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With the purpose to examine the influence of geophysical and seismic parameters in unstable regions of Azerbaijan on
mortality rates from cardiovascular pathologies the medical records of 4,043 patients were analyzed. The number of deaths, their
causes, distribution by gender and age were assessed, and a relationship was established with the magnitude of earthquakes, the
depth of the epicenter and seismological activity. Earthquakes with a magnitude of 1.1-2.0 and a depth of less than 10 km,
significantly impacted mortality rates. Individuals with cardiovascular pathologies have a 1.63 times higher risk of death due to an
carthquake compared to those without such pathologies. Persons with cardiovascular diseases have 2.67 times the odds of dying
compared to those without such pathologies. Cardiovascular pathologies account for 5.79 % of the variation in overall mortality
among all causes. These results indicate that cardiovascular pathologies significantly increase the risk of death.
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PIYHUIA CTATI/ICTI/I‘{HI/II\/'I AHAJII3 CMEPTHOCTI BIJI CEPHEBO-CYIMHHUX
3AXBOPIOBAHb Y CEUCMIYHO HECTABIVIBHUX PEI'TOHAX ASEPBAUVKAHA

3 METOI0 BHBUCHHS BIUIMBY T€O(I3MYHHX Ta CEHCMIYHMX MapaMeTpiB y HecTaOlmbHUX perioHax AsepOaiikaHy Ha
MOKa3HUKH CMEPTHOCTI BiJl CepLEBO-CYANHHUX IaToJOTiil Oyno mpoananizoBaHo MenuyHi kaptku 4043 mamientiB. OniHeHo
KIJTBKICTh CMEpTeH, iX NPUYMHM, PO3IOALT 32 CTATTIO Ta BIKOM, BCTAHOBJIEHO 3B'SI30K 3 MAarHITYHOIO 3€MIJICTPYCIB, INIMOWHOIO
CHIEHTPY Ta CEHCMIYHOIO aKTUBHICTIO. 3emiieTpycu MarHitynoro 1,1-2,0 ta mmoOuHo MeHme 10 KM CyTTEBO BIUIMHYIM Ha
MOKa3HUKU CMEPTHOCTI. Y 0¢i0 i3 cepiieBO-CyIMHHIMH MATOJIOTiSIMU PU3UK CMEPTI Bifl 3eMiieTpycy B 1,63 pasu BUILUiL, HIX Y 0Ci0
0e3 TakuX MmaToJIoTii. ¥ ocib i3 cepleBo-CyJMHHUMH 3aXBOPIOBAaHHAMU IIAHCH NOMEPTH y 2,67 pa3u BHILI, HIX y 0ci0 6e3 Takux
narosoriid. CeprieBo-CyMHHI TaTOJOTii CTaHOBIATH 5,79 % Bapiamii 3aragpHOi cMEpPTHOCTI cepen ycix mpuanH. Lli pesymbrati
CBIUaTh, 10 CEPIICBO-CYMHHI MATOJIOTI] 3HAYHO 301LIbIIYIOTh PHU3HK CMEPTI.

Kuio4oBi ciioBa: ceprieBo-cyiHHa aTOJOTis, CMEPTHICTb, 3eMJICTPYC, CEHCMIUHI TapaMeTpH.

Republic of Azerbaijan is situated within the central section of the Mediterranean mobile belt,
characterized by significant geological activity due to the dynamics between the Arabian and Eurasian
lithospheric plates [3]. This belt exhibits high seismic activity, active magmatism, mud volcanism,
extensive landslide processes, and notable vertical and horizontal tectonic movements. Considering the fact
that the cardiovascular system is one of the first to react to extreme changes in environmental conditions,
triggering adaptive processes in the form of changes in vascular wall tone, blood rheological properties,
etc., it is undoubtedly of interest to study the relationship between these factors [5, 9, 10].

Currently, the scientific community is focused on evaluating the biological impact of intense
environmental stressors on the human body [7]. Accordingly, conducting research within the Republic of
Azerbaijan to predict ecologically and medically adverse seismic conditions and prevent cardiovascular
diseases is a primary objective of studies in various regions of country [3].

According to a number of studies, myocardial infarctions on days of geomagnetic disturbances are
characterized by a more severe course and can more often have a fatal outcome [4, 6, 8]. However, a
methodology for predicting seismological lability states based on scientific data on the impact of
environmental features of the region of residence on the risk of complications of cardiovascular diseases
has not yet been developed [1, 7].
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The results of this study can contribute to a better understanding of the impact of seismic activity
on human health and aid in the development of appropriate preventive measures. Such research is also
important for enhancing public preparedness for seismic threats.

The purpose of the study was to examine the influence of geophysical and seismic parameters in
unstable regions of Azerbaijan — specifically, variations in the magnetic field, earthquake magnitude, and
depth of seismic processes — on mortality rates from cardiovascular pathologies.

Materials and methods. The materials from the Central Statistical Committee of Azerbaijan were
used in the study, additional studies were conducted at the Department of Internal Diseases of the
Azerbaijan Medical University (AMU) and the Educational and Therapeutic Clinic of the AMU.

In addition, in 2013 the seismological information was received from 35 telemetry stations, which
included an overview of the seismic regime of the Azerbaijan Republic, the propagation of seismic waves,
the dynamics of seismic processes, earthquake intensity, magnitude and other indicators. Based on the
spatial distribution of focal zones identified by weak seismicity and the magnitudes of the maximum
possible earthquakes in them, a seismic hazard map was compiled for the territory of Azerbaijan. The
number of deaths, their causes, distribution by gender and age were assessed, and a relationship was
established with the magnitude of earthquakes, the depth of the epicenter and seismological activity.

To analyze the connection with diseases medical records of 4,043 patients were analyzed, including
2,007 men and 2,036 women. Among these patients, deaths were attributed to the following causes: heart
failure (HF) in 1,353 cases, acute coronary syndrome (ACS) in 1,077 cases, acute cerebrovascular accident
(ACVA) in 1,042 cases, hypertensive crisis (HC) in 430 cases, and other causes (OC) in 141 cases.

To analyze quantitative data, the Kruskal-Wallis test was used, allowing the assessment of
differences between several independent groups. For variance analysis, one-way analysis of variance
(ANOVA) was applied. Risk ratios (RR) and odds ratios (OR) were calculated to determine associations
between the studied variables. To enhance result accuracy and minimize bias, the Effective Inclusion
Function (EIF) was employed. Statistical significance was established at a level of (p<0.05).

Results of the study and their discussion. Based on a detailed study of medical records, we found
a relationship between the patient's gender, age, cause of death, month, seismic days, Magnitude, and Depth
of Seismic Activity.

1. Mortality Analysis Based on Gender, Cause of Death, Month, Age, Seismic Days, Magnitude,
and Depth of Seismic Activity:

— Gender: Women constituted 50.4 % of the deceased, and men 49.6%.

— Cause of Death: The highest mortality was attributed to heart failure (HF) at 33.5 %, followed
by acute coronary syndrome (ACS) at 26.6 %, acute cerebrovascular accident (ACVA) at 25.8 %, and
hypertensive crisis (HC) at 10.6%.

— Monthly Distribution: Mortality peaked in January (10.3 %), followed by March (10.2 %), May
(8.5 %), June (8.4 %), February (8.3 %), July and August (8.1 % each), October (7.7 %), December
(7.6 %), November (7.5 %), and September (7.0 %).

— Age Distribution: The majority of deaths occurred in individuals aged 70-79 years (34.0 %),
followed by 80-89 years (32.7 %), 60—69 years (12.2 %), 50-59 years (10.3 %), 90-99 years (4.8 %), over
100 years (0.5 %), 0-9 years (0.4 %), and 10-19 and 20-29 years (0.2 % each).

— Seismic Activity: Comparative analysis showed that 62.0 % of deaths occurred on earthquake
days, while 38.0 % were on calm days.

— Depth of Seismic Process: Mortality rates were distributed as follows: no seismic activity
(38.0 %), depth less than 10 km (20.8 %), 11-20 km (16.1 %), 21-30 km (11.2 %), 31-40 km (8.1 %), and
more than 40 km depth (5.9 %).

— Magnitude: The highest number of deaths occurred at a magnitude of 1.1-2.0 (35.2 %), followed
by 0.1-1.0 (14.6 %), 2.1-3.0 (10.7 %), 3.1-4.0 (1.4 %), and more than 4.0 (0.1 %).

2. Gender-Based Mortality Analysis by Age and Cause of Death:

— Gender and Cause of Death: A comparative analysis of mortality causes by gender revealed
statistically significant differences (p<0.001). Among men, the primary cause of death was heart failure
(HF) at 32.3 %, followed by acute coronary syndrome (ACS) at 31.4 %, cerebrovascular accident (CVA)
at 22.8 %, hypertensive crisis (HC) at 10.1 %, and other causes at 3.3 %. Among women, heart failure was
also the leading cause at 34.6 %, followed by CVA at 28.7 %, ACS at 21.9 %, HC at 11.1 %, and other
causes at 3.6 % (x2=51.219; p<0.001).

Age-Based Mortality Distribution: Statistically significant age-related differences in mortality
were also observed (p<0.001). The highest mortality rate was seen in individuals aged 70-79 years
(32.9 %), followed by those aged 80—89 years (26.9 %), 60—69 years (15.8 %), 50-59 years (14.6 %), 40—
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49 years (5.6 %), 90-99 years (2.1 %), 30-39 years (1.2 %), 0-9 years (0.4 %), 10—19 years (0.2 %), and

20-29 and over 100 years (0.1 % each) (Fig. 1).

Age-Based Mortality Distribution 3. Age-specific analysis of mortality by
gender and causes of disease:

There were statistically significant
differences (p<0.001) in mortality rates by
gender and age group. Among males, the
highest mortality rates were observed in the
following age groups: 40—49 years (76.7 %),
30-39 years (70.6 %), 60—69 years (64.0 %),
and 0-9 years (56.3 %). Conversely, among
females, higher mortality rates were
observed in the following age groups: 10—-19

— 2 %) m
7y = b =]

Percentage of Deaths (%)

05 105 2029 3039 4049 5059 60-69 7079 §0-89 9099 100+ years (60.0 %), 20-29 years (62.5 %), 70-79
SES, years (51.9 %), 80—89 years (59.3 %), 90-99
Fig. 1. Age-Based Mortality Distribution 32=280.128; p<0.001. years (78.1 %), and over 100 years (90.9 %).

When analyzing the association between age and causes of death, the following statistically
significant results (p<0.001) were obtained:

— Age group 0-9 years: Cardiovascular complications accounted for 43.8 % of deaths (7 cases),
acute coronary syndrome (ACS) for 25.0 % (4 cases), and acute cerebrovascular accidents (ACVA) for
18.8 % (3 cases).

— Age group 10-19 years: Deaths were attributed to cardiovascular complications in 50.0 % of
cases (5 individuals), ACS in 20.0 % (2 cases), with hypertensive crises (HC), ACVA, and heart failure
(HF) each accounting for 10.0 % of cases.

— Age group 20-29 years: HF was the leading cause in 75.0 % of cases (6 individuals), with ACVA
and ACS each responsible for 12.5 % (1 case each).

— Age group 30-39 years: HF accounted for 52.9 % of deaths (18 individuals), followed by ACS
in 23.5 % (8 cases), ACVA in 17.6 % (6 cases), and HC and other causes each in 2.9 % (1 case).

— Age group 4049 years: The primary causes were ACS (42.5 %), HF (27.4 %), ACVA (17.8 %),
HC (4.1 %), and other causes (8.2 %).

— Age group 50-59 years: ACS accounted for 37.9 % of deaths, HF for 25.9 %, ACVA for 22.1 %,
HC for 10.6 %, and other causes for 3.6 %.

— Age group 60—69 years: ACS was responsible for 32.9 % of deaths, HF for 28.1 %, ACVA for
24.8 %, HC for 9.5 %, and other causes for 4.6 %.

— Age group 70—79 years: HF was the most common cause at 31.7 %, followed by ACVA (31.2 %),
ACS (23.8 %), HC (10.1 %), and other causes (3.2 %).

— Age group 80-89 years: HF accounted for 38.1 % of deaths, ACVA for 23.8 %, ACS for 22.4 %,
HC for 13.0 %, and other causes for 2.6 %.

— Age group 90-99 years: HF was the leading cause at 48.0 %, followed by ACVA (21.9 %), ACS
(18.9 %), HC (8.2 %), and other causes (3.1 %).

— Age group over 100 years: HF accounted for 36.4 % of deaths, ACS for 22.7 %, with HC, ACVA,
and other causes each responsible for 13.6 %.

Annual Analysis of Mortality by Gender, Age, and Causes of Disease:

Gender-based analysis. Statistically significant differences were observed in mortality rates by
gender across different months:

— Among men, higher mortality rates were recorded in January (50.6 %), February (50.7 %), April
(50.9 %), August (52.1 %), September (53.4 %), and October (52.6 %).

— Among women, higher mortality rates occurred in March (52.2 %), May (51.5 %), June (50.3 %),
July (55.2 %), November (54.6 %), and December (50.3 %).

Age-based analysis by month. When analyzing mortality by age and month, the following trends
were observed:

— January: The highest mortality occurred in the 70-79 age group (35.3 %), followed by 80-89
years (32.1 %) and 60—69 years (11.3 %).

— February: Mortality was highest in the 70-79 age group (34.7 %), followed by 80-89 years
(34.4 %) and 60—69 years (11.0 %).

— March: Equal mortality rates were observed in the 70-79 and 80—89 age groups (32.6 % each),
followed by 60-69 years (12.8 %).

— April: Mortality was highest in the 7079 age group (37.8 %), followed by 80—-89 years (32.4 %)
and 60-69 years (12.5 %).
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— May: The 80—89 age group recorded the highest mortality (37.2 %), followed by 7079 years
(32.0 %) and 60—69 years (10.5 %).

— June: Mortality was highest in the 70-79 age group (32.9 %), followed by 80—89 years (32.4 %)
and 60—-69 years (14.1 %).

— July: The 80-89 age group recorded the highest mortality (37.1 %), followed by 70-79 years
(30.1 %) and 60—69 years (9.5 %).

— August: Mortality was highest in the 80—89 age group (31.4 %), followed by 70-79 years
(29.3 %) and 60—69 years (14.6 %).

— September: The 70-79 age group recorded the highest mortality (35.3 %), followed by 80-89
years (27.9 %) and 60—69 years (15.2 %).

— October: Mortality was highest in the 70-79 age group (36.1 %), followed by 80-89 years
(31.9 %) and 60—69 years (14.5 %).

— November: The 70-79 age group recorded the highest mortality (35.1 %), followed by 80—89
years (32.8 %), with equal mortality rates in the 50—59 and 60—69 age groups (9.9 % each).

— December: Mortality was highest in the 70-79 age group (37.6 %), followed by 80-89 years
(29.7 %) and 60—69 years (11.4 %).

Cause-based analysis by month. Across all months from January to December, heart failure (HF)
was consistently the leading cause of mortality.

4. Analysis of the Impact of Magnitude on Mortality by Gender, Age, and Causes of Disease:

Gender-based analysis. A comparative analysis of seismic event magnitude and gender revealed
the following trends:

— In the absence of a recorded magnitude, mortality was higher among men (50.6 %) than women
(49.4 %).

— Among men, mortality rates were: 50.8 % at a magnitude of 0.1-1.0, 50.6 % at a magnitude of
2.1-3.0.

— Among women, mortality rates were: 51.6 % at a magnitude of 1.1-2.0, 59.6 % at a magnitude
of 3.1-4.0, 66.7 % at a magnitude above 4.0.

Age-based analysis by magnitude. When analyzing mortality by age and magnitude, the following
trends were observed:

— Magnitude 0.1-1.0: The highest mortality occurred in the 80—89 age group, followed by 70-79
years (32.6 %) and 60—69 years (12.4 %).

— Magnitude 1.1-2.0: Mortality was highest in the 80—89 age group (34.0 %), followed by 70-79
years (33.5 %) and 60—69 years (12.2 %).

— Magnitude 2.1-3.0: The 70-79 age group recorded the highest mortality (36.0 %), followed by
80-89 years (28.1 %) and 60—69 years (12.3 %).

— Magnitude 3.1-4.0: Mortality was highest in the 70—79 age group (40.4 %), followed by 80-89
years (33.3 %) and 50-59 years (10.5 %).

— Magnitude above 4.0: Equal mortality rates of 33.3 % were observed in the 60—69 and 80—89 age
groups, with 16.7 % in the 50-59 and 7079 age groups.

Cause-based analysis by magnitude: The analysis of causes of mortality across different
magnitudes revealed statistically significant differences (p<0.001):

— Magnitude 0.1-1.0: Heart failure (HF) was the leading cause (33.3 %), followed by acute
coronary syndrome (ACS) (26.5 %), acute cerebrovascular accidents (ACVA) (26.0 %), hypertensive
crises (HC) (8.5 %), and other causes (5.8 %).

— Magnitude 1.1-2.0: HF accounted for 31.4 % of deaths, followed by ACVA (28.4 %), ACS
(26.7 %), HC (10.7 %), and other causes (2.9 %).

— Magnitude 2.1-3.0: HF accounted for 31.8 %, followed by ACVA (29.2 %), ACS (26.7 %), HC
(8.1%), and other causes (4.2 %).

— Magnitude 3.1-4.0: Equal proportions of deaths were caused by ACVA and ACS (31.6 % each),
followed by HF (22.8 %), HC (10.5 %), and other causes (3.5 %).

— Magnitude above 4.0: ACVA accounted for the majority of deaths (66.7 %), followed by HF
(33.3 %).

5. Analysis of the Impact of Seismic Depth on Mortality by Gender, Age, and Causes of Disease
(Fig. 2).

Gender-based analysis. An examination of mortality based on seismic depth and gender revealed
the following results:

— At depths less than 10 km, more women died (52.4 %) compared to men (47.6 %).

— Atadepth of 11-20 km, men accounted for 52.5 % of deaths, while women accounted for 47.5 %.

— At a depth of 21-30 km, women made up 53.4 % of deaths, while men accounted for 46.6 %.

— At a depth of 31-40 km, 53.1 % of the deceased were women and 46.9 % were men.
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— At depths greater than 40 km, men accounted for 52.5 % of deaths, while women accounted
for 47.5 %.

i Mortality Causes Distribution by Magnitude Age-based  analysis by

Cause of Death » depth. When analyzing mortality

Heart Failure (HF) / ..
o= Accis Covumicy Syudions (ACS) ¥ by age and depth of the seismic
~— Acute Cerebrovascular Accideats (ACVA) / event, the following trends were
o~ Hypertensive Crises (HC) /
Other Causes / observed.

—Depth <10 km: The highest

] mortality was in the 80-89 age

group (36.7 %), followed by the

70-79 age group (32.1 %) and the

e 60—69 age group (10.6 %).

1 1 — Depth 11-20 km: The

highest mortality was in the 70—

\ 79 age group (34.9 %), followed

TV _ . & by 80-89 years (31.0 %) and 60—

1 69 years (13.4 %).

— Depth 21-30 km: The 70—

0.1-1.0 1120 2.1-3.0 3140 >40 79 age group had the highest

Seismic Magnitude Range mortality (346 %), followed by

Fig. 2. Distribution of mortality causes due to the magnitude (x2=50.247; 80-89 years (30.4 %) and 60-69
p<0.001). years (12.0 %).

— Depth 31-40 km: Mortality was highest in the 80-89 age group (35.6 %), followed by 70-79
years (32.5 %) and 60—69 years (13.8 %).

— Depth >40 km: The highest mortality occurred in the 70-79 age group (37.1 %), followed by 80—
89 years (28.3 %) and 6069 years (12.1 %).

Cause-based analysis by depth. The effect of seismic depth on mortality causes was statistically
significant (p<0.001), with the following distributions:

— Depth <10 km: Heart failure (HF) was the leading cause of death (37.6 %), followed by acute
cerebrovascular accidents (ACVA) (26.1 %), acute coronary syndrome (ACS) (23.6 %), hypertensive
crises (HC) (8.1 %), and other causes (4.6 %).

— Depth 11-20 km: HF accounted for 30.4 % of deaths, ACVA for 27.6 %, ACS for 26.9 %, HC
for 12.1 %, and other causes for 2.9 %.

— Depth 21-30 km: ACS was the leading cause (30.4 %), followed by ACVA (29.9 %), HF
(23.9 %), HC (13.5 %), and other causes (2.2 %).

— Depth 31-40 km: HF accounted for 29.8 % of deaths, ACVA for 29.1 %, ACS for 28.5 %, HC
for 8.6 %, and other causes for 5.8 %.

— Depth >40 km: HF accounted for 32.1 % of deaths, ACVA for 31.7 %, ACS for 27.5 %, HC for
2.9 %, and other causes for 5.8 %.

This data indicates significant variation in mortality by depth, with the distribution of causes
changing across different depths.

The analysis results revealed statistically significant differences when comparing causes of death
with earthquake magnitudes. Statistical analysis using the ANOVA method demonstrated significant
differences between age, cause of death, magnetic activity, seismic depth, and earthquake magnitude.
Specifically, as the magnitude increases, there is a rise in the number of deaths from various causes,
especially from heart failure (HF). Analysis using the Kruskal-Wallis test showed a statistically significant
relationship (p<0.001) between the following variables: cause of death and gender, age and gender, cause
of death and age, cause of death and earthquake magnitude, and cause of death and seismic depth. These
findings underscore the importance of considering gender, age, and seismic characteristics when analyzing
causes of mortality, as well as confirm the significance of seismic activity as a factor influencing public
health. The results indicate a complex relationship between seismic activity and mortality levels from
various diseases in Azerbaijan. Mortality from HF was the leading cause of death across all population
categories, especially among women and older individuals.

In the analysis of relative risk (RR), a result of 1.63 was obtained, indicating that individuals with
cardiovascular pathologies have a 1.63 times higher risk of death due to an earthquake compared to those
without such pathologies. In other words, the presence of these pathologies increases the risk of a fatal
outcome in an earthquake by 63 %.
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We also conducted an analysis of mortality from cardiovascular pathologies using odds ratio
analysis, obtaining a result of 2.67 with a 95 % confidence interval (2.44-2.92) at p<0.001. This indicates
that the presence of cardiovascular diseases significantly increases the likelihood of death during an
earthquake, with individuals with these pathologies having 2.67 times the odds of dying compared to those
without such pathologies, necessitating appropriate protective measures for this population group.

We also analyzed the effect influence factor (EIF) on overall mortality. EIF is an indicator that
evaluates the contribution of a specific factor to the overall outcome or process and is often used to
understand how strongly a particular factor influences a system or phenomenon. In analyzing the influence
of earthquake factors on overall mortality, an EIF of 5.79 % was obtained with a 95 % confidence interval
(5.75-5.84) at p<0.001, meaning that cardiovascular pathologies account for 5.79 % of the variation in
overall mortality among all causes. Although the contribution of this factor to overall mortality is relatively
small, its influence is statistically significant.

It should be noted that not all studies note a connection between earthquakes and cardiac
pathologies. One study conducted in New Zealand found that after two earthquakes there was no increase
in ventricular arrhythmia [2]. However, this study did not study the dependence of mortality from CVD on
age, earthquake magnitude and other important factors. Regarding the connection with seasonal changes,
some authors point to an increase in blood pressure on winter mornings, especially in older people [11].
Similar results were characteristic of our patients: a high percentage of deaths was in January (10.3 %).

Conclusions

1. Seismic activity, particularly earthquakes with a magnitude of 1.1-2.0 and a depth of less than
10 km, significantly impacted mortality rates.

2. Individuals with cardiovascular pathologies have a 1.63 times higher risk of death due to an
earthquake compared to those without such pathologies.

3. The presence of cardiovascular diseases significantly increases the likelihood of death during an
earthquake, with individuals with these pathologies having 2.67 times the odds of dying compared to those
without such pathologies

4. Cardiovascular pathologies account for 5.79 % of the variation in overall mortality among all
causes.

These results indicate that cardiovascular pathologies significantly increase the risk of death. Given
the high statistical significance and precise confidence interval, we can conclude the necessity of enhanced
prevention, diagnosis, and treatment of cardiovascular diseases to reduce mortality.
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