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Abstract

Background: It is known that cardiovascular events (CVE) occur more often in winter than in summer. However,
dependence of myocardial infarction (MI) risk of on various meteorological factors is still not fully understood. Also,
the dependence of the seasonal dynamics of Ml on gender and age has not yet been studied. The purpose of our
meta-analysis is to reveal dependence of the circannual dynamics of MI hospitalizations on gender, age, and charac-
teristics of a region’s climate.

Main body: Using Review Manager 5.3, we performed a meta-analysis of 26 publications on the seasonal dynamics
of MI. In our meta-analysis, the relative Ml risk was higher in colder compared to warmer seasons. Old age insignifi-
cantly increased the seasonal Ml risk; gender did not affect the seasonal dynamics of MI, but Ml was more common

in men than in women. The severity of the seasonal dynamics of Ml risk depended on the climate of the region. In a
climate with a small amplitude of circannual fluctuations in air temperature, atmospheric pressure, and partial oxygen
density in the air, as well as in regions where air humidity is higher in winter than in summer, an increase in Ml risk in
winter compared to summer was significant. It was not significant in regions with opposite climatic tendencies.

Conclusions: Based on the results of our studies, it can be concluded that a decrease in air temperature increases in

Ml risk; in addition, hypoxia in the hot season can provoke CVE associated with ischemia.
Keywords: Myocardial infarction, Season, Climate, Air temperature, Atmospheric pressure

Background
In 2019, approximately 18.6 million people died from
cardiovascular diseases, of which 9.14 million deaths
were due to ischemic heart disease [1]. Numerous studies
have shown that cardiovascular events (CVE) are more
common in winter than in summer [2]. This is facilitated
by an increase in blood pressure, blood viscosity, and the
level of circulating lipids in winter compared to summer
[3-5].

The study [6] has demonstrated that weather stress is
a trigger for 3.7% of all MI (myocardial infarction), but
dependence of MI on various meteorological factors is

*Correspondence: natkuzmencko2011@yandex.ru

Almazov National Medical Research Centre, Saint Petersburg, Russia 197341

@ Springer Open

still not fully understood. Thus, according to the results
of the meta-analysis by Sun et al. [7], both increases
and decreases in air temperature are associated with an
increased MI risk. The Japanese study has shown an asso-
ciation of MI with heat [8]. However, no increase in MI
cases was recorded in Moscow during an abnormally hot
summer 2010, when during the month the daily air tem-
perature averaged 33 °C with a maximum value of 37 °C
[9]. In Tuscany (Italy) and northern France, an increase in
hospital admissions for MI was observed with a decrease
in air temperature [10, 11]. Danet et al. [10], according on
the results of 10 years of observations, noted a V-shaped
relationship between atmospheric pressure and ML
Research in Texas has established an association between
atmospheric pressure drop and MI [12]. In other studies,
on the contrary, MI was more frequent in weather with

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-022-00322-5&domain=pdf
http://orcid.org/0000-0001-6027-7325
http://orcid.org/0000-0002-7767-8560
http://orcid.org/0000-0002-1515-1616
http://orcid.org/0000-0001-5129-9944

Kuzmenko et al. The Egyptian Heart Journal (2022) 74:84

increased atmospheric pressure [13]. Also, these authors
noted the association of an increase in MI risk with high
air humidity. Thus, the results of clinical trials are highly
controversial.

The study by Cannistraci et al. [14] showed that MI risk
is minimal in summer in regions with different climate
(Finland, Italy, Scotland, China, Japan, Australia). How-
ever, this study is limited by a small number of MI cases
and a short follow-up period. To the best of our knowl-
edge, no one has studied the seasonal dynamics of MI
depending on the vector and amplitude of annual mete-
orological factor variations.

It is known that MI occurs more often in men than in
women, and MI risk increases with age [15]. In addition,
it has been shown that the effect of external and inter-
nal triggers on MI risk depends on gender and age [6,
15]. Some studies have shown that association of MI with
weather conditions is most pronounced in elderly people
[10, 16]. However, so far no one has studied the effect of
gender and age on the seasonal dynamics of MI risk.

The purpose of our meta-analysis is to reveal depend-
ence of the circannual dynamics of MI hospitalizations
on gender, age and characteristics of a region’s climate.
Elucidation of the relationship between MI risk and fluc-
tuations in weather conditions is an important task for
the prevention of MI and mortality from them.

Main text

Methods

A systematic review was conducted following the Meta-
analysis of Observational Studies in Epidemiology guide-
lines [17]. The search for publications was carried out
independently by two researchers. Two authors indepen-
dently evaluated all records by title, abstract, or full text
for potentially eligible studies, and any disagreement was
resolved by consensus.

The search strategies were based on combinations of
keywords related to climate (season, climate, weather,
winter, summer, spring, autumn, fall, temperature, heat,
hot, warm, cold, atmospheric pressure, barometric pres-
sure, air humidity, relative humidity) and MI (myocar-
dial infarction, ischemic attack, ischemic heart disease,
myocardial ischemia, cardiac ischemia, coronary heart
disease, heart disease, vascular disease, cardiovascular
diseases) and hospitalization (morbidity, hospitaliza-
tion, event, hospital admissions, incident, case, risk) and
gender/sex (man, woman, male, female) and age (young,
elderly, age, old). The “Human” filter has been applied.
The search was carried out in the databases of PubMed,
Scopus, Russian database eLibrary, Google Scholar with a
limited publication period of 1940-2021 yy due to imper-
fections in the diagnostic methods in early studies. The
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search was carried out in English and Russian. We also
searched the reference lists of the included studies.

We selected publications on the seasonal dynamics
of hospitalizations for MI, but no deaths from MI. The
method of displaying statistical data on the paper was
supposed to enable us to conduct a meta-analysis. For
example, articles in which the number of hospitaliza-
tions was presented per 100,000 population or week, or
was expressed only as odds ratio, or as regression without
indicating absolute values were excluded. In the selected
studies for this meta-analysis, data for four seasons (win-
ter, spring, summer, and autumn) had to be presented.
Regions with mountainous climate were not included in
the meta-analysis. If a group of authors published sev-
eral articles on the same topic, the publication with data
presented for the maximum observation period was
selected.

Only high- and medium-quality studies were selected
for meta-analysis. When assessing the quality of publica-
tions, the following were taken into account: diagnostic
methods, duration of observation, study localization,
presentation of seasons, presentation of meteorological
data, sample size, gender / age representation and pres-
entation of results.

Two researchers independently searched for data. After
reconciliation, the data were included in the meta-analy-
sis. When conducting a meta-analysis, data of MI cases
per season and the total number MI was extracted or cal-
culated from publications. The data were processed with-
out regard to gender and age (data for gender and age
groups were pooled), as well as taking into account gen-
der and age. To study the seasonal dynamics of MI risk
by gender and age, only those publications were selected
in which data were presented separately for gender / age
groups.

If the study accurately indicated the localization of
the study region, then the publication was included in
the meta-analysis, which assessed dependence of MI
risk on the characteristics of the climate of the region. If
the article presented meteorological data, then we used
them. Otherwise, using the archived data, we calculated
the meteorological parameters (temperature and relative
humidity of air, atmospheric pressure, partial density of
oxygen in the air (PO,)), as described in the work [18].
Depending on annual fluctuations in a meteorological
factor in a region of a study, publications were divided
into two subgroups: one with the maximum amplitude
of change and another with the minimum amplitude of
change of a meteorological factor.

We used the statistical program Review Manager 5.3
for meta-analysis. Mantel-Haenszel (odds ratio) test was
applied to assess MI risk. Study heterogeneity included in
the meta-analysis was determined using criterion I%. The
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choice of fixed-effects or randomized-effects model was
carried out according to the recommendations of Boren-
stein et al. [19]. A Z-test was used to assess the statistical
significance of the total results. The confidence interval
was 95%, and differences were considered statistically sig-
nificant at p<0.05. Funnel plots, Egger’s test, and Begg’s
test were used to detect publication bias. Egger’s test and
Begg’s test were calculated using MedCalc program.

Results

A total of 1279 publications were found. We selected 26
publications reporting the seasonal dynamics of MI [8,
9, 11, 13, 16, 20-40] (Fig. 1). We selected only medium-
to high-quality studies (Table 1 and Additional file 1:
Table S1). Table 1 and Additional file 1: Table S1 show
the main characteristics of the publications included in
our meta-analysis. Some studies were not included in
our meta-analysis for various reasons (Fig. 1, Additional
file 1: Table S2). Assessment of funnel plots, Egger’s test,
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and Begg’s test showed no evidence of publication bias
(Additional file 1: Figs. S1 and S2).

We studied the seasonal dynamics of MI in 20 cities.
Cities were located in various climatic zones, ranging
from temperate to tropical (Table 2). The climate of the
regions differed in the amplitude of changes from winter
to summer in air temperature, magnitude/variability of
atmospheric pressure, and PO, (Table 2). In Dhaka, Kara-
chi, Brest (France), the differences in average tempera-
tures between winter and summer do not exceed 10 °C;
in Moscow, Chicago, Seoul, the differences are more
than 23 °C. Circannual fluctuations of PO, in Valencia,
Dhaka, Brest (France) do not exceed 16 g/m?; in Seoul,
Takashima, Moscow, Chicago, they are more than 28 g/
m>. Atmospheric pressure is usually higher and more
variable in winter than in summer. For the climate of the
temperate zone of Europe, pronounced seasonal dynam-
ics of atmospheric pressure variability, but not its average
value, are characteristic. On the contrary, in the regions
of East Asia and the Middle East, atmospheric pressure
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Fig. 1 Flow diagram according to the preferred reporting items for systematic reviews and meta-analysis guidelines (http://prisma-statement.org/)



http://prisma-statement.org/

Kuzmenko et al. The Egyptian Heart Journal (2022) 74:84 Page 4 of 13
Table 1 Selected publications devoted to the study of seasonal dynamics of Ml
Publications Period of Location of the study, geographical Total number of Ml Age (years) Sex, male (%) Diagnostics
thestudy  coordinates, altitude
(yy)
Akioka [8] 2012-2013  Oita, Japan, 33°14'N, 131°36" E, 9 m asl 186 71 76.3 -
Depasquale [20] 1952-1955  New Orleans, USA, 29°58°N, 90°06" W, 1582 - - ECG
4masl
Didier [13] 2009-2016  Brest, France, 48°23" N, 4°29'W, 34 mas.l| 742 624 713 ECG
Douglas [21] 1962-1971  Scotland 125,799 65* 64.5%* -
Gonzélez Herndndez [22] 1995-1999  Valencia, Spain, 39°28" N, 00° 22°'W, 15m 8329 65* 76 -
asl
Heyer [23] 1946-1951  Dallas, USA, 32°46°N, 96°47° W, 131 mas| 1386 - - ECG
Hong [24] 1997-2006  South Korea 265,935 65% 59.9%* -
Khan [25] 2005-2015  Germany 3,008,188 70* 62.3** WHOC
Keller 2014 [26] 2010-2012  Dhaka, Bangladesh, 23042°N, 90°22" E, 2374 - - WHOC
60 ma.s.l
Kozlovskaia [9] 2009-2012  Moscow, Russia, 55°45°N, 37°37"E,200m 63,412 >40 53 ECG
asl
Ku [27] 1992-1996  Kaohsiung City, Taiwan, 22°38°N, 120°16" 540 623 741 ECG, CK
E,9masl
Lashari [28] 2011 Karachi, Pakistan, 24°51°N, 67°E,8 mass.l 428 485 61 ECG, CK, T
Lin [29] 2005-2016  Taipei, Taiwan, 25°N 121°32°E, 9 m asl 2151 59 83 -
Mahajan [30] 2007-2014  USA 321,888 60 65** -
Manfredini [31] 1998-2006  Ferrara, Italy, 44°50°N, 11037 E, 9 m a.s.l 64,191 70 62.9%* WHOC
Mintz [32] 1940-1945  Chicago, USA, 41°54°N, 87°39"W, 200 m 572 59.5 68.5 ECG
asl
Morabito [11] 1998-2002  Florence, Italy, 43°47°N, 11°15"E, 50 m a.sl 2683 65% 66** WHOC
Moschos [33] 1988-1998  Rhodes, Greece, 36°10°N, 28°E, 11 masl 1196 - 75 ECG, CK
Nagarajan [34] 2003-2008  USA 82,971 675 60.1** -
Park [35] 2007-2016  Seoul, South Korea, 37°35°N, 127°E, 38 m 279 59.2 80.7** CMR, CK
asl
Radisauskas [16] 1995-2007  Kaunas, Lithuania, 54°54°N, 23°56"E, 47 m 6753 44 5% 57.7%% WHOC
asl
Rumana [36] 1988-2003  Takashima, Japan, 35°21°N, 136°F, 94 m 335 71.7 64.8 WHOC
asl
Sharif Nia [37] 2013-2015  Sari, Iran, 36°33"N 53°E, 32 mas. 6377 - - ECG, CK, T
Spencer [38] 1994-1996  USA 124,239 65.7* 64** -
Spielberg [39] 1980-1988  Dessau, Germany, 51°50°N, 12°14"E,60 m 2906 67.8 60.1 WHOC
asl
Thakur [40] 1979-1983  Patna, India, 25°37°N, 85°08 E, 53 m a.s.| 1217 - - ECG, CK

WHOC World Health Organization Criteria, ECG Electrocardiography, CK Creatine kinase, T Troponin, CMR Cardiovascular magnetic resonance

* s statistics presented separately for groups of different ages, ** is statistics presented separately for men and women, and (-) is no information

is 10-20 hPa higher in winter than in summer, while the
seasonal dynamics of atmospheric pressure variability is
weakly expressed. Relative humidity usually varies from
winter to summer. In Europe, relative humidity is higher
in winter than in summer, while in East Asia, its annual
trend is reversed.

We analyzed a total of 4,096,659 MI cases. The meta-
analysis of the seasonal dynamics of MI showed that MI
more often occurs in winter than in summer and autumn
(»<0.05). Of all MI cases per year, accounting for winter
26.3£2.7%, summer 23.7 +2.5%, spring 25.4+2.6%, and

autumn 24.7 £ 2.3%. The relative risk of MI was higher in
the colder season than in the warmer one (Table 3). The
research results were highly heterogeneous. This can be
explained by different lengths of an observation period,
as well as differences in climatic and socio-economic
conditions.

In all seasons, MI was more common in men (67%)
than in women (33%), in old people (> 65 years old) than
in young and middle-aged people (Table 3). Gender did
not significantly affect the seasonal dynamics of MI risk
(Table 3). According to the results of 7 studies, old age
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Table 2 Seasonal dynamics of meteorological factors in the studied regions (regions are arranged in decreasing order of geographical

latitude)
Regions Air temperature Atmospheric Atmospheric Relative PO,

°C pressure hPa pressure Humidity % g/m?

variability hPa

Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer
Europe
Moscow, Russia —72 196 997 993 1.7 5 88 77 301 272
Kaunas, Lithuania —-27 18.2 1001 1001 11.6 55 90 75 298 274
Dessau, Germany 29 21.6 1001 1000 9.2 4.8 89 72 291 270
Brest, France 7.5 16.6 1006 1004 9.6 5.6 88 85 287 276
Ferrara, Italy 3 23 1012 1007 8.5 38 82 66 295 270
Florence, Italy 8.2 26.5 1011 1006 8.1 3.2 77 67 288 265
Valencia, Spain 128 258 1011 1012 61 67 79 34 283 268
Rhodes, Greece 14.0 269 1012 1003 53 24 76 64 281 264
Asia
Seoul, South Korea —-02 242 1010 994 49 39 54 72 296 262
Sari, Iran 104 29.2 1017 1005 7.0 4.0 58 66 288 262
Takashima, Japan 4 25 1015 1004 5.6 4.1 68 70 295 266
Oita, Japan 8.8 247 1020 1007 49 38 65 78 291 267
Patna, India 19.6 31 1004 989 2.5 22 75 80 273 253
Taipei, Taiwan 15.1 27.7 1016 1001 4.0 4.0 83 78 281 261
Karachi, Pakistan 208 29.6 1009 994 27 23 50 73 274 257
Dhaka, Bangladesh 19.8 293 1008 998 2.7 2.7 67 84 274 258
Gayusan, Taiwan 16 27.6 1013 1002 3.2 35 83 78 279 262
North America
Chicago, USA —-03 248 990 988 8.1 44 73 69 292 262
Dallas, USA 6.9 28.1 995 989 6.8 2.8 66 62 286 259
New Orleans, USA 143 286 1016 1011 57 26 86 90 282 262

insignificantly increased MI risk in the cold season com-
pared to the warmer one (Table 3).

According to the results of our meta-analysis, the sever-
ity of the seasonal dynamics of MI risk depended on the
climate of the region. In a climate with a small amplitude
of annual fluctuations in air temperature, atmospheric
pressure and PO,, as well as in regions where relative
humidity is higher in winter compared to summer, an
increase in MI risk in winter compared to summer was
significant. It was not significant in regions with opposite
climatic tendencies (Figs. 2, 3, 4 and 5). Studies [21, 24,
25, 30, 34, 38] were not included in the meta-analysis of
dependence of MI on the regional climate, since they pre-
sent statistics for the whole country, and not for a specific
region (Table 1).

Discussion

This meta-analysis revealed that MI was more likely to
occur during colder seasons than in warmer seasons,
and the highest MI incidence was observed in win-
ter. The results of our meta-analysis are consistent with

the results of clinical studies in which an association of
an increase in MI risk with a decrease in air tempera-
ture was observed in various climatic zones [7, 40—44].
However, seasonal MI risk was increased in regions with
small differences between winter and summer tempera-
tures. Perhaps this is due to the fact that in regions with
warm winter, central heating is often absent, and for this
reason, people feel better seasonal fluctuations in air
temperature. In addition, besides air temperature, other
meteorological factors (atmospheric pressure, relative
humidity) can also influence seasonal dynamics of MI. A
similar association between blood pressure and air tem-
perature was previously reported [3, 45]. Thus, according
to the results of the meta-analysis [45], in people blood
pressure was higher in the cold season compared to the
warmer one, and the maximum increase in blood pres-
sure in winter was observed in regions with lower annual
fluctuations in air temperature. It confirms dependence
of MI risk on an increase in blood pressure. In addition, it
has been shown that a decrease in air temperature stimu-
lates an increase in hematocrit and cholesterol levels, the
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Table 3 Dependence of myocardial infarction risk on the season
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Compared seasons Number of Total Odds ratio % Overall effect test
studies S
Season 1/ total Season 2 / total 4 P
All
Winter /1,055,200 Summer /969,524 26 4,096,659 1.16[1.08, 1.25] 99 417 0.0001
Winter / 1,055,200 Spring / 1,047,486 25 4,089,906 1.04 [0.98,1.10] 99 1.18 0.24
Winter / 1,055,200 Autumn / 1,023,992 25 4,089,906 1.07[1.03,1.11] 97 363 0.0003
Autumn /1,023,992 Summer / 969,524 25 4,089,906 1.08[1.03,1.14] 99 3.11 0.002
Spring / 1,047,486 Summer / 969,524 25 4,089,906 1.13[1.09,1.18] 98 6.24 0.00001
Spring / 1,047,486 Autumn /1,023,992 25 4,089,906 1.04[1.00, 1.08] 98 197 0.05
Men
Winter / 637,493 Summer /593,271 10 2,494,030 1.14[1.03, 1.26] 100 2.60 0.009
Winter / 637,493 Spring /639818 10 2,494,030 1.03[0.97,1.10] 99 0.93 0.35
Winter / 637,493 Autumn / 623,448 10 2,494,030 1.03 [0.99, 1.06] 96 1.52 0.13
Autumn / 623,448 Summer /593,271 10 2,494,030 1.12[1.03,1.21] 99 275 0.006
Spring /639,818 Summer / 593,271 10 2,494,030 1.10[1.05, 1.16] 98 3.66 0.0003
Spring / 639,818 Autumn / 23,448 10 2,494,030 0.99 [0.94, 1.04] 98 041 0.68
Women
Winter / 388,686 Summer /353,702 10 1,502,478 1.21[1.10,1.34] 99 391 0.0001
Winter / 388,686 Spring / 382,943 10 1,502,478 1.07[1.00, 1.15] 98 1.87 0.06
Winter / 388,686 Autumn / 377,147 10 1,502,478 1.03[0.98,1.07] 96 1.06 0.29
Autumn /377,147 Summer /353,702 10 1,502,478 1.18[1.10, 1.26] 98 449 0.00001
Spring / 382,943 Summer /353,702 10 1,502,478 1.11[1.06,1.17] 97 4.02 0.0001
Spring / 382,943 Autumn / 377,147 10 1,502,478 0.96 [0.90, 1.01] 98 1.53 013
Young and middle-aged people
Winter / 396,959 Summer / 375,442 7 1,562,568 1.19[1.03,1.37] 100 234 0.02
Winter /396,959 Spring /402,294 7 1,562,568 1.021[0.92,1.12] 99 0.32 0.75
Winter /396,959 Autumn /387,873 7 1,562,568 1.03[0.97,1.08] 96 0.99 0.32
Autumn / 387,873 Summer / 375,442 7 1,562,568 1.15[1.03,1.29] 99 243 0.02
Spring / 402,294 Summer / 375,442 7 1,562,568 1.13[1.06, 1.20] 97 3.73 0.0002
Spring / 402,294 Autumn / 387,873 7 1,562,568 1.00[0.93, 1.08] 98 0.04 097
Old people (> 65 years old)
Winter / 514,066 Summer / 457,247 7 1,972,942 1.30[1.14,1.48] 100 3.85 0.0001
Winter / 514,066 Spring / 505,756 7 1,972,942 1.081[0.97,1.21] 99 142 0.16
Winter / 514,066 Autumn /495,873 7 1,972,942 1.07[1.02,1.11] 94 3.02 0.003
Autumn / 495,873 Summer / 457,247 7 1,972,942 1.22[1.09, 1.36] 99 3.50 0.0005
Spring / 505,756 Summer / 457,247 7 1,972,942 1.17[1.12,1.22] 94 7.21 0.00001
Spring / 505,756 Autumn / 495,873 7 1,972,942 0.98 [0.91, 1.06] 99 044 0.66

formation of cholesterol plaques, and their rupture [4,
5, 43]. Shibuya et al. [46] report the worst angiographic
parameters (minimum vessel lumen, maximum lipid
plaque) in patients with acute coronary syndrome in
winter.

It is known that old age increases the reactivity of the
sympathetic nervous system and blood pressure to cold
[3, 47]. In addition, with aging, visceral vasodilation (in
particular, of the coronary vessels) decreases with cooling
[48]. According to our meta-analysis, old age was associ-
ated with a growth of MI cases in all seasons. Besides, in

the cold season, MI risk increased slightly in old people
compared to younger people. Gender did not affect the
seasonal dynamics of MI risk, but MI was more common
in men than in women. It is generally believed that low
Ml risk in women is due to the protective effects of female
sex hormones, but differences in lifestyle (diet, smoking,
alcohol) may also be important [15]. Other authors also
reported that male gender and old age increased MI risk
in cold weather [10, 11, 41, 42, 44, 49]. Moreover, Hong
et al. and Park et al. [24, 35] observed that male gender
increases MI risk in the heat. In addition, the authors [24]
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Climate with At> 20°C

Heyer H.E., 1953 -0.2911 0.0872 86% 0.75[0.63, 0.89)

Kozlovskaia l.L., 2014 0.2246 00132 11.3% 1.25[1.22,1.28) -

Mintz S.5., 1947 01141 0138 6.3% 1.12(0.86,1.47] e

Parkl., 2019 -0.3993 0.2011 4.2% 0.67 [0.45, 0.99) —

Rumana N., 2008 0.4191 01807 4.8% 1.52[1.07,217] —_—

Subtotal (95% CI) 35.0% 1.02[0.77,1.36] e

Heterogeneity: Tau*= 0.09; Chi*= 45.25, df= 4 (P < 0.00001); F=91%

Test for overall effect: Z=0.14 (P = 0.89)

Climate with At<13°C

Didier R., 2020 0.4934 01219 7.0% 1.64[1.29, 2.08] —

Gonzalez Hernandez E., 2004 01039 0.0359 10.7% 1.11[1.03,1.19] -

KhanR.C., 2014 05005 0.0676 9.5% 1.65(1.44,1.88] —

KucC., 1998 -0.1095 01412  B6.1% 0.90(0.68,1.18) f———l—

Lashari M., 2015 0.3221 01522 57% 1.38[1.02,1.86] ——

LinC.C., 2020 01256 00702 9.4% 1.13[0.99, 1.30] [

Moschos N., 2004 0.2111 00933 82% 1.24[1.03,1.48] ——

Thakur C.P., 1987 01377 00928 8.3% 1.15(0.96, 1.38] =

Subtotal (95% CI) 65.0%  1.25[1.09,1.43] <

Heterogeneity: Tau®= 0.03; Chi*= 39.49, df= 7 (P < 0.00001); F=82%

Test for overall effect: Z=3.24 (P = 0.001)

Total (95% CI) 100.0% 1.17 [1.06, 1.29] ’

Heterogeneity: Tau®= 0.02; Chi*= 85.43, df=12 (P < 0.00001); F= 86% 055 047 135 é

Test for overall effect: Z= 3.02 (P = 0.003) [l.vlo're in sdmmer] [More in'winter]

Test for subaroup differences: Chi*=1.60, df=1 (P=0.21), F=37.3%

Fig. 2 Association of seasonal risk of myocardial infarction with air temperature

noted a growth of MI events during summer only in peo-
ple younger than 65 years old.

Similar to MI, IS (ischemic stroke) can be provoked by
fluctuations in blood pressure and blockage of the ves-
sel by thrombus or cholesterol plaque. Previously, it was
shown that the seasonal dynamics of IS depend on the
climate of the region. A drop in atmospheric pressure
and high relative humidity during hot weather were asso-
ciated with an increased IS risk in summer compared to
winter. At the same time, weakly pronounced seasonal
dynamics of the average monthly atmospheric pressure
and high air humidity in winter are associated with a
slight increase in IS risk in winter [50]. It is known that
atmospheric pressure and relative humidity determine
PO, [51], the partial pressure of alveolar oxygen [52], and
the oxygen saturation of hemoglobin [53, 54]. Meteoro-
logical factors, associated with a decrease in PO, and a
shift in IS risk for the summer, weakened the severity of
the seasonal dynamics of MI but usually did not change
the vector of seasonal fluctuations of MI to the oppo-
site. Nevertheless, studies of the relationship of CVE to
decreased oxygen saturation of hemoglobin, for exam-
ple, in apnea or in mountain climates, have shown an
increased risk for both IS and MI [55-58]. On the other
hand, oxygen therapy was found to be more effective in
preventing IS than MI [59, 60]. Probably for this reason,

in the case of MI, an increase in PO, in winter does not
always compensate for the negative effect of a winter
increase in blood pressure and lipid profile parameter (3,
5].

Some authors have associated an increase in CVE risk
in hot weather with an increase in blood viscosity during
hyperthermia [61, 62]. It is known that high hematocrit
can increase the risk of IS and MI by stimulating throm-
bus formation [63-65]. Although elevated sweating dur-
ing heat contributes to hemoconcentration, this may be
offset by increased water intake. Besides, in the Brazilian
study, an association of an increase in thromboembolism
incidents with a decrease in air temperature was revealed
[66]. Moreover, the meta-analysis [4] showed that hema-
tocrit in humans is higher in winter than in summer, and
in regions where atmospheric pressure is significantly
lower in summer compared to winter, summer decrease
in hematocrit is maximal. There are observations that
the initial stage of hypoxia is characterized by a slight
decrease in hematocrit due to a lessening in the cor-
puscular volume of erythrocytes [67]. It has been found
that an increase in hematocrit within the normal range
improves the supply of oxygen to organs [68, 69].

It is known that atmospheric pressure drop is also asso-
ciated with the risk of thrombus formation. A 10 hPa
decrease in atmospheric pressure has been shown to
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Fig. 3 Association of seasonal risk of myocardial infarction with atmospheric pressure
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Fig. 5 Association of seasonal risk of myocardial infarction with partial density of oxygen in air

increase the relative risk of deep vein thrombosis by 2.1%
[70]. There is an observation that hypobaric exposure
activates coagulation [71]. However, based on the results
of publications [72-75] included in the meta-analysis
Zhao et al. [76], investigating the seasonal dynamics of
thromboembolism, it can be concluded that in regions
with low atmospheric pressure in summer (China,
Korea), thromboembolism occurs more often in winter
than in summer. It was shown that in addition to cho-
lesterol and hematocrit, levels of blood coagulation fac-
tors increase in winter compared to summer [77-79].
As a result, summer drop in atmospheric pressure, most
likely, increases the risk of CVE associated with ischemia,
not activating thrombus formation, but causing a decline
in PO,, which decreases even more by heat and high
humidity. It should be noted that high relative humidity
in winter can increase the feeling of cold and promote
CVE risk.

The regularities of the effect of circannual fluctua-
tions in atmospheric pressure on the seasonal dynam-
ics of CVE associated with ischemia that we discovered
allow us to explain the contradictions between the
results of clinical observations carried out in different
climatic zones. For example, in Oita and Seoul, where
in summer compared to winter, atmospheric pressure
drops significantly and air humidity increases, heat

provokes MI [8, 35]. At the same time, in Moscow and
Florence, hot weather is not usually accompanied by
atmospheric pressure drop and not associated with an
increase in MI events [9, 11].

Conclusions

In our meta-analysis, the relative MI risk was higher
in colder compared to warmer seasons. Based on the
literature data, it is obvious that the seasonal MI risk
is associated with circannual changes in biochemical
and physiological parameters (Table 4). Old age insig-
nificantly increased the seasonal MI risk; gender did
not affect the seasonal dynamics of MI, but MI was
more common in men than in women. The severity of
the seasonal dynamics of MI risk depended on the cli-
mate of the region (Table 4). In a climate with a small
amplitude of circannual fluctuations in air temperature,
atmospheric pressure, and partial oxygen density in the
air, as well as in regions where air humidity is higher in
winter than in summer, an increase in MI risk in win-
ter compared to summer was significant. It was not
significant in regions with opposite climatic tendencies
(Table 4). Based on the results of our studies, it can be
concluded that a decrease in air temperature increases
in MI risk, in addition, hypoxia in the hot season can
provoke CVE associated with ischemia.
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Table 4 Factors determining the seasonal
infarction

(2022) 74:84

risk of myocardial

Winter

Summer

Seasonal changes in biochemical and physiologi-
cal parameters:

Increase in blood pressure

Increase in lipid profile parameters

Increase in hematocrit

Increase in thrombosis

Meteorological factors:

Low air temperature

Small amplitude of annual fluctuations in air
temperature

High relative humidity

Small amplitude of annual fluctuations in atmos-
pheric pressure

Small amplitude of annual fluctuations in PO,

Seasonal changes

in biochemical and
physiological param-
eters:

Decrease in hema-
tocrit

Decrease in blood
oxygen saturation

Meteorological
factors:

High air temperature
Large amplitude of
annual fluctuations
in air temperature
High relative humid-
ity

Significant drop in
atmospheric pres-
sure

Large amplitude

of annual fluctua-
tions in atmospheric
pressure

Significant drop in
PO,

Large amplitude of
annual fluctuations

in PO,
Other factors: Other factors:
Male gender Male gender
Old age Old age
Limitation

The limitation of the meta-analysis that affects the
final result may be such factors as different length of
the observation period in different publications, dif-
ferent sample size when comparing subgroups, high
heterogeneity of results. In addition, in the absence of
meteorological data regarding the period of a study,
we considered a period of 10 years. This may have led
to insufficient accuracy in the processing of meteoro-
logical data in such cases. However, it is known that
seasonal trends in meteorological factors are quite sta-
ble within climatic zones. In this meta-analysis, when
studying MI risk from a climate of a region, we com-
pared only two seasons, winter and summer, since the
meteorological conditions in these seasons are as stable
and contrasting as possible. It is rather difficult to take
into account the peculiarities of weather conditions in
spring and autumn in a meta-analysis, but it is possible
in clinical observations.

We did not take into account lifestyle factors (diet,
alcohol consumption, physical activity, holidays, fasts)
and outbreaks of respiratory viral infections, which may
be important for MI risk [33, 80, 81]. However, studies of
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seasonal MI risk during the COVID-19 pandemic (2020-
2022) were not included in our meta-analysis.
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