acrosols, ozone, other air
toxic admixtures and others [1,2,5,7,10,12,13]. Generally, the
human’s health is primarily affected by the lifestyle (50-55%),
then — by the environment (25-30%), and finally — by heritage
and medical care [1]. In recent decades, in relation with intense
growth of the anthropogenic environmental pollution and
climate change, especially in the large cities, practically all
above mentioned meteorological and geophysical parameters
undergo significant change. Repeatability of extremely high
air temperatures, anthropogenic levels of electromagnetic
radiation (cell phones, computers, etc.), ground level ozone
and aerosol concentrations and others has increased. This
additional anthropogenic load on the biosphere increases the
© GMN

level of above mentioned risk - factors influencing on human
health and life [1,2].

The effects of the action of environmental factors on human
health have different scales - from minute, hour, day, decade
and month to the seasonal and annual. For example, period-
icity of 7 and 3, 5 day of mortality from the cardiovascular
diseases (CVD) is established in the work [7]. Results of
investigation of influence of monthly average values of
air equivalent- effective temperature EET (combination
of temperature, air relative humidity and wind speed) and
monthly duration of magnetic storms D on the health of
the population of Tbilisi city are represented in work [5]. It
is obtained that the effect of indicated separate factors and
their combinations on human health is various in different
months of the year. The analysis of regression connections
of mortality from the CVD with the EET and D showed
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that the contribution of each of the variables into change-
ability of mortality (in the limits of variation scope) is the
following. In the range EET from — 5° to 4,6°: EET - 8,6%,
D - 22,2%; in the range EET from 5,2°to 21,8° T - 26,3%,
D - is insignificant [5].

In work [1] is shown, that in smog days situation together with
air pollution by ozone, the ozone forming gases and the aero-
sols under the conditions of Tbilisi (especially those suffering
from cardiovascular diseases) an essential effect on human
health have a variation in such factors as the thermal regime
of air, atmospheric pressure, cosmic rays (in essence as the
indicator of geomagnetic situation). Thus, increased surface
ozone concentrations (and its accompanying harmful compo-
nents of smog) on the average growth of annual mortality of
the inhabitants of Tbilisi city by 1680 people. This is equal
to 14.1% of entire average annual mortality of the population
of Thilisi city, which is approximately 3 times higher than the
same indices for the advanced countries [1,2,9].

The thermal regime of the atmosphere is one of the most im-
portant factor influencing the human health. This factor acts
on people everywhere, and especially in the large cities, where
the inhomogeneities of the distribution of air temperature are
clearly expressed. Very sensitive to the action of the thermal
regime of the atmosphere appear those with cardiovascular,
respiratory, cerebrovascular, etc. diseases. Therefore, the spe-
cial attention is payed to studies of the influence of this factor
on the appearance, the flow and the lethal outcome from the
cardiovascular and other forms of catastrophes. A lot of works
are devoted to similar studies.

In Europe and other countries higher mortality in winter
than in summer, making it a public health issue [4,6,8,12,14-
16]. Mortality from respiratory diseases exhibits a clear sea-
sonal pattern that has been attributed to different infections
including influenza [10,15,17]. The analogous seasonal
effect is also observed for CVD mortality [4,6,8,14,16],
probably due to seasonal changes in temperature [12], in
cardiovascular risk factor levels [6,8,16,17] or to exacerba-
tion by other conditions such as influenza [15].

The results [14] show that cold stress has a considerable
impact on mortality in central Europe, representing a public
health threat of an importance similar to heat waves. The
elevated mortality risks in men aged 25-59 years may be
related to occupational exposure of large numbers of men
working outdoors in winter. The estimated excess mortal-
ity during the severe cold spells in January 1987 (+274
cardiovascular deaths) is comparable to that attributed to
the most severe heat wave in this region in 1994. There is a
striking association between the extreme cold temperatures
and mortality from cancer, not previously reported, which
is more remarkable in the elderly. These results could be
explained by a harvesting effect in which the cold acts as
a trigger of death in terminally ill patients at high risk of
dying a few days or weeks later [12].
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In the works [6,8] is shown that the overall dependence
of CVD mortality from EET in 15 hour is following - the
decrease of mortality from the gradation of sharp cold to
comfortable and warm with further increase to the hot.
Studies on the seasonality of mortality by cause of death
have focused on a separate or to the group of the adja-
cent country mainly [4,6,8,10,12,14]. However, recently
extensive studies appeared covering countries located
on different continents [16,17]. CVD mortality reveals a
seasonal pattern. Some studies suggested several possible
determinants of this pattern, including misclassification of
causes of deaths. The authors aimed to assessing seasonality
in overall, CVD, cancer and non-CVD/non-cancer mortal-
ity using data of 19 countries from different latitudes. In
countries with seasonal variation, mortality from overall,
CVD and non-CVD/non-cancer show a seasonal pattern
being higher in winter than in summer. Conversely, can-
cer mortality shows no substantial seasonality [16]. In the
Northern and Southern Hemispheres, cardiovascular risk
factors levels tended to be higher in winter and lower in
summer months [17].

Results of the detailed statistical analysis of the monthly
average mortality on the reasons for cardiovascular diseases
in Thilisi into 1980-1992 and 2012-2013 are represented
below. Together with this the scale of the levels of mortal-
ity is proposed.

Material and methods. In the work the data of the all
Civil Registry Offices of Tbilisi city about the daily CVD
mortality of the city population into the period from 1980
through 1992 and data of the National Statistics Office of
Georgia “GEOSTAT” about the general annual mortality
and monthly mortality in Tbilisi from diseases of the system
ofblood circulation, sharp myocardial infarction and stroke
(CVD’) into the period from 1980 to 1992 and from 2012
through 2013 were used. The analysis of data with the aid
of the methods of the correlation and regression analysis
of stationary and non-stationary time-series of observa-
tions was conducted [8,10]. The following designations
besides intelligible will be used below: M and M’ — mean
monthly decade mortality from the CVD and CVD’ in
Thilisi for 1 million inhabitants in 1980-1992 and 2012-
2013 accordingly; Range — variation scope (Max — Min);
Range/Mean — relative variation scope (%), ¢ - standard
deviation; o _ - standard error (68% - confidence interval of
mean values); C = 100-6/Mean - coefficient of variation
(%); A - coefficient of skewness; K - coefficient of kurto-
sis; R - coefficient of linear correlation; R?— coefficient of
determination; R —Spearman’s rank correlation coefficient;
R, —Kendall’s rank correlation coefficient; R - autocorrela-
tion coefficient; K - Durbin-Watson statistic; 95%(+/-)
- £95% confidential interval; 6 (R ), C (R) and 95%(+/-,
R)) - values of 6, C and 95%(+/-) taking into account
value of autocorrelation coefficient with a Lag = 1 month
[9]; a - the two-sided level of significance; x — number of
month (1,2...156, or 0, 0,52...81,16 radian). The variable
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curve (or trend) of M and M’ changeability in time was
determined by the optimum selection of the regression
equation of the dependence of real data on time and the
Durbin-Watson statistic value for the residuals (optimum
combination values of R*and K ). It was assumed that
the variable + background component = the values of real
variable curve - minimum of the absolute value of residu-
als; random components = value of residuals + minimum
absolute value of residuals. As a result: Real data = (vari-
able + background) + random components.

about statistical structure of mean monthly decade mortality
for reasons of cardiovascular diseases in Tbilisi in 1980-
1992 are given. As follows from this table the values of
M varies from 69,0 to 167,8; mean value is 106,1; median
- 104,8; standard deviation - 19,0; coefficient of variation
17,9%; confidential interval — 3,0; the relative variation
scope is 93,1%.Coefficient of skewness is 0,30 and co-
efficient of kurtosis is -0,29. The absolute values of the
calculated coefficients of A and K are less than the trebled
theoretical value of their standard deviations. Accordingly
in general set of function of distribution of M should be
close to normal. The intra-annual changeability of M in
Thilisi as in the works [6,8,10] has classical form — min.
in summer and max. in winter. The non-randomness char-
acteristic of time series of M in the right upper and lower
parts of Table 1 are submitted. The value of autocorrelation
coefficient with a Lag=1 month is 0,59. This two almost in-
creases value of standard deviation and accordingly values
of confidential interval and coefficient of variation of M

(37,3; 5,9 and 35,2%) in comparison with calculations for
the standard statistics (Table 1). The mean value of variable
+background component of M is 72,6; the minimal value -
54,0; maximal - 91,2; standard deviation - 13,4. A share of
the mean values of the component of variable+background
from the mean value of real data of M constitute 68,4%.
The mean value of random component of M is 33,5; the
maximal -77,6; standard deviation - 13,4. The value of
autocorrelation coefficient with a Lag=1 month is 0,36.
This approximately to 46% increases values of standard
deviation and coefficient of variation of random component
of M accordingly (19,5 and 58,2%) in comparison with the
calculations for the standard statistics (Table 1).

In Table 2 repetition of values of M at different months of
year on the different levels of mortality are presented. The
levels of mortality were established as follows: Moderate
= mean+o/2; Lowered = from mean — 3/26 to mean - ¢ /2;
Low = < mean — 3/20; Increased = from mean + ¢ /2 to
mean + 3/2c; High = from mean + 3/2¢6 to mean + 5/2c;
Extreme = >mean + 5/26. In comparison with the data of
table 1 the following rounding’s for the convenience are
made: mean = 105 and ¢ = 20.

As it follows from Table 2 at different months of year the
following levels of mortality are not observed: Low — from
January to June and from October to December; Lowered
—in February and March; Increased — from June to August;
High — from April to November; Extreme - from February
to December. In the warm half-year (April-September)

Table 1. The statistical structure of mean monthly decade mortality
for reasons the cardiovascular diseases in Tbilisi in 1980-1992

Parameter Value Parameter Value Parameter Value
The statistical analysis - (o) R <0,001

Mean 106,1 ) 19,0 R with month No sign.

Min 69,0 G, 1,5 R, No sign.

Max 167,8 A 0,30 R No sign.
Range 98,8 K -0,29 R, Lag 1 0,59
Median 104,8 Count 156 o (Ra) 37,3
Mode 136,3 95%(+/-) 3,0 95%(+/-,R)) 5,9
Range/Mean (%) 93,1 C, % 17,9 C(R), % 35,2

Variable + background:
M =72,59+17,61-cos(x)+6,72-sin(x)
R? 0,50 Mean 72,6 Range/ Mean (%) 51,3
(a) R? 0,001 Min 54,0 o] 13,4
Ko 1,19 Max 91,2 C, (%) 18,4
(o) Ky <0,01 Range 37,2 Share from real data (%) 68,4
Random components
Mean 33,5 C, (%) 40,1 C(R), % 58,2
Max 77,6 R,Lag1 0,36 Range/ Mean (%) 231,4
c 13,4 o (R, 19,5 Share from real data (%) 31,6
© GMN 55



predominantly the tendency toward the reduction (24,36%
with Moderate = 20,51% and Increased = 5,13% only),
while into the cold (November-March) - to an increase
in the mortality (25,64% with Moderate = 17,95% and
Lowered = 6,41% only) is observed.
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Fig. 1. Intra-annual changeability of mean monthly decade
mortality from the cardiovascular diseases in Thilisi into
1980-1992
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Fig. 2. Changeability of mean monthly decade mortality from
the cardiovascular diseases in Thilisi into 1980-1992
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In Table 3 and Fig. 3 data about statistical structure of
mean monthly decade mortality for reasons of CVD’
in Thbilisi in 2012-2013 are given. As follows from this
table the values of M’ varies from 61,5 to 125,2; mean
value is 82,3; median - 78,2; standard deviation - 16,1;
coefficient of variation 19,5 %; confidential interval —
6,4; the relative variation scope is 77,4 %.Coefficient
of skewness is 1,1 and coefficient of kurtosis is 0,9.
The absolute values of the calculated coefficients of A
and K are less than the trebled theoretical value of their
standard deviations. Accordingly in general set of func-
tion of distribution of M should be close to normal. The
intra-annual changeability of M’ in Tbilisi as the M has
min. in summer and max. in winter. The non-randomness
characteristic of time series of M’ in the right upper
and lower parts of table 3 are submitted. The value of
autocorrelation coefficient with a Lag=1 month is 0,71.
This almost into two and one-half of time increases
value of standard deviation and accordingly values of
confidential interval and coefficient of variation of M’
(39,1; 15,6 and 47,5 %) in comparison with calculations
for the standard statistics (table 3). The mean value of
variable +background component of M’ is 60,5; the
minimal value - 43,6; maximal - 77,3; standard devia-
tion - 12,2. A share of the mean values of the component
of variabletbackground from the mean value of real
data of M’ constitute 73,4%. The mean value of random
component of M’ is 21,9; the maximal -47,9; standard
deviation - 10,4. The value of autocorrelation coefficient
with a Lag =1 month is 0,54. This approximately to 84%
increases values of standard deviation and coefficient of
variation of random component of M’ accordingly (19,1
and 87,3%) in comparison with the calculations for the
standard statistics (Table 3).

Table 2. Repetition of mean monthly decade mortality from the cardiovascular diseases in Tbilisi

to 1 million inhabitants in different months of year on the different levels of mortality (%)

Month Low Lowered Moderate Increased High Extreme

<75 >75-95 >95-115 >115-135 >135-155 >155

January 0 0,64 1,92 2,56 2,56 0,64
February 0 0 1,92 4,49 1,92 0
March 0 0 3,21 3,21 1,92 0
April 0 1,28 5,13 1,92 0 0
May 0 1,28 4,49 2,56 0 0
June 0 4,49 3,85 0 0 0
July 1,28 4,49 2,56 0 0 0
August 1,28 5,13 1,92 0 0 0
September 0,64 4,49 2,56 0,64 0 0
October 0 2,56 5,13 0,64 0 0
November 0 1,28 3,85 3,21 0 0
December 0 1,92 1,92 3,85 0,64 0

Warm period 3,21 21,15 20,51 5,13 0,00 0,00

Cold period 0,00 6,41 17,95 17,95 7,05 0,64

Year 3,21 27,56 38,46 23,08 7,05 0,64
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Table 3. The statistical structure of mean monthly decade mortality for reasons the CVD’in Tbilisi in 2012-2013

Parameter Value | Parameter Value | Parameter Value
The statistical analysis - (o) R, <0,001
Mean 82,3 c 16,1 R with month -0,63
Min 61,5 G 33 R, -0,42
Max 125,2 A 1,1 R -0,57
Range 63,8 K 0,9 R,Lagl 0,71
Median 78,2 Count 24 6 (R) 39,1
Mode 90,6 95%(+/-) 6,4 95%(+/-,R)) 15,6
Range/Mean (%) 77,4 C,% 19,5 C(R), % 47,5
Variable + background:
M = 82,35+ 13,78-cos(x)+ 9,83-sin(x)
R? 0,58 Mean 60,5 Range/ Mean (%) 55,7
(o) R? 0,001 Min 43,6 c 12,2
K.y 0,80 Max 77,3 C, (%) 20,2
(o) Ky <0,01 Range 33,7 Share from real data (%) 73,4
Random components
Mean 21,9 C (%) 47,7 C(R), % 87,3
Max 47,9 R, Lagl 0,54 Range/ Mean (%) 218,8
c 10,4 6 (R, 19,1 Share from real data (%) 26,6
140 compose 133, which in the correspondence with table 2
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Fig. 3 Changeability of mean monthly decade mortality
from the CVD’in Tbilisi into 2012-2013

As it follows from Tables 2 and 3 average annual decade
mortality M’ in 2012-2013 (82,3) is lower than the values
M (106,1) in 1980-1992. However, the general average an-
nual decade mortality for 1 million inhabitants in Tbilisi in
2012-2013 in comparison with 1980-1992 grew by 25,3%
(297 and 237 respectively). This can be explained by the
imperfection of the statistical information of the last years.
Nevertheless, the general nature of the monthly change-
ability of mortality into both periods of time is sufficiently
similar. In particular, variable components of values M and
M ¢ are described by similar trigonometric equation. A share
of the average values of variable + background components
into both periods of time differs little from each other
(68,4% and 73,4% respectively into 1980-1992 and 2012-
2013). This is the index of that, the contribution of random
meteorological and geophysical factors to the changeability
of mortality into both periods of time remained approxi-
mately identical. If one assumes that the real values M’ into
2012-2013 increased proportional to the general mortality
(by 25,3%), then during this period of time its value must
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Conclusions. Mean monthly mortality from the cardio-
vascular diseases in Tbilisi as in other cities of different
countries has clearly expressed seasonal behavior, de-
scribed by trigonometric equation. Together with this in
the changeability of mortality besides the air temperature
variations of the random components of those depending on
the action of different meteorological, social and other fac-
tors of irregular or quasi-regular nature play significant role.
Subsequently we plan to conduct the analogous analysis of
the statistic structure of decade and daily cardiovascular
mortality, which will make possible more correct estima-
tions of the contribution of different indicated environ-
mental factors on her changeability with different scales
of averaging. The indicated studies have retrospective
nature however they will be highly useful for conducting
the comparative analysis with the contemporary reasons
for the changeability of cardiovascular mortality.
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SUMMARY

THE MONTHLY VARIATIONS IN MORTALITY
FROM THE CARDIOVASCULAR DISEASES IN
TBILISI

'Amiranashvili A., 'Chargazia Kh.,
!Chikhladze V., *Japaridze N., ’Khazaradze K.

'M. Nodia Institute of Geophysics; *Ministry of Labor,
Health and Social Affair of Georgia, Georgian State
Teaching University of Physical Education and Sport,
Tbilisi, Georgia

Results of the detailed statistical analysis of the monthly
average decade mortality on the reasons for cardiovascu-
lar diseases in Tbilisi into 1980-1992 and 2012-2013 are
represented. Variable +background and random component
of time-series of mortality are determined. A share of the
mean values of the component of variable +background
from the mean value of real data of mortality constitute
68,4 % in 1980-1992 and 73,4 % in 2012-2013. Variations
of the random component and their contribution to the real
values of mortality (31,6 % in 1980-1992 and 26,6 % in
2012-2013) besides the air temperature can depend on many
others meteorological, geophysical, social and so forth of
factors. The scale of the six levels of cardiovascular mortal-
ity is proposed. In different months of year the indicated
levels of mortality are various.

Keywords: health security, cardiovascular mortality, sta-
tistical models of monthly cardiovascular mortality.

PE3IOME

MECAYHBIE BAPUAIIU CMEPTHOCTH OT
CEPIEYHO-COCYIMCTHIX 3ABOJIEBAHUI B
TBUJINCH

'AmupanamBuian AL, 'Yaprazus X.3., 'Yuxaanze B.A.,
akanapuasze H. /., *Xa3zapanze K.P.

'Hnemumym 2eopusuxu um. M. Hooua,; >Munucmepcmeo
mpyoa, 30pagooxpanenus u coyuanvhotl sauumsi I pysuu,
Yuebnwiii uncmumym guszuuecrkoeo obpazoeanus u cnopma,
Tounucu, I'pyszus

IIpencraBieHsl pe3ybTaThl JETaIbHOTO CTATUCTHYECKOTO
aHaJIN3a CPEAHEMECIYHON IeKaIHOW CMEPTHOCTH 110 IIpH-
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YHHAM CEPJICYHO-COCYIUCTBIX 3a00neBanuii B TOmmcH 3a
1980-1992 1 2012-2013 rr. OnpenesneHsl nepeMeHHas+(poH
U CiTyyaiiHasi KOMIIOHEHTbI BpEMEHHBIX PsIJI0B CMEPTHOCTH.
Jouist cpeiHero 3Ha4eHUs] KOMITIOHEHTBI ITepeMeHHas+oH
OT CpeJHE BEMUNHBI pEaIbHBIX JaHHBIX O CMEPTHOCTH
coctapnsier 68,4% B 1980-1992 rr. u 73,4% - B 2012-
2013 rr. I3meHeHwust crydaifHOM KOMIIOHEHTHI U €€ BKJ1a/1a

B peasbHble 3HaueHus cMepTHOCTH (31,6% B 1980-1992 T,
1 26,6 % B2012-2013 rr.) moMUMO TEMIIEPATYPhI BO31yXa
MOTYT 3aBUCETh OT MHOTHX JPYT'HX METEOPOIOTHIECKHUX,
reo(pU3UUCCKUX U COIMaIbHBIX U (hakTopoB. [Ipeanoxena
IIKaJa CepACIHO-COCYTUCTON CMEPTHOCTH, COCTOAIIAs U3
LIECTU YpOBHEH. B pa3inuuHble MecsLbl rofa yKa3aHHbIE
YPOBHH CMEPTHOCTH pa3lUYHbIC.

Agboydy

390-Lolbends@mgms 553509300 03300 056md0l ymggemgodo go®mosz30960 mdogroli'do

's. 580@5659g000, 'b. oy sbos, 'g. hobansdy, 26. woggs®ody, 2. bobodady

3. bmosl a9mx0bogols 0bLGEYH; 2bods@mggeml d@mdols,
xobdOmgenmdolis s bmEos@ydo ©ogol LadobolG®m;
bododmggerml gobojydo s@b@Eols
©s B3m®EolL Lobgerdfogm Lslfsgam 9boggdlodgdo, mdogobo, bsds@mggerm

b5dOmddo [o@mdmpagbogos J. mdoaoldo
3@-Lolbamds@@gms ©osgsgdom  Lodygsmm
gmgge-mgog®o  Loggoomosbmdols LEsGoli@o-
3900 sbagobol dggygdo 1980-1992 s 2012-2013
Fargddo. aoblobmgdymos @Egmosotgmbo ©s
boggeogosbmdols wOmomo @Goaols dgdmbgggomo
3M33mbgbBgdo. (33Eo@otambo 3md3mbgbBols Lo-
‘oo 3b0dgbganmdols Foano Loggwomosbmdbols
dohggbgdgando dgopagbl 68,4% (1980-1992 §F.) ws
73,4% (2012-2013 §F.); dgdmbgggomo  3md3mbgb@ols

3gsoggds s dolbo Fgaomo Loggoomosbmdols
O gogy@ dbodgbgeomdsdo - 31,6% (1980-1992 §F.),
26,6% (2012-2013 ¢F.), dogdols @g9d3g@o@ycols
3o0s dgodagds @sdm3owgdymo ogml IGsgom
396 9mOm@Mmy0g®, 29m580bogy®, LmEosmy®  ©s
bbgo goBmaby. dgdmmsgsbgdyeos aoeo-loliben-
doMmmgms  osgoegdom  Loggomosbmbol  igogs,
Gmdgenoi goagds 9dabo @mbolysh. §gmofswols
bbgowslbgs mgobmgols boggoogosbmdols s@bo‘d-
byyano wmbggdo goblibgsggdyaos.

© GMN

59


COMP
Rectangle




