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ABSTRACT

BACKGROUND: The development of arterial hypertension is a highly relevant issue, especially in high-latitude regions, due to
its significant impact on the working population. It often leads to prolonged temporary incapacity to work, increasing the risks
of disability and mortality. Climate change, primarily associated with increased temperature variability, has a negative impact
on the cardiovascular system.

AIM: The work aimed to develop predictive models for hypertension incidence in Western Siberia (Yamalo-Nenets Autonomous
Okrug, YNAO and Tyumen Oblast) under climate change conditions.

METHODS: Monitoring of primary incidence rates of hypertension per 1000 population in YNAO and the Tyumen Oblast for the
period 2010-2020 was conducted. The data were obtained from the annual reports on primary morbidity in the working-age
adult population from the official website of the Ministry of Health of the Russian Federation, and from the average annual
air temperature provided by the Federal Service for Hydrometeorology and Environmental Monitoring. The Dickey—Fuller test
was used for time series analysis. Forecasting was performed using the Box—Jenkins method (ARIMA). The forecast was
calculated using the Time Series/Forecasting submodule based on the autoregressive integrated moving average (ARIMA)
model.

RESULTS: The predictive models confirmed a growing trend the primary of hypertension in the Arctic zone of Western Siberia
over the next five years, taking into account climate change.

CONCLUSION: To prevent the increase in hypertension at the regional level, a comprehensive set of preventive measures
should be developed to mitigate the impact of climate change and support the sustainable formation of adaptive mechanisms
for preserving public health.
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AHHOTALMA

06ocHoBaHue. [pobnema pa3BuTUs apTepuanbHON TUNEPTEH3UM OYEHb aKTyasbHa, 0CODEHHO Ha TEpPPUTOPUAX BbICOKUX LLIM-
poT, B MnaHe COXpaHeHWs TPYAOCNOCOOHOCTM HaceneHus, TaK KaK HepeaKo NPUBOLWUT K ANWUTENIbHOW BPEMEHHON HeTpyao-
CnocobHOCTM, MOBLILLEHUK PUCKOB WHBANMAM3ALMM U CMEPTHOCTU. M3MeHeHWe KMMaTa, B MEpBY0 0Yepeib COMPSKEHHOE
C NOBBbILIEHHOM U3MEHYMBOCTBLI) TEMMEPATYPLI, OTPULLATENIBHO CBA3aHO C COCTOSHMEM CEPAEYHO-COCYAUCTON CUCTEMBI.
Llenn. MocTpoeHune nporHocTuyeckux Moaenei 3aboneBaemMocTy apTepuanbHOM runepTeH3nei Ha Tepputopumn 3anagHon Cu-
6upm (B AMano-HeHeukoM aBToHOMHOM oKpyre — AHAOQ 1 TioMeHcKon 0651acTh) B YCNOBUAX KITMMATUYECKUX U3MEHEHUH.
Metopbl. lpoBeEH MOHUTOPUHT AaHHBIX MO NepBUYHOM 3abosieBaeMOoCTH apTepuasnbHom runepTeH3nent Ha 1000 Hacenenus
B AHAQ u TiomeHcKoi obnactn 3a 2010-2020 rr. [laHHble nony4eHbl U3 eXErofHbIX OTYETOB MO NepBUYHOM 3aboneBae-
MOCTM B3pOCNOro TpyaocrnocobHoro Hacenewus ¢ oduumMansHoro caita MuHsgpaBa Poccum u cpefHEro40BbIX 3HAYeHWI
TeMnepaTypbl BO3Ayxa Ha 0CHOBaHWM faHHbIX DenepanbHoM cyObl N0 MMAPOMETEOPONOrM U MOHUTOPUHIY OKpYIKatoLLEeN
cpeAbl. [Ins uccnenoBaHus BPeMEHHOro psaa ucnonb3oBanu Kputepun [uku—®ynnepa. MporHosvpoBaHue ocyLlecTBASAM
Ha ocHoBe MeTozonor1 bokca—[xeHkuHca (APTICC). MporHo3 paccunTbiBanu B noaMoayse «BpeMeHHble psifbl/nporHo3u-
poBaHWe» C UCrob30BaHWEM MOfe/N aBToperpeccun U ckonb3siero cpegHero APTICC.

Pesynbtartbl. [TporHocTMyeckve Mogenu NOATBEPAUNIM HANMYWE TEHAEHLMM pocTa NepBUYHON 3aboneBaeMoCTy apTepualib-
HOW rMnepTeH3uneit cpeam HaceneHus ApkTudeckon 30Hbl 3anagHon Cubupm ¢ YUETOM KIMMAaTUYECKUX M3MEHEHWI B TeYEHUE
5 ner.

3akniouenue. C Lenbio NpegoTBpaLLeHMs pocTa apTepuanbHON rMNepTeHsuy Ha pervoHanbHOM YpoBHe crieflyeT paspabo-
TaTb KOMMJEKC NPOPUIAKTUHECKMX MEPONPUSATUI, KOTOPBIN MO3BOSIUT KOMMEHCUPOBATb BAIMSHUE KIIMMAaTUUECKUX U3MEHEHUH
1 obecneuuT ycToiumBoe GopMUPOBaHUE aflanTaLMOHHBIX MEXaHU3MOB [ COXPaHEHUS 3,0p0BbS HaceNeHus.

KnioueBbie cnoBa: cepne4yHo-cocyaucTble 3aboneBaHus; CIJVIBVIOJ'IOFVI'-IGCK&FI ajanTtauuma; NnporHo3mpoBaHune; ApKTVI‘-IeCKVIVI
pernoH; nsMeHeHue Knumara.
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BACKGROUND

According to the Working Group of the World Climate Re-
search Programme (WCRP) on Coupled Modeling, the most
significant changes in the Earth’s climate are observed in the
high latitudes of the Northern Hemisphere. The global linear
trend of average annual air temperature in 1976-2019 was
+0.16 °C/10 years; whereas the warming rate in the Northern
Hemisphere is twice as high (+ 0.32 °C/10 years)." The Rus-
sian Arctic shows even higher warming rates, where the lin-
ear increase in average annual temperature is approximately
2.43 °C over 30 years (or 0.81 °C/10 years) [1]. Significantly
accelerated warming of the Arctic has been observed since
the 1990s; rapid warming of winters in 1970-1995 and sub-
sequent cooling until 2010 [2].

The ambient environment and natural conditions are ma-
jor factors of the human ecosystem. According to the Sixth
Assessment Report of the Intergovernmental Panel on Cli-
mate Change (IPCC), climate risks are growing faster than
expected, making it more difficult to adapt to increasing glob-
al warming.? As early as 2009, the Lancet Health and Cli-
mate Change Commission warned that climate change was
the greatest threat to global health in the 21st century [3].
One risk group vulnerable to the effects of climate change
is individuals with cardiovascular diseases because extreme
temperatures increase the risk of adverse cardiovascular
outcomes [4, 5].

Current global warming and climate change trends have
a profound impact on the epidemiology of hypertension and
cardiovascular diseases as they may significantly affect both
blood pressure variability and cardiovascular disease, es-
pecially in individuals with high cardiovascular risk and the
elderly population [6]. However, the World Health Organiza-
tion underestimates the impact of climate change on arterial
hypertension (AH), still noting unhealthy diet, low physical
activity, tobacco use and alcohol consumption, overweight,
obesity, and air pollution as the key risk factors.? Never-
theless, scientific research conducted since the 1990s [7]
has confirmed the relationship between the climate-related
increase in average annual air temperature and the risk of
hypertension in patients at risk [6, 8, 9].

Despite the emerging trend toward a decrease in car-
diovascular mortality rate in the Russian Federation, these
indicators are still among the highest in the world [10] and
the leading cause of mortality (more than 50%). Multiple
studies in Russia are focused on identifying the relationship
between mortality and air temperature, including heat and
cold waves. Some approaches to studying the health risks
of temperature waves were proposed by Russian scientists

! World Climate Research Programme.

URL: https://www.wcrp-climate.org. Accessed on August 12, 2024.
2 Climate change. URL: https://www.who.int/ru/news-room/fact-sheets/
detail/climate-change-and-health. Accessed on June 24, 2024.
Hypertension. URL: https://www.who.int/ru/news-room/fact-sheets/
detail/hypertension. Accessed on June 24, 2024.

1.32. N2 3, 2025

DOl https://doi.org/10.17816/humeco635354

JKoNorna HenoBeka

in the early 2010s [11]. They also modeled and predicted the
additional mortality with an increase in average annual air
temperature both for individual cities [12, 13] and for regions
of Russia [14, 15]. However, there is still a few specific publi-
cations on the influence of rising air temperatures on the AH
based on long-term monitoring of regions with uncomfort-
able climate [16].

The problem of hypertension and maintaining working
ability is especially relevant in high latitudes as it often leads
to long-term temporary inability to work and increased dis-
ability and mortality risks. Accordingly, observational panel
studies of patient sensitivity to such fluctuations will provide
a valuable knowledge base required to timely adjust adap-
tation plans in the Arctic region, which is highly sensitive to
climate change.

AIM: To develop predictive models for hypertension inci-
dence in Western Siberia (Yamalo-Nenets Autonomous Okrug
(YNAO) and Tyumen Oblast) under climate change conditions.

MATERIALS AND METHODS

We monitored incidence rates of hypertension per
1,000 adult working-age population in YNAO and Tyumen
Oblast in 2010-2020 and developed a predictive model of
climate-related hypertension incidence. The statistics on
primary morbidity in the adult working-age population were
obtained from the annual reports of the Ministry of Health
of the Russian Federation* and the average annual air tem-
perature data in Salekhard and Tyumen provided by the
Federal Service for Hydrometeorology and Environmental
Monitoring.’

The area was selected for the study of hypertension
trends based on the fact that Siberia is a modular region
for studying climate change. Having experienced catastrophic
heat waves in 2010 and 2012, it is one of the regions where
the frequency of extreme climate events has increased re-
cently [17]. Predictive models of primary hypertension mor-
bidity in YNAO and Tyumen Oblast allow us to identify trends
in adaptation to increased average annual air temperatures in
the population of the Arctic zone of Western Siberia (YNAQ) as
compared to a region located farther south (Tyumen Oblast).

Time series were analyzed by a step-by-step method with
five steps [18]:

1) Construction of a time series;

2) Stationarity test of the series to determine the appro-
priate model (ARMA or ARIMA);

3) Model parametrization;

4) Reliability and adequacy test of the model;

5) Forecasting based on the analyzed time series.

Forecasting was performed using the Box—Jenkins meth-
od (ARIMA). For the stationary time series, we used a model

4 The Ministry of Health of the Russian Federation.
URL: https://minzdrav.gov.ru/ru. Accessed on June 24, 2024.

5 The Federal Service for Hydrometeorology and Environmental Monitoring.
URL: https://www.meteorf.gov.ru/. Accessed on June 24, 2024.
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structure with a combination of an autoregressive process
of order p and a moving average process of order g. For
non-stationary data, Box and Jenkins proposed the ARIMA (p,
d, g) model, where p, d, g are structural parameters of the
order for the corresponding parts of the model (autoregres-
sive, integrated, and moving average) [19].

As a result, we developed medium-term (5 years) pre-
dictive models for hypertension. To assess the relationship
between temperature time series and hypertension incidence,
we used cross-correlations, including distributed lag mod-
els [20]. To reduce the multicollinearity, we used the Almon's
technique [21].

The Dickey—Fuller test was used for time series analysis.
The model’s adequacy was tested using the Akaike informa-
tion criterion (AIC) [23]. The forecast was calculated using
the Time Series/Forecasting submodule based on the autore-
gressive integrated moving average (ARIMA) model.

The obtained data were processed using Statistica for
Windows, v. 8.0 (StatSoft Inc., USA) and Microsoft Excel (Mi-
crosoft, USA). The significance of differences was considered
to be taken at p < 0.05.

RESULTS

Fig. 1 shows the time series for the changes in hyper-
tension incidence per 1,000 people and the average annual
air temperature in YNAO before the transformation. Fig. 2
shows the time series for the primary hypertension incidence
per 1,000 people and the average annual air temperature in
Tyumen Oblast before the transformation.

Next, we conducted a cross-correlation analysis of the
temperature and hypertension incidence time series for YNAO
and Tyumen Oblast; to find a connection, we changed the
lag length and the degree of the Almon polynomial. It was
found that a model with a polynomial degree of 2 has the
best approximation of the coefficient of determination (0.97)
to describe the relationship between temperature and mor-
bidity in YNAO. The highest significance corresponds to a lag
length of 3 (see Fig. 3).

The obtained statistical estimates will allow us to build
an explicit model of the relationship between the primary
hypertension incidence and the average annual temperature
for YNAO (primary hypertension incidence is calculated as
the number of cases per 1,000 people, the temperature is
expressed in degrees Celsius):

incidence_AH(t) = -0.32592 x Temperature(t) + 1.162 x
Temperature(t — 1) — 0.434 x Temperature(t - 2).

After the required transformations and their adequa-
cy tests, a forecast was made based on the analyzed time
series. The Hypertension in YNAO ARIMA (p, d, g) model
may be described as (0, 0, 1) (0, 1, 0), SS Initial = 87.2, SS
Final = 43.9, MS Residual = 5.5. The Akaike criterion is 8.
Model parameters are d = 1; g = 1; the model constant is
0.998 + 1.51; g calculated in Statistica is —0.99 + 0.025 (see
Fig. 4).
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Thus, the final model was:

AX'=10,998 - 0,99AXt — 1 + 1AXt — 2 + €t.

The final model was used to forecast primary hyperten-
sion incidence in YNAO for the next 5 years. The forecast is
shown in Table 1.

The reliability and adequacy of the model are verified by
comparing actual and predicted parameters and by a high
value of the coefficient of determination. Thus, the final fore-
cast show that the 5-year changes in the primary hyperten-
sion incidence in YNAO will be positive (see Fig. 4).

We analyzed the cross-correlation between the tem-
perature and hypertension incidence time series for Tyumen
Oblast; to find a connection, the lag length and the degree
of the Almon polynomial were changed. It was found that a
model with a polynomial degree of 0 has the best approxima-
tion of the coefficient of determination (0.91) to describe the
relationship between temperature and morbidity in Tyumen
Oblast. The highest significance corresponds to a lag length
of 1 (see Fig. 5).

The obtained statistical estimates will allow us to build
an explicit model of the relationship between the primary hy-
pertension incidence and the average annual temperature for

°C
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Fig. 1. Time series of primary incidence of hypertension per 1000
population and average annual air temperature (°C) in the Yamalo-Nenets
Autonomous Okrug (YNAO) prior to transformation.

]
]

— Hvpertension (Tvumen Oblast)
~-Temperature (Tyumen Oblast)

<5
=}

Average annual temperature in the
Tyumen Oblast

~ ©
N £ad (d > e
] =] o ° (]

Oblast per 1000 populatign

o

Hypertension in the Tyumen

©w

(=}

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Fig. 2. Time series of primary incidence of hypertension per 1000
population and average annual air temperature(°C) in the Tyumen Oblast
before transformation.
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Regressn Standard t( 4) p

Lag Coeff Error Sums of |df | Mean F P

[0 | -0,325919473584 0,094989413173 -3.43111366515 0,026508568726 | Effect Squares Square

(1 0,401889511736 0,079732124464 5,04049671872  0,007279526161| Regress. | 137,3758 4 34,34396 43,14358 0,001516
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Almon Polyn. Distr.Lags; Alpha Coefficients (Ananua AHAO1 sta)
Indep: Al 8 AHAO Dep: Cpeaneroaosan temneparypa AHAO Canexapa
Lag: 3 Polyn. order: 2 R= 9886 R-square= 9773

poly- Alpha Standard t( 5) p
nomial Coeff. Error

0 -0.3259194735841 0094989413173 -3.43111366515 0,018613136327
1 | 1,161555921651 0,244521724648 4,75031788412 0,005103080977
2 -0,433746936330 0,079002220943 -5,49031319819 0,002736168573

Fig. 3. Estimation statistics of the distributed lag model between temperature and hypertension incidence in the Yamalo-Nenets Autonomous Okrug.
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Fig. 4. ARIMA forecast of hypertension incidence in the Yamalo-Nenets Autonomous Okrug (YNAO).

Tyumen Oblast (primary hypertension incidence is calculated
as the number of cases per 1,000 people, the temperature is
expressed in degrees Celsius):

incidence_AH(t) = 0.1699 x Temperature(t) + 0.1699 x

Temperature(t - 1).

After the required transformations and their adequacy
tests, a forecast was made based on the analyzed time se-
ries. The Hypertension in Tyumen Oblast ARIMA (p, d, g) mod-
el may be described as (0, 1, 1) (0, 0, 1), SS Initial = 21.01,
SS Final = 9.37, MS Residual = 0.52. The Akaike criterion is 5.
Model parameters are d=1; g = 1; @s = 1 (seasonal lag 7);
the model constant is 0.43 + 0.14; g is -0.13 £ 0.2; Qs calcu-
lated in Statistica is 1.0 + 0.008 (see Fig. 6).

Thus, the final model was:

Y=043+(1+0.13xL)(1-0,99 x L7) x €t.

The final model was used to forecast primary hyperten-

sion incidence in Tyumen Oblast for the next 5 years. The

DOl https://doi.org/10.17816/humeco635354

forecast is shown in Table 2. The reliability and adequacy
of the model are verified by comparing actual and predicted
parameters and by a high value of the coefficient of deter-
mination.

According to the Tyumen Oblast Health Department, in
2021-2022, the recorded incidence characterized by high
blood pressure increased from 11,000 cases in 2021 to
15,000 in 2022 in Tyumen Oblast, excluding autonomous
okrugs.®

The reliability and adequacy of the model are verified by
comparing actual and predicted parameters and by a high
value of the coefficient of determination.

Thus, the forecast estimates show that the changes in
primary hypertension morbidity in Tyumen Oblast for 5 years

¢ Federal State Statistics Service of the Russian Federation.
URL: https://rosstat.gov.ru. Accessed on June 24, 2024.
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Table 1. Predictive values of primary incidence of hypertension (per 1000 working-age population) in the Yamalo-Nenets Autonomous Okrug for a 5-year

period
Observation year Predictive value -90.0% | +90.0% Standard error Observed values Residuals
2020 21.44 17.2 25.7 2.302 21.6 0.16
2021 22.44 12.9 31.96 5.12 23.65 1.2
2022 23.44 10.7 362 6.9 24.5 1.1
2023 24,44 9.1 39.8 8.25 - -
2024 25.43 7.9 42.97 9.43 - -

Note. The converted data according to the resolution and the collection from the website of the Department of Health of the Yamalo-Nenets Autonomous

District for 2022 are shown in bold.

Indep: AI' Dep: Temneparypa

Almon Polyn. Distr Lags; Regression Coefficients (Tiom obnacts sta)

Lag: 1 Polyn. order: 0 R= 9532 R-square= 9086 N: 10

Almon Polyn. Distr.Lags: Analysis of Variance (T
Indep: AI' Dep: Temneparypa
Lag: 1 Polyn. order: 0 R= 9532 R-square= ,9086

Sums of df  Mean F
Regressn Standard t( 8) p Effect Squares Square P
Lag Coeff. Error Regress. [72.57865] 2 36,28933 39,76178 0,000070

0 [0.1699068127951 0,017963321029 9.458541242187 0,000012841711 [ Residual | 7 30135 8 091267
1 0,169906812795 0,017963321029 9,458541242187 0,000012841711 | Total 79.88000

Almon Polyn. Distr.Lags; Alpha Coefficients (Tiom obnactb.sta)
Indep: AI' Dep: Temneparypa
Lag: 1 Polyn. order: 0 R= 9532 R-square= ,9086 N: 10

poly-
nomial

Alpha
Coeff.

Error

Standard t( 9) p

|0 (0.1699068127951 0,017963321029 9,458541242187 0,00000567"

Fig. 5. Estimation statistics of the distributed lag model between temperature and hypertension incidence in the Tyumen Oblast.

Table 2. Predictive values of primary incidence of hypertension in the Tyumen Oblast (per 1000 working-age population) for a 5-year period

Observation year Predictive value | -90.0% | +90.0% | Standard error Observed values Residuals
2020 9.48 8.2 10.74 073 95 0.024
2021 951 7.61 11.41 11 - -

2022 9.54 7.16 11.92 137 - -
2023 9.57 6.8 12.35 1.6 - -
2024 9.63 6.51 12.75 18 - -
= ' will have a slowly ascending trend. The results largely indi-
14 14 cate the potential of the selected forecasting tool based on
13 13 autoregressive algorithms and integrated moving average.
12 12
11 11 DISCUSSION
10 : 10
5 o  Summary of Primary Results
s 8 Predictive models confirmed a trend toward an increase
; . in the primary hypertension incidence in the population of the
. e Arctic_zone of Western Siberia in relation to cli_mate change
over five years. We assumed that the change in the preva-
5

2011 2013 2015 2017 2019 2021 2023 2025
2010 2012 2014 2016 2018 2020 2022 2024

—— Observed data --- Forecast

- +90,0000%

Fig. 6. ARIMA forecast of hypertension incidence in the Tyumen Oblast.
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lence of hypertension in the Arctic zone of Western Siberia
will correspond to the changes in prevalence in regions locat-
ed farther south with similar values of average annual tem-
perature. Western Siberia is a convenient region for testing
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this assumption as the area located in the Arctic (YNAO) and
its southern part (Tyumen Oblast) are close in ethnic, so-
cial, age, and sex composition and healthcare system per-
formance; they are not separated by mountain ranges and
are located in the zone affected by the western disturbance.
However, they have different average annual temperatures.

Discussion of Primary Results

Climate change is known to increase heat stress in sum-
mer and higher winter temperatures are expected to largely
offset these adverse effects in summer. Nevertheless, this
study is an important example of how climate-related in-
creased temperature variability affects human health even
during colder months. Overall, the study adds to the growing
evidence that climate change affects health (including car-
diovascular health) through both extreme heat and significant
all-season adverse effects on humans [24].

In recent years, more and more studies highlight the ad-
verse weather and climate effects on the incidence of var-
ious cardiovascular symptoms [25, 26]; they have identified
weather and climate connection with heat stress. Sudden
weather changes may influence cardiovascular mortality
rates [27]. For example, decreasing temperatures in Norway
were associated with a higher coronary heart disease inci-
dence and death rates [28]. In addition, Finnish scientists [29]
suggested a relationship between heat waves and certain
cardiovascular diseases; they have proven that high air tem-
peratures are related to higher hospitalization rates for cere-
brovascular diseases in Helsinki. Another study confirmed
that with high greenhouse gas climate change forecast,
heat-related mortality would spike in most regions. However,
it would not be accompanied by lower cold-related mortality
rates and would result in a significant positive increase in
mortality [30].

Previous studies have also showed that exposure to
extremely high temperatures may increase sweating and
blood flow to the skin, cause water loss and dehydration,
and increase cardiac output [31]. When thermoregulation is
impaired, core body temperature increases, thus leading to
systemic inflammation, oxidative stress, endothelial dysfunc-
tion, and cytotoxic effects and promoting myocardial isch-
emia [32].

It is worth noting that the relationship between high
ambient temperatures and hospitalization rates for hyper-
tension requires a more detailed study. Today, reduced risk
of heat-related hospitalization has been confirmed, but the
possible effect of cold exposure was not studied [33-46].
Previous studies have highlighted an increased diastolic
and systolic blood pressure in winter [37]. However, some
studies deny the obvious relationship between temperature
conditions (and its fluctuations) and cardiovascular risk [38],
including in relation to high air temperatures (heat) [39, 40].

There are some development mechanisms of cardiovas-
cular diseases. In the winter with low temperatures, systolic
and diastolic blood pressure, serum low-density lipoprotein
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cholesterol, heart rate, plasma fibrinogen, platelet viscos-
ity, and peripheral vasoconstriction increase; whereas
high-density lipoprotein cholesterol decrease, increasing
the risk of complications in people with cardiovascular dis-
eases [41-44].

Age has been identified as a possible risk factor because
individuals over 65 years are more likely to visit physicians
or be hospitalized for cardiovascular diseases [40, 45, 46],
which is consistent with previous studies [47, 48]. This may
be caused by age-related physiological changes as in addi-
tion to a decreased ability to thermoregulate and redistribute
blood flow, older people experience central stress on the
cardiovascular system, thereby increasing their exposure to
high temperatures. Thus, the influence of high temperatures
on the incidence of specific cardiovascular diseases may vary
with age due to factors beyond physiological ones, including
sociodemographic conditions and the environment [49].

Contemporary understanding of the relationship between
temperature and morbidity and mortality involves a U- or
V-shaped relationship between exposure and outcome. It
means that morbidity and mortality continue to increase be-
yond both high and low temperature thresholds [50, 51]. It
may be assumed that natural and social environment unique
to each region may alter the effects of high temperatures on
health in different geographic regions.

The entire territory of YNAQ included in this study is locat-
ed in an absolutely and extremely uncomfortable zone, which
affects human health. Climate change is most rapid in the
Arctic and affects the prevalence of cardiovascular diseases
both directly, due to a higher frequency of extreme weather
events, and indirectly, due to changes in reindeer herding and
local fishing providing the population with traditional foods
that have high preventive activity. Higher average annual
temperature can affect the health of the Arctic population
both by longer periods of unstable atmospheric pressure;
inversion of cold and warm air strata; wind conditions and
environmental changes affecting commercial fish species,
mammals, and wild plants. Heat waves, dry seasons, and
wind-driven estuarine surges may both reduce the produc-
tivity of traditional fishing grounds and affect the composition
of the caught species and fishing seasons. These changes
will inevitably affect the fatty acid and micronutrient content
in the diet, cause deficiency of omega-3 fatty acids, magne-
sium, decrease the proportion of protein and increase the
intake of easily digestible carbohydrates. This will naturally
lead to higher prevalence of hypertension [52].

Study Limitations

Like other time series analysis, this study has limitations.
First, we did not use detailed personal data on patients’ so-
cioeconomic conditions, smoking, medications, diet, or co-
morbidities as the study is based on the analysis of aggre-
gated statistical data. In addition, this limited our ability to
exclude some causes of cardiovascular diseases that are not
solely related to temperature, which could introduce bias and
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would likely bias the effect estimates toward zero. Moreover,
the study may be influenced by factors modifying the effect
of temperature on cardiovascular morbidity (e.g. social fac-
tors, demographics, infrastructure, housing, and access to
air conditioning) [53].

CONCLUSION

Studying the influence of environmental and climate chang-
es as major risk factors on the development of cardiovascular
diseases requires special attention, monitoring, and forecast-
ing. Temperature fluctuations and higher frequency of extreme
weather affect human health and, importantly, will have an
all-season adverse effect, especially on the cardiovascular
system in individuals with high cardiovascular risk. In the Arc-
tic zone, rising air temperatures and heat waves due to climate
change are additional stresses for the human body, which has
already adapted to low temperatures. Moreover, previous
studies have shown that the mechanisms of adaptation to
these climate changes are not very effective in one of the key
cardiovascular risk groups, i.e. people over 65 years of age.

Given that the frequency of extreme environmental and
climate events in the Arctic region has become most obvious
over the past 30 years and the global epidemiological picture
has changed drastically as compared to the previous century,
we assume that potential risk groups will expand. This issue
falls beyond the scope of our study, but is of interest for future
scientific research. In addition, a promising area will be hyper-
tension forecasting in populations living in different climatic
zones and analyzing models of adaptation to climate change.

A predictive model of the relationship between the preva-
lence of cardiovascular diseases and the higher average an-
nual air temperature showed that the incidence will increase.
Comparison of predictive prevalence models of cardiovascu-
lar diseases in regions located in the West Siberian Plain with
similar ethnic and social characteristics of the population and
level of medical care, but different average annual tempera-
ture, shows that when the average annual temperature ex-
ceeds 1.5 °C, the linear relationship between morbidity and
the average annual temperature will weaken; whereas the
amplitude of cyclic changes and the influence of non-climatic
factors on this process will increase. The positive influence of
the average annual temperature can be realized through the
new practices of cultivating agricultural plants and animals
that are grown farther south and reducing the climate and
adaptation stress.

This demonstrates the need for a comprehensive ap-
proach to the prevention of cardiovascular diseases (in-
cluding preventing the higher hypertension rates) and the
importance of preventive actions at the regional level that
will compensate for the climate change and ensure the sus-
tainable adaptation mechanisms to preserve the health of
the population.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. C.B. AHapoHoB — 0630p nvTepatypsl, cbop v aHanm3
JIUTEPATYPHBIX MCTOYHMKOB, HaMMCaHWe TEeKCTa W peaaKTVpoBaHWe CTaTby;
E.H. BorpaHoBa — 0630p nuTepatypel, CHOp W aHanM3 nMTepaTypHbIX MC-
TOYHWKOB, NOArOTOBKA U HanwucaHwe TeKcta ctatby; 0.M. Lagyiko — pe-
AaKkTnpoBaHue ctatbkt; AA. JlobaHoB — Kypaums, pefaKTMpoBaHWe CTa-
4. Bce aBTOpbl 0f0bpuv pykonuch (Bepcuio Ana nybnvkaumm), a Takke
COr/lacuNMCb HECTW OTBETCTBEHHOCTb 3a BCe acMeKThl paboTsl, rapaHTUpys
Ha[nexalliee PacCMOTPEHME U PeLLIeHe BONPOCOB, CBA3AHHBIX C TOYHOCTbIO
1 [,0BPOCOBECTHOCTbLIO N0B0M €€ YacTy.

JITnyeckan akcneptmsa. Hacrosiee mccnefoBaHve He Tpebyet mony-
UeHWsl 0[0BPeHNs ITMYECKOr0 KOMWTETA, MOCKOSIbKY [aHHbIe 0 Crydasx
3ab0n1eBaHWsA NOMyYeHsl U3 OTKPBITBIX OMULMANBHBIX CTAaTUCTUYECKMX UC-
TOYHUKOB, KIMHUYECKME 1CCNe0BaHUA He MPOBOAVNM.

WUctouHnku d¢uHancupoBaHua. /lccnefoBaHns YacTMUHO QUHAHCKUPO-
BanMcb B pamkax npoekta N® HY 2.2.1.24 OHI" nporpammbl TIY «[Tpropu-
Te1-2030».

PackpbiThe MHTepecoB. ABTOpbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENbHOCTV W MHTEPEeCOB 3a MOCMeHWe TPW roAa, CBA3aHHbIX C TPETbUMM
JMLaMK (KOMMEPYECKUMI 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [1py CO3aaHMM HacTosLLEeN paboTsl aBTOpbI He UCMOMb-
30Banv paHee onybiMKOBaHHbIe CBeAEHMSs (TEKCT, AMIOCTPaLWMY, AaHHbIE).
HJocTyn K AaHHBIM. PefjakuMoHHas NONMTVKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLeN paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBanu.

leHepaTUBHbIA UCKYCCTBEHHbIA MHTENNEKT. [1py CO34aHMM HACTOALLEN
CTaTby TEXHONIOM MM FeHEePATUBHOTO UCKYCCTBEHHOMO MHTE/EKT HE MCMOTb-
30Ba.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTpeHa no 06bI4HOM MpoLemype.
B peLieH3MpoBaHWM y4acTBOBaNM [1Ba BHELLHMX PeLeH3€eHTa, YeH pefaK-
LIOHHOM KOMNErnn 1 HayYHbIA pefaKTop U3haHus.
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