In the analyzed period, the range
of NSs belonging to the list Il, in the
republic is 66.6% of the nomenclature of
registered drugs under the international
non-proprietary name.

In the regions of the republic,
classified as a cluster with a low level
of the accessibility index of the National
Assembly and the Parliament, the
range of NSs for the international non-
proprietary name was 55.5%, for trade
names 31.6% of the nomenclature of
registered drugs.

The smallest assortment of ND is
represented in regions with a very low
level of accessibility index of ND and PS
-55.5% of the nomenclature of registered
medicines in the international non-
proprietary name and 26.3% in the trade
name.

Analysis of the completeness of the
assortment of ND and PS in medical and
pharmacy organizations of the Republic
of Sakha (Yakutia) showed that there are
significant differences in the range of ND
and PS present in the municipal districts
of the republic. A number of indicators
characterizing the state of the assortment
of ND and PS, despite the existence of a
regulatory framework in the organization
of activities related to the provision of
ND and PS, has a pronounced range
of differences in the municipal regions
of the republic. The lowest value of the
indicators in the analysis of the assortment

of ND and PS was noted in the municipal
districts of the republic with a very low
level of accessibility index narcotic drugs
and psychotropic substances.

The indicators of primary morbidity and
mortality from malignant neoplasms for
2014-2016 in municipal areas classified
as a group with a very low availability
of narcotic drugs and psychotropic
substances suggest that the current need
for ND and PS is significantly higher than
the actual consumption of ND and PS for
the last three years.

Thus, a complex of state regulation
measures is needed to equalize the
availability of analgesic therapy for the
population and medical organizations.
The ranking of municipal districts by
drug provision groups for analgesic
therapy creates the conditions for the
development of conceptual documents
with a set of measures to increase the
availability of ND and PS at the level of
the subject of the Russian Federation.
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HYGIENE, SANITATION, EPIDEMIOLOGY AND MEDICAL ECOLOGY
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T.A. Androsova, D.V. Bosikov

THE INFLUENCE OF GEOMAGNETIC
STORMS ON THE DEVELOPMENT OF
HYPERTENSIVE CRISES (AT THE EXAMPLE
OF YAKUTSK RESIDENTS)

ABSTRACT

The data of appeal to the ambulance station with hypertensive crises of residents of Yakutsk with a geomagnetic field at the maximum (2013)
and a minimum (2017) of the XXIV solar cycle was compared. It is shown that in the years of high solar activity, the effects of geomagnetic storms
are manifested in the increase in the number of calls for emergency medical care with a preliminary diagnosis of the hypertensive crisis. At the
same time, the majority are elderly and senile people, who, are believed, to have a cardiovascular system more susceptible to the influence of
geophysical perturbations. An increase in the number of patients with hypertensive crisis is observed not only on the day of the maximum decrease
of the Dst-index (the Oth day of the storm), but also in the interval from the -2th to the 2nd day of the storm. Differences in the reaction time are revealed
depending on the type of geomagnetic storm: during sporadic storms, the maximum of calls is most often on the — 1st day, and for recurrent ones — on

the Oth day.

Keywords: hypertensive crisis, cardiovascular diseases, geomagnetic storms, geophysical activity.

INTRODUCTION

Cardiovascular disease (hereinafter
CVD) is the leading cause of the death
all over the world: each year there is not
another reason of death for many people
but the CVD. One sort of cardiovascular

complications and decrease in the
working capacity of the population is the
hypertensive crisis (hereinafter HC) —
inadequate and biologically inexpedient
(non-adaptive) response of the organism
to the action of various factors, including

environmental factors [5]. The main
cause of this sort of disease, in the first
place, is the state of the human body. In
the modern world one can see exorbitant
growth of the neuropsychological
stresses, which cause a certain reaction
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in the body, connected with changes in the
blood supply of organs. Each such, albeit
insignificant, change in blood circulation
is reflected in the cardiovascular system.

In human pathology, hypertensive or
hypertensive states play an important
role, which is associated, on the one
hand, with their high prevalence, and on
the other hand, with their participation in
pathogenetic mechanisms of CVD and
their complications, often leading to a
decrease in the working capacity of the
population.

Hypertensive crisis (HC) is a patho_
logical reaction, characterized by a
sudden increase in systolic and diastolic
blood pressure in patients suffering from
hypertension or symptomatic (secondary)
arterial hypertension. Like any other
pathological reaction, HC is the result of
disturbances of the organism’s reactivity
in general or the reactive properties
of tissues, organs and their systems,
accompanied by a violation of the
coronary or cerebral circulation. Sharp
sudden increases in blood pressure can
pose a threat to the life of the patient and
require immediate intervention.

Factors associated with an increased
risk of CVD can be divided into two groups:
those that a person cannot change, and
those that are amenable to change. The
first group includes heredity, the aging
process and other exogenous factors
(psycho-emotional overload, excessive
consumption of table salt and water,
sudden cancellation of antihypertensive
drugs, excessive physical activity). The
second group includes such indicators
as increased blood lipids (cholesterol and
triglycerides), hypertension, smoking,
lack of physical activity, excessive
body weight, diabetes, stress and other
endogenous factors [5].

In recent years, scientists increasingly
pay attention to such objective factors as
meteorological and geocosmophysical.
The first factor includes weather
conditons —  temperature, wind,
atmospheric pressure, precipitation. The
geocosmophysical one— changes in the
Earth’s magnetic field, the level of solar
activity, X-ray and other types of radiation
caused by active processes on the Sun.
By the magnitude of the impact on CVD,
these factors are much inferior to those
listed above, but their accounting can
significantly improve the quality of life.
This is especially true for residents of
the high-latitude, Arctic zone, where the
variations in geophysical activity are
much stronger than in the middle- and
low-latitude zones, and, consequently,

the person is under the influence of more
intense fields. It is noted that magnetic
storms are dangerous in the first place
for those who suffer from arterial
hypertension and hypotension or heart
disease. In the days of geomagnetic
disturbances, the number of heart
attacks, strokes and hypertensive crises
increases by an average of 15 % [1, 3, 8].

The purpose of this work is to study
the role of geomagnetic storms in the
development of HC for the Yakutsk
inhabitants, the determination of specific
parameters of geomagnetic disturbances
and possible mechanisms for their impact
on CVD.

Materials and Methods of the
research

The statistical processing of the data
of the electronic database of calls to the
ambulance because of HCs for 2013 and
for the first half (6 months) of 2017 was
performed. Medical data are compared
with the Dst index of the geomagnetic
field. During the geomagnetic storms
Dst index has a characteristic variation:
first it increases by 5-10 nT within 2-5
hours (the initial phase of the storm),
then sharply, during 7-16 hours, falls by
tens to hundreds of nT (main phase),
and then slowly, within 3-6 days, returns
to a calm level (recovery phase). The
convenience of using this index is due to
the fact that its online values are freely
available on the website of the Center for
Geomagnetism and Cosmic Magnetism
of Kyoto University (Japan) [12]. The day
of the main phase of the storm (maximum
decrease of the Dst index) is taken as a
0-day of the storm.

Results and discussion

For a detailed study we selected
geophysical data in 2013 and the first
half of 2017. These years fall respectively
on the maximum and minimum of the
XXIV solar cycle. Compared with the
previous ones, this 11-year cycle proved
to be much weaker (Figure 1). If in
the XXI (1976-1986) and XXII (1986-

1996) cycles the
number of sunspots
(Wolf numbers,

W) reached at the

maximum the values ry
W =155 and W = 7 2\ 7\
157 (respectively, R
in 1979 and 1989), i

and in (1996-2009)

of the XXIII cycle W

= 120 (2000), but 1376:1380 1984 1388 1392

in the XXIV cycle
the maximum in
February 2014 was

only W =71. The average annual number
of sunspots in 2014 was W =75, in 2013
it was slightly less W = 61. In the first
half of 2017, the average Wolf number
was only W = 15, which is typical for a
minimum of solar activity.

In Figure 1, along with solar activity
(W), the average annual values of the
geomagnetic Dst-index module are
shown by dashed lines. As you can
see, geomagnetic activity also changes
during the solar cycle but usually there
are several maxima — one at the growth
phase of the solar cycle and one or two
at the decline phase. In the XXIV solar
cycle, geomagnetic activity was also
smaller than in previous cycles. The
first maximum was observed during the
growth phase of solar activity in 2012-
2013 - the module of the average annual
| Dst | = 8.0 nT in 2012 and 7.9 nT in
2013. The second maximum was at the
decline phase in 2015 — the module of
the average annual Dst = 15.5 nT. The
first the maximum was much weaker than
the second one. Thus, studied 2013 year
falls at the growth phase of solar activity
and on the first maximum of geomagnetic
activity, but in 2017 geomagnetic activity
was on decline phase after the second
maximum in 2015.

The number of geomagnetic storms:
in 2013 there were 43 storms, including
3 large, 19 moderate and 21 weak.
According to the accepted classification,
we consider storms as a weak if the main
phase Dst decrease is 30 nT <| Dst | <50
nT, moderate storm with 51 nT <| Dst |
<99 nT, and large storm with | Dst | > 100
nT. In the first half of 2017 there were 25
storms, 1 large, 7 moderate and 17 weak
ones were recorded. For comparison —
for the same time interval of 2013 there
were 24 storms — 3 large, 8 moderate
and 13 weak. So, although in the first
half of 2013 and 2017 there were roughly
equal total number of geomagnetic
storms there were more intensive storms
in 2013.

Fig. 1. The mean annual number of sunspots (Wolf numbers W) (solid
curve, left scale) and the geomagnetic Dst index (dotted line, right
scale) in the XXI-XXIV solar cycles.



In total, during the analyzed period
of 2013 and the first half of 2017 there
were 3103 ambulance calls for HC (Nhc),
2,267 in 2013 and 456 in 2017 (Table 1).
Note that in the first half of 2017 Nhc =
456, which is 2.2 times less than in the
same period of 2013 (1006).

In the majority of cases of the HC
(2749 out of 3103, or 88.6%) was
observed for people older than 50 years,
which is quite logical, since pathogenetic
factors contributing to the development
of HC in elderly and senile people
are the high content of angiotensin I
circulating in the blood, the deficiency of
kininogen, prostacyclin, damage to the
vascular endothelium and a decrease in
the release of vasodilating substances.
At the same time in the vessels there
are circulatory disorders of the type of
ischemia, stasis or thrombosis, edema of
the tissue, diapedesis bleeding. Stability
of this indicator testifies its objectiveness:
the percentage is almost unchanged both
for the 2013 data, and for the first half of
2013 and 2017, and for all registered
cases in total (see the third column).
The percentage of young people (age
younger than 50) is quite low, only 11.4%.

In addition to the age-related criteria
in the development of HC and other
cardiovascular complications, the sex
of patients is an important determining
factor too [7]. According to our data, out
of 2 647 ambulance calls for HC women
make up 78.3% (2 073) in 2013. In 2017,
the indicator decreases slightly, to 74.3%
(339 out of 456). It should be noted that
men predominate among young patients
(in 2013, 124 out of 574 or 21.6%, in
2017, 26 out of 117 or 22.2%). For
women, this indicator is also stable and
amounts to 177 out of 2 073 or 8.5% in
2013 and 27 from 339 or 8.0% in 2017.
The frequency of HC for women aged
50 years and older, on the contrary, is
several times higher than for men: 1896
against 450 in 2013 (4.2 times) and 312
against 91 in 2017 (in 3.4 times). This
fact can be explained by a decrease in
adaptive mechanisms in women during
menopause, which is accompanied by
a deficiency of estrogens due to natural
extinction of ovarian function and,
apparently, increases their sensitivity to
geophysical factors [2, 6, 7].

Figure 2 shows the average daily
values of the Dst index and the number
of HC in the first half of 2013 and 2017.
One can see the number of ambulance
calls for HC (Nhc) in 2013 is significantly
greater than for the same time interval in
2017 (in numerical terms, respectively,

1 2016 NN R

Distribution of ambulance calls for HA by age and sex

Year Nhe, fage over e:N glz)l\eflgr Youn, a ?z?ier Youn,

all | 50/% |Nhe/% §0 o Oog Nhe / % §0 o oog
2013 | 2647 2346/88,6[2073/78 3[1896/91,5| 177/8.5 | 574/21,9| 450/78,4 | 124/21.6

2013-1 | 1006 |887/88.2| 786/78,1] 721/91,7| 65/83 |220/21,9|166/75,5 | 54/24.5
2017-1 | 456 |403/88,4] 339/74,3|312/92,0] 27/8,0 | 117/25,6] 91/77.8 | 26/22.2
202131%“‘1 3103 749/88,602749/77,702208/91,5| 204/8,5 |691/22,3 | 541/78,3 | 150/21,7

Note: all columns except the first one show the number of calls Nhc / percentage.

1005 and 455).

As is known, geomagnetic storms are
divided into two types — sporadic and
recurrent. On Earth, this is reflected in the

morphological characteristics of storms
— sporadic storms more often shows a
sharp start, more intense mail phase;
recurrent storms starts more smoothly,
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Fig. 2. Average daily values of the Dst-index (curve, right scale) and the number of patients with
hypertensive crisis (histograms, left scale) from January to June (top to bottom) 2013 (left) and

2017 (right)
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Fig. 3. Dst- index during large geomagnetic storms - recurrent (upper row) and sporadic (lower
row) and number of patients with hypertensive crisis (columns, right scale).

several intensifications are observed
during the main phase, and their duration
considerably exceeds the duration
of sporadic storms. The differences
between these two types of geomagnetic
storms are due to the difference in their
solar sources — in the first case they are
solar flares and associated coronal mass
ejections (CME), in the second — long-
lived coronal holes and corona high-
speed flows (CIR) [4].

It was noted in [9, 10] that there
are differences in the response of the
cardiovascular system to these two
types of storm. The type of storm we
determined according to the method [11].
Figure 3 shows data during four large
storms: two recurrent on March 17, 2013
(-132 nT) and on June 28, 2013 (-97 nT),
and two sporadic on June 1, 2013 (-119
nT) and May 28, 2017 (-125 nT). One can

see that during recurrent storms (upper
row) Nhc increased 24 hours before the
beginning of the storm (on the -1-th day).
The increase in Nhc on the 3rd day after
the onset of the storm on March 21, 2013
is most likely not related to geomagnetic
activity and may be due to the age or
individual reactivity of patients to external
stimulus, or meteorological factors.
During sporadic storms (lower row), Nhc
increases on + 1 day after the onset of
the storm.

It was shown in [3, 7, 9, 10] that
changes in the cardiovascular system
are observed not only on the day of the
maximum decrease of the Dst- index (0
day of the storm), but also in the interval
from -2 to +2 days of the storm. To test
how this manifests itself in our study in
the HC, we calculated Nhc (the number
of ambulance calls for HC) in a 5-day

Table 2

The number of storms with a maximum Nhc in the 5-day bore interval
(from -2 days before the storm to 2 days after the storm began)

Type of storm I Number of storms I -2 I -1 I 0 I 1 I 2 I No

2013

Sporadic 15 4 4 3 3 1 0

Recurrent 28 6 6 8 5 2 1

All 43 10 10 11 8 3 0
2017

Sporadic 10 1 2 1 2 0 4

Recurrent 15 0 3 3 2 4 3

All 25 1 5 4 4 4 7

2013 and 2017

Sporadic 25 5 6 4 5 1 4

Recurrent 43 6 9 11 7 6 4

All 68 11 15 15 12 7 8

Note. “No” column shows the number of storms, when there was no increase in Nhc during

storm period.

storm interval (Table 2). There was
calculated the number of storms for which
the maximum of Nhc was observed,
respectively on the -2-nd, -1-st, O-th,
1-st or 2-nd day of the storm In 2013, at
the solar cycle maximum, the number of
sporadic storms was almost twice less
than number of recurrent storms (15 and
28), and in 2017 (10 and 15).

Table 2 shows that an increase of Nhc
is observed during most of geomagnetic
storms: in 2013 this is true for 42 of
43 storms, and in 2017 there was no
noticeable increase of Nhc in 7 cases out
of 25, during weak storms. Of course, not
all cases of Nhc increase are associated
with a decreasing of the geomagnetic
field (see Figure 2), but there is no
well amplitude correspondence: during
large storms, the Nhc increase may be
less than during moderate storms, and
sometimes even during weak storms
there is a significant increase in Nhc.
Hence, the increase in the number of
applications for emergency medical care
for HC is often associated with storms,
but does not directly depend on the
intensity of the storm.

As can be seen from the table, the
growth of Nhc ¢ during sporadic storms
in 2013 more often occur on minus 2-nd
and 1-st days (red color), but in 2017
this did not manifests. For recurrent
storms, growth of Nhc more frequently
occur on the day of the storm begins
(0-day) — this is clearly visible in 2013,
and in 2017 it is less pronounced. In
total, for 25 sporadic and 43 recurrent
storm events in 2013 and 2017 (the last
3 rows in the table), the growth of Nhc
expressed fairly confidently on one day
before the start of sporadic storms and
on 0-day for recurrent. Accordingly, for all
68 storms, the maximum number of Nhc
occurs on two days — the day before the
storm begins (-1-day) and on the day of
the maximum decrease of the Dst index
(0- day). That is, there is a tendency of
a time-differentiated reaction to sporadic
and recurrent geomagnetic storms in the
increase of the number of requests for
medical care for HC (Nhc) in a five-day
storm interval. These conclusions agree
with results obtained earlier on other data
[6-10].

Conclusion

The analysis of the data presented
in the study shows the presence of a
complicated, ambiguous connection of
the number of requests for medical care
for HC (Nhc) with geomagnetic activity.
Nevertheless, the data studied agree
with the previous results [9, 10] and allow



us to state that such a relationship exists.

1. The effects of geomagnetic
activity are manifested in an increase in
the number of requests for emergency
medical care for the HC (Nhc) in years of
high solar activity compared to the low.

2. 88.6% of all requests for
emergency medical care are elderly
and senile people, that is, people whose
cardiovascular system reacts more
strongly to more weak compared other
factor — effect of geophysical activity.

3. The increase of Nhc does not
directly depend on the intensity of the
storm, but there has been a tendency for
a different reaction on the number of calls
for HC during sporadic and recurrent
storms.
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