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INFLUENCE OF SEISMOLOGICAL ACTIVITY IN GUBA REGION OF AZERBAIJAN
ON MORTALITY FROM CARDIOVASCULAR PATHOLOGIES
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The purpose of the study was to access the dependence of mortality from cardiovascular diseases on helioseismic
indicators in the Guba region of Azerbaijan. To analyze the fatal outcomes of diseases in the Guba region, 653 case histories of
patients who died in 2013 from various diseases were studied. The causes of deaths, distribution by sex and age, and a relationship
between death accidents and the magnitude of earthquakes, the depth of the epicenter and seismological activity by months were
established. The largest percentage of patients died from heart failure 44.9 %, then from acute coronary syndrome (22.1 %), from
acute cerebrovascular accident (19.1 %) and from hypertensive crisis (2.9 %). The maximum number of deaths was at a magnitude
of 1.1-2.0 ml (34.8 %). Depending on the depth of earthquakes, the maximum number of deaths was at the process depth less than
10 km (34.2 %). Thus, the study of seismological activity makes it possible to assess environmental and emergency situations with
a high probability, to provide for preventive measures.

Keywords: acute coronary syndrome, cerebral stroke, hypertensive crisis, earthquake, magnitude

JL.I. EdenaieBa

BIL/IUB CEMCMOJIOITYHOI AKTUBHOCTI ¥ I'YBIHCBKOMY PAMOHI )
ABEPBAUKAHY HA CMEPTHICTbD Bl KAPAIOBACKYJ/ISIPHOI ITATOJIOI'TI

Mertoro nocmikeHHsT OyJI0 BUBUMTH 3aJI€KHICTH CMEPTHOCTI BiJl CEPLIEBO-CYJUHHUX 3aXBOPIOBAHB BiJl TelioceHCMIYHIX
noka3HUKiB y ['yOnHCEKOMY paiioHi A3epOaiipkany. J[iis aHatizy JeTanbHuX HaciiKiB XxBopoO y ['yOrHCEKOMY palioHi BUBYEHO 653
icTopii XBopoOu XBOpHX, siki momepiu y 2013 pomni Bij pi3HHX 3aXBOpIOBaHb. BcTaHOBIEHO IpHYMHY 3arubedi, po3Ioii 3a CTaTTIO
Ta BIKOM, a TaKOXX 3B'I30K MK CMEPTEIEHIMH BUIIAIKaMH Ta MarHIiTyI0I0 3eMJIETPYCIB, TIIMOWHOIO EMIIEHTPY Ta CEHCMOIOTTYHOIO
aKTHBHICTIO 3a Micsisamu. Haiibinbie XxBopux momepio Bin cepueBoi HemoctatHOCTI 44,9 %; MOTIM, Bil TOCTPOrO KOPOHAPHOTO
cuaapomy (22,1 %), Bix TocTporo MopymeHHs: MO3KoBOro kpoBoodiry (19,1 %) i rineproniunoro kpusy (2,9 %). Makcumanbsaa
KUTBKIiCTB cMepTelt Oyna mpu MarHiTy Al 1,1-2,0 mit (34,8 %). 3anexHo Bif IMONHN 3eMIIeTpyCiB, MAaKCUMaJIbHA KUTBKICTB 3aTHOJIIX
Oyna 3a rmbunu npouecy meHme 10 kM (34,2 %). Takum 4MHOM, BUBUCHHS CEHCMOJIOTIYHOT aKTUBHOCTI J03BOJISIE 3 BHCOKOKO
HMOBIPHICTIO OLIHIOBATH €KOJIOTIUHI Ta HaA3BUYalHI CUTYyail, mepeadadaTy mpopiIakTHIHI 3aX0IH.

KurouoBi cj10Ba: rocTpuii KOpOHapHUI CHHIPOM, MO3KOBHH 1HCYIBT, TIIEPTOHIYHUI KPHU3, 3eMIIETPYC, MaTHITYIa.

Cardiovascular diseases (CVD), being, first of all, an indicator of uncomfortable living conditions
for people of various age groups, reduce the quality of life, labor productivity, are accompanied by
economic losses due to early disability [1, 4, 9].

So far, isolated seismopathological studies have been carried out in cardiology, which has made it
possible to assess the influence of the seasons of the year, some solar activity factors, and geomagnetic
disturbances on the mortality rates of the population from myocardial infarction (MI) and cerebral strokes
(CS) [5, 12]. At the same time, there is no bioindicative methodology for organizing observations of the
features of the impact on the health of the population, methods for predicting the states of seismic lability,
as well as the degree of risk of complications of cardiovascular diseases, depending on the ecological
characteristics of the region of residence [6, 14, 15].

There are several unresolved issues in applied seismopathology, including identifying the
meanings of “medical” types of ecology, their geographical mapping, and the role of seismological and
geophysical characteristics in shaping the life environment of patients with cardiovascular diseases. So, for
example, myocardial infarctions that occur on days of geomagnetic disturbances are more severe and can
be fatal [4, 8, 10].
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As is known, the territory of Azerbaijan and the adjacent water area of the Caspian Sea are
seismically active regions, and significant earthquakes occur here from time to time. This dictates the need
to assess the state of morbidity and mortality according to CVD in various regions of the country and its
relationship with individual indicators of earthquakes to identify characteristic patterns.

The purpose of the study was to assess the dependence of mortality from cardiovascular diseases
on helioseismic indicators in the Guba region of Azerbaijan.

Materials and research methods. In 2013, seismological information was received from 35
telemetry stations, which included an overview of the seismic regime of the republic, the distribution of
seismic waves, the dynamics of seismic processes, the intensity of the earthquake, the magnitude, etc. Also,
at 9 geophysical and 5 geochemical stations, the strength of the geomagnetic field and the force of attraction
were studied.

To analyze the fatal outcomes of diseases in the Guba region, 653 case histories of patients who
died in 2013 from various diseases were studied. The causes of deaths, distribution by sex and age, and a
relationship between death accidents and the magnitude of earthquakes, the depth of the epicenter and
seismological activity by months were established. The obtained data were statistically processed using the
Statistica 12.0 for Windows application package (Statsoft Inc., USA). The Kruskal-Wallis analysis of
variance was used to compare three or more samples, the results were considered significant at p<0.05.

Results of the study and their discussion. Of the 653 case histories in the Guba region, 308
patients were men (47.2 %) and 345 were women (52.8 %). Comparative analysis showed that among men
42.5 % died from acute heart failure, 28.2 % from acute coronary syndrome, 16.2 % from acute
cerebrovascular accident and 2.9 % from hypertensive crisis. Among women, 47.0 % also died from heart
failure, 16.5 % from acute cerebrovascular accident and 21.7 % from acute coronary syndrome, and 2.9 %
from hypertensive crisis. Depending on the nosology, the largest percentage of patients died from heart
failure 44.9 %, 22.1 % from acute coronary syndrome, 19.1 % from acute cerebrovascular accident and
2.9 % from hypertensive crisis. Data on the distribution of patients by age, gender, nosological and seasonal
characteristics are presented in table 1.

Table 1
Distribution of patients by age, gender, nosological and seasonal (month of death) characteristics
Sex
Male Female
Abs. number % Abs. number %
Diseases Hypertensive crisis 9 2.9 10 2.9
Acute cerebrovascular accident 50 16.2 75 21.7
Acute coronary syndrome 87 28.2 57 16.5
Acute heart failure 131 42.5 162 47.0
Others 31 10.1 41 11.9
Months January 34 11.0 37 10.7
February 24 7.8 35 10.1
March 24 7.8 26 7.5
April 19 6.2 33 9.6
May 29 9.4 31 9.0
June 29 9.4 25 7.2
July 21 6.8 27 7.8
August 30 9.7 24 7.0
September 25 8.1 25 7.2
October 31 10.1 27 7.8
November 18 5.8 28 8.1
December 24 7.8 27 7.8
Age 0-9 1 0.3 1 0.3
10-19 0 0.0 1 0.3
20-29 0 0.0 0 0.0
30-39 7 2.3 2 0.6
4049 16 5.2 10 2.9
50-59 50 16.2 21 6.1
60—-69 43 14.0 21 6.1
70-79 99 32.1 100 29.0
80-89 81 26.3 155 44.9
90-99 11 3.6 31 9.0
>=100 0 0.0 3 0.9
Earthquakes Absence 92 29.9 107 31.0
Presence 216 70.1 238 69.0
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Depending on the months, the largest percentage of deaths was in January 10.9 %, minimum — in
September and March (7.7 %). Statistically, in a comparative analysis, on the days of earthquakes for all
months there were more deaths than on quiet days, in particular, the most were in May 83.3 %, August
85.2 % and December 86.3 %. Further 75.0 % in July and April and 70.4 % in January. It is also statistically
significant that in all months of the year there were more deaths from heart failure.

In the age range, a largest percentage (36.1 %) is in 80-89 years old, in the others age groups: 70—
79 years old —30.5 %, 50-59 years old — 10.9 %, 60—69 years old 9.8 %. In gender features, 77.8 % of men
and 22.2 % of women died from the age of 30-39 years, 70.4 % of men and 29.6 % of women aged 40—
49, and 70.4 % of 50-59 years men and 29.6 % of women, 60—69 years old 67.2 % of men and 32.8 % of
women, and after 7079 years more women 50.3 % and men 49.7 % died, 80—89 years of women 65.7 %
and 34.3 % men.

In a comparative analysis among men, more died at the age of 70-79 32.1 %, further 80-89 26.3 %,
50-59 16.2 %, 60-69 14.0 %, further as they decrease. Among women, it is more at 80—89 years 44.9 %,
70-79 29.0 %, the same (6.1 %) — in age groups 50-59 and 60—69.

At the age of 30-39 years, 66.7 % died from acute coronary syndrome, 22.2 % — from acute heart
failure. Among 40-49 years old patients 34.2 % died from acute coronary syndrome, 23.1 % — from
acute heart failure, 19.2 % — from acute cerebrovascular accident and 3.8 % — from hypertensive crisis.
At the age of 5059 years, 38.0 % of patients died from acute heart failure, 25.4 % — from acute coronary
syndrome, 18.3 % — from acute cerebrovascular accident and 7.0 % — from hypertensive crisis. 60—69
years old persons most of all died from heart failure 37.5 %, 28.1 % — from acute coronary syndrome,
18.8 % — from acute cerebrovascular accident and 1.6 % — from hypertensive crisis. 70-79 years from
heart failure 47.7 %, from acute heart failure 21.6 % and 16.1 % from acute coronary syndrome and 3 %
from hypertensive crisis. Among 80-89 years old patients from heart failure died 49.2 %, 22.5 % from
acute coronary syndrome, 16.9 % from acute cerebrovascular accident and 2.5 % from hypertensive
crisis.

In all age groups, more people died on earthquake days than on quiet days. In particular, at the age
of 4049 years 69.2 % and 30.8 %, 50-59 years old 64.8 % and 35.2 %, 60—69 years old 65.6 % and
34.4 %, 70-79 years old 66.8 % and 33.2 % and 80-89 years old 73.3 % and 26.7 %.

When distributing deaths by age and nosology of the disease, it was determined that in hypertensive
crisis the same number of deaths (31.6 %) were registered at the age of 70—79 years and 80-89 years, at
the age of 50-59 years it was 26.3 %, at the age of 40—49 years and 60—69 years — 5.3 %. From acute
cerebrovascular accident, a greater number of deaths (34.4 %) was at the age of 70—79 years, further were
data of 80—89 years old patients 32.0 %, at 50-59 years 10.4 %. 36.8 % died from acute coronary syndrome
at the age of 80—89, 22.2 % at the age of 70-79, 12.5 % at the age of 50-59 and 60-69. The data of death
rate from heart failure were as following: at the age of 80-89 years — 39.6 %, 70-79 years — 39.4 %, 50—
59 years — 9.2 %.

The study also studied deaths on the days of earthquakes and without them, so 30.5 % died in the
absence, 69.5 % on the days of earthquakes. Depending on the nosology of deaths on days and in the
absence of earthquakes, the following results were statistically significantly obtained: 78.9 % died from a
hypertensive crisis on the days of earthquakes, and in the absence of 21.1 %, from acute cerebrovascular
accident, respectively, 68.0 % and 32.0 %, from acute coronary syndrome 67.4 % and 32.6 %, respectively,
from acute heart failure 70.6 % and 29.4 %, respectively.

Depending on the depth of the seismic process, a largest number of deaths was when the depth of
the process was less than 10 km (34.2 %), at 11-20 km was 12.4 %, at 31-40 km was 8.1 % and at 21-30
km was 6.1 %.

In a comparative analysis of deaths and magnitude, a large percentage of deaths was with a low
magnitude: with 0.1-1.0 ml (24.5 %) and 1.1-2.0 ml (34.8 %). The other magnitudes were characterized
by less numbers of patient deaths: 2.1-3.0 ml — 8.1 % and 3.1-4.0 ml — 1.7 %. With a magnitude of
earthquakes 1.1-2.0 ml, more women died — 54.2 %, men — 45.8 %, with 2.1-3.0 — 49.1 % and 50.9 % and
3.1-4.0 — 54.5 % and 45.5 %.

With a magnitude of 0.1-1.0 ml more patients (42.5 %) died at the age of 80—-89 years and at the
age of 70-79 years (24.4 %). Further, 11.3 % at 50-59 years, 10.0 % at 60—69 years. With a process
magnitude of 1.1-2.0 ml, 70-79 years old — 34.4 %, 80—89 years old — 33.9 %, 60—69 years old — 9.3 %.
With a magnitude of 2.1-3.0 ml, 80—89 years old is 39.6 % and 70-79 years old is 26.4 %. With a
magnitude of 3.1-4.0 ml, the maximum was 80—89 years old —45.5 % and 50-59 years old — 18.2 %. With
a magnitude greater than 4.0 ml, 80—89 years old 66.7 % and 7079 years old 33.3 %. As can be seen from
the results, more deaths are distributed at low magnitudes.
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In a comparative analysis of the magnitude and nosology, with a magnitude of 0.1-1.0 ml more
died from heart failure —46.3 %, 18.8 % from acute coronary syndrome, 18.1 % from acute cerebrovascular
accident and 3.1 % from hypertensive crisis. With a magnitude of 1.1-2.0 ml, 46.7 % died from heart
failure, 20.7 % from acute coronary syndrome, 20.3 % from acute cerebrovascular accident and 4.0 % from
hypertensive crisis. With a magnitude of 2.1-3.0 ml, 45.3 % died from heart failure, 26.4 % from acute
coronary syndrome, 13.2 % from acute cerebrovascular accident and 1.9 % from hypertensive crisis. With
a magnitude of 3.1-4.0 ml, the maximum deaths were 54.5 % from acute coronary syndrome, 18.2 % from
heart failure, 9.1% from acute cerebrovascular accident. With a magnitude higher than 4, 66.7 % were from
acute cerebrovascular accident and 33.3 % from acute heart failure.

We also studied the dependence of the depth of the seismic process on gender differences, the age
of patients and the nosology of the disease.

At a process depth of less than 10 km, 56.1 % of women and 43.9 % of men died; at a process
depth of 11-20 km, 54.3 % of men and 45.7 % of women died. At a depth of 21-30 km 52.5 % of women
and 47.5 % of men, at 31-40 km 58.5 % of women and 41.5 % of men, at a depth of more than 40 km
42.1 % of women and 57.9 % of men.

With a process depth of less than 10 km, maximum death rate was at the age of 80—89 years
(41.3 %), minimum — in the 40—49 years group (5.8 %). At 11-20 km process 32.1 % of patients died both
in the 80-89 and 70-79 years groups. At a depth of 21-30 km, maximum death rate was at the age of 70—
79 years old (45.0 %), at a depth of 3140 km — in the same age group — 70-79 years (41.5 %). With a
seismic process depth of more than 40 km, 80—89 years old — 36.8 %, 70-79 years old — 22.8 %, 50-59
and 60-69 years old — 12.3 %.

Depending on the nosology, at a depth of less than 10 km more deaths were from acute heart failure
(41.7 %), from acute coronary syndrome 23.3 %, from acute cerebrovascular accident 18.8 % and from
hypertensive crisis 4.5 %. At a depth of 11-20 km, 46.9 % died of heart failure, 21.0 % of acute
cerebrovascular accident, 17.3 % of acute coronary syndrome, and 2.5 % of hypertensive crisis. At a depth
of 21-30 km from acute heart failure — 60.0 %, from acute cerebrovascular accident — 22.5 %, from acute
coronary syndrome — 10.0 %. At a depth of 31-40 km from acute heart failure — 49.1 %, from acute
coronary syndrome — 26.4 %, from acute cerebrovascular accident — 15.1 %. At a depth of more than 40
km from acute heart failure — 45.6 %, from acute coronary syndrome — 22.8 %, from acute cerebrovascular
accident — 15.8 %. As can be seen in all processes, the largest percentage of deaths was in all seismic
processes from heart failure.

When analyzing all the studied indicators on the days of earthquakes, a larger percentage of deaths
compared to other groups was from heart failure — 45.6 %, further — from acute coronary syndrome —
21.4 %, from acute cerebrovascular accident — 18.7 % and from hypertensive crisis — 3.3 %. During the
absence of earthquakes, 43.2 % died from heart failure, 23.6 % from acute coronary syndrome, 21.1 %
from acute cerebrovascular accident and 2.0 % from hypertensive crisis.

We also studied the influence of the magnetic field on the mortality of the population. No serious
fluctuations depending on gender were found, 308 men died at a voltage of 49679 T, and 345 women at a
voltage of 49678 T. Depending on age magnetic activity did not statistically significantly differ from the
initial ones: a greater number of deaths (236) were with a magnitude of 49678 T at the age of 80—89 years,
then, 199 people at the age of 70-79 years with a magnitude 49677 T, 71 people 50-59 years old — 49679
Tl, 64 people 60—69 years old — 49681 TI.

Depending on the nosology, 293 people died from heart failure with a magnitude of 49680 T, 144
people — from acute coronary syndrome with a magnitude of 49675 T, 125 people — from acute
cerebrovascular accident of 49675 T and 19 — from hypertensive crisis with a magnitude of 49671 T.

Our study revealed exacerbation of CVD in patient, depending on characteristics of earthquakes in
Guba region of Republic of Azerbaijan. These results are very useful to find out the mechanisms of human
reaction on seismic activity. The largest number of deaths was noted in our patients at the age of 80—89
from the heart failure. The similar results we found in Nakamura A, et al work. So, authors revealed that
the incidence and in-hospital mortality rate of heart failure increased after the Great East Japan Earthquake
(2011) [3, 11].

Some researchers, in addition to the relationships we studied, pointed to the influence of additional
factors, in particular, the time of the earthquake. So, comparing the earthquake in Loma Prieta (1989),
which occurred at 17:04, and another earthquake in Los Angeles (1994), which occurred at 4:31 am, the
authors found an increase in the frequency of AMI by 110 % in the second case. They believed that the
reason for this is an additional stress factor. But in this study the dependence of CVD mortality on age,
magnitude of earthquake and other important factors was not studied [4].
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According to our results increase of death rate occurred in short time after earthquake. It is
interesting fact that Huang K, et al, by evaluation of 19,083 hospitalizations after the 2008 Sichuan
earthquake showed a significantly lower (27.81 %, P<0.001) number and cost (32.53 %, P<0.001) of
hospitalizations of patients related to ischemic heart disease, in the 60 days after the earthquake, but in the
5 years after the earthquake, the age-adjusted annual incidence of hospitalization increased significantly
(P<0.001) [7].

We also evaluated impact of magnitude on death cases number, and according to our results
maximum was in low magnitude (1.1-2.0 ml). But the population-based study (2010-2011) of Tanaka F.
et al. suggests that the increase in AMI events after a major earthquake varies depending on the seismic
scale of the initial shock and each aftershock. The authors revealed that incidence of AMI was positively
correlated with the seismic scale of the earthquake (r=0.75, P<0.01) [13]. In our study the results were
opposite, and we supposed that it might be related to effect of age, nosological features (the greatest
percentage in our study was from heart failure 46.3 %)

% -

1. The largest percentage of patients died from heart failure 44.9 %, then from acute coronary
syndrome (22.1 %), from acute cerebrovascular accident (19.1 %) and from hypertensive crisis (2.9 %).

2. The maximum number of deaths was at a magnitude of 1.1-2.0 ml (34.8 %)).

3. Depending on the depth of earthquakes, the maximum number of deaths was at the process depth
less than 10 km (34.2 %)
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