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Abstract

:

In the Russian Federation, multiple sclerosis prevalence rates vary from 10 to 80 cases per 100,000, depending on region and the nationality of the population. The main characteristics of multiple sclerosis epidemiology in the XX century in this big territory are: (1) steady increase in multiple sclerosis prevalence and incidence rates, maybe because of better diagnosis and treatment, but also changes in environmental/epigenetic risk profile and/or lifestyle factors; (2) increase of the female to male ratio, increase in multiple sclerosis incidence mainly in females; (3) appearance and increasing frequency of multiple sclerosis in ethnic groups, previously free of multiple sclerosis (Northern Tribes, Yakuts and others). The latest data show that in European Russia, the multiple sclerosis prevalence varies from 30 to 80 cases, in Siberia—from 20 to 70 cases, with steady increases, especially in women.
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1. Introduction


Multiple sclerosis (MS) is characterized by uneven distribution worldwide, with increasing prevalence and incidence indexes in many countries [1]. The Russian Federation is located on area of 17,000,000 km2, where 191 ethnic groups live. Previous reviews of epidemiology of MS in Russia were published at the end of previous century, with some recent additions [2,3,4]. Although the methodology of epidemiological studies has improved significantly in recent years, many of them still do not provide sufficient data for analysis.



The majority of studies were published only in Russian. The objective for this review was to evaluate temporary changes in the prevalence of MS in various regions of the Russian Federation over a period of 30 years—from 1988 to 2018. Special attention is planned to be paid to the ratio of female to male (F/M) and ethnic origin of patients.




2. Materials and Methods


According to the All-Russian National Bibliography, 328 articles on the clinical epidemiology of MS in the Russian Federation were published from 1988 up to now, including data collected from the late 1980s to 2018. All articles and abstracts were in Russian and mainly based on hospital cases, or had some problems in the calculation of widely used epidemiological indexes. The majority of studies used Poser criteria for MS diagnosis; only McDonald criteria of the last 10 years were dominating [5,6]. We selected the most qualified studies performed during this period, using these diagnostic criteria of MS, validated in Russia [7]. One hundred and thirty-nine publications were selected, some of which did not contain sufficient data. Finally, only 69 articles and theses with data from 40 studies (some of them in dynamics) were finally included in this review (Figure 1). We used only the average annual rates of prevalence and incidence rate among these populations at different time periods.




3. Results


3.1. European Russia


At the Northern Regions of the European part of Russia in the 1980s and 1990s, the prevalence of MS was near 30–40 cases per 100,000 population. In the Leningrad Region, the prevalence of MS was 28.8 cases per 100,000 population, with the incidence ratio varying from 0.9 in 1990 to 2.2 cases per 100,000 population in 1994 [8,9]. Later, in the Smolensk Region, the prevalence of MS at 2006–2008 was 47.4 cases per 100,000 population, reaching a maximum in the Glinkovsky district of the Region—up to 73.2 cases. For the F/M ratio, there was, on average, 1.6. For the period 2005–2010, the average annual prevalence of MS there reached 55.4 cases and the incidence rate—4.5 cases per 100,000 population with F/M ratio 1.6 [10,11]. The prevalence of MS in the Republic of Karelia for the period 2013–2018 was 61.2 cases per 100,000 population, the average annual incidence—2.7 cases per 100,000 population [12].



In the Central regions of European Russia, MS prevalence was 36 cases per 100,000 population in the Nizhny Novgorod Region, and 61 cases—in the Ryazan Region [13,14]. In the city of Nizhny Novgorod, the prevalence of MS in 2000–2002 was reported to be 38 cases per 100,000 population with F/M ratio of 1.7. The average annual incidence rate was 1.6 cases per 100,000 population [15]. In the Kaluga region in 2009–2012, MS prevalence was 54.7 cases per 100,000 population, with F/M ratio of 2.03 [16]. A longitudinal study in the Yaroslavl Region showed an increase in the prevalence rates from 42.6 cases per 100,000 population in 2004 to 56.2 cases per 100,000 population in 2015 and 78.5 cases in 2019. The incidence increased from 0.51 in 1975 to 1.58 in 2015 and 3.28 in 2019 [17,18,19,20].



In the Moscow Region in 2001–2005, the MS prevalence rates were 28.7–31.8 cases per 100,000 population, with a F/M ratio of 2.0 and an incidence rate of 2.1–2.6 cases per 100,000 population [21,22,23]. In Moscow, the first epidemiological population-based study conducted in 1989–1993 (Central District of Moscow, 120,000 inhabitants) showed the rate of MS prevalence—44.8 cases per 100,000 population with mean incidence rate—3.39 [3]. The next study, covering the period from 2008 to 2012, was carried out in another district of Moscow (North-Western District, 927,000 inhabitants). The data obtained were standardized for the European population. At this period the annual prevalence rate of MS was 55.6 per 100,000 population (the standardized rate—48.2) with a F/M ratio 2.6 and mean incidence rate—2.16 (the standardized index—1.88) [24,25].



In the South-Western Bryansk Region, the prevalence of MS increased from 40.6 cases in 2004–2008 to 48.1 cases per 100,000 population in 2012–2016. The average incidence rate in 2012–2016 was 1.9 cases, and F/M ratio—3.0 [26,27]. In the city of Orel, the prevalence of MS for the year 1995–2000 was 40.4 cases, incidence—1.45 cases per 100,000 population [28]. In the Kursk Region, the epidemiological study in 2015 showed a relatively high MS prevalence, with an average rate of 78.4 cases per 100,000 population (89.2 for towns and 63.2 for rural areas). The highest rates were in the towns of Sudzha (157.3) and Shigry (154.1), the lowest in Kurchatov (21.5) and Timskyi (26.7 cases per 100,000 population) rural districts [29]. In another study in the city of Kursk, the authors obtained similar indexes—the annual MS prevalence was 70.8 cases and incidence was 3.75 cases per 100,000 population [30].



Representatives of various ethnic groups of both Slavic and Turkic origin live in the Upper and Middle Volga region. MS prevalence rates there increased at the end of the last century. For example, in the Chuvash Republic, it was 19 cases in 1984–1990 and 31 cases per 100,000 population—in 1998–2002 [31,32]. A comparative analysis of the average annual indexes for one region of this Republic over 25 years of observation showed that MS prevalence increased from 16.7 cases in 1978, up to 37.6 cases in 2002 [33].



In the Republic of Tatarstan, the annual MS prevalence and incidence rates per 100,000 population was 32.0 and 3.3 in 1999, 34.0 and 5.0 in 2000, 36.7 and 5.5 in 2010. The dominating ethnic groups there are of Turkish origin. The prevalence rate in the capital of the Republic Kazan City was 34.9 cases per 100,000 population, with F/M ratio 2.4 [34]. The prevalence of MS at the neighboring Republic of Bashkiria (Bashkortostan) in 1999–2006 was 35.3 cases per 100,000 population (the standardized rate—31.9 cases per 100,000 population). MS was registered in the native ethnic group Bashkirs (Turks) 4 times less often than in the Tatars, and 2.5 times less often than in the Russians. MS incidence rate was 3.5 cases per 100,000 population [35]. A separate study conducted at the capital of the Republic, Ufa in 2010–2016 showed an increase in the prevalence of MS from 34.5 to 46.5 per 100,000 population [36]. In 2015, a local register of MS patients was created in this Republic. According to this register, the MS prevalence rate in 2008 was 31.3, the incidence rate was 1.0, and in 2018—47.9 and 3.0 cases per 100,000 population [37]. The authors proposed that the increase in MS frequency had been associated with both improved diagnostics plus the wide use of magnetic resonance imaging (MRI) and a true increase in MS incidence due to changing environmental factors.



The southern regions of European Russia traditionally have a great mix of ethnic groups with low MS frequency. In the Stavropol territory with a predominantly Russian population, the MS prevalence in 1986–1991 was 23.8 cases per 100,000 population. In the North-Western steppe areas of the region—32.8 cases, in the Central, Eastern and mountainous southern areas—22 cases [38]. The highest MS prevalence rate among the indigenous population at this time was observed in the small republics of the North Caucasus such as the Karachay-Cherkess Republic—16.9 cases [38]. In the neighboring Rostov region, also with a predominantly Russian population, in 2002–2006, the MS prevalence was 24.6 cases, and the incidence was 1.7 cases per 100,000 population. In the largest city of the region, Rostov-on-Don, the prevalence rate reached 26.3 cases per 100,000 population [39,40]. Later, another study in the same population showed that in 2016–2018, the MS prevalence in this city was 55 cases per 100,000 population, which was more than twice as high as in 2006. The authors also explained the detected increase in prevalence to both better diagnostics and increased activity of environmental factors [41,42,43]. The first epidemiological study in the Volgograd region in 1996–2000 showed that the MS annual prevalence was 31.9 cases, and the incidence was 9.8 per 100,000 population [44,45]. The highest rates were observed in ecologically unfavorable areas of the region—up to 52.4 cases per 100,000 population. The authors explained the higher incidence rate during this period by the optimization of medical care for MS with the organization of the MS center in Volgograd.



The mountainous territories of the North Caucasus are traditionally considered to be a low-risk area for MS development. The MS prevalence rate was 2–3 times higher in Russians born and living there than in the indigenous peoples of the Caucasus. Lower MS prevalence rates were found among representatives of the North Caucasian ethnic groups: the Chechens—13.7, the Circassians—8.0, Avars—14.6 cases per 100,000 population [46,47,48,49,50]. In the Republic of Dagestan, 2000–2004, MS prevalence rate was 5.7 per 100,000 population, and the incidence rate was 0.2 cases per 100,000 population, with a F/M ratio of 1.2 [47]. In the Republic of Ingushetia, the annual MS prevalence in 2010–2015 was 13.2 cases, and the incidence was 1.76 cases per 100,000 population. At the same time, the MS prevalence among the Russians living there was 45.0 cases, and among the Chechens—15.2 cases per 100,000 population. The average annual MS prevalence among the urban population was significantly higher (22.3) than among the rural population (6.3 cases per 100,000 population). The maximum prevalence was registered in the capital of the Republic, the city of Nazran—31.2 cases, and the minimum—in rural mountainous areas and the city of Karabulak—15.8 cases per 100,000 population [51,52]. In the Kabardino-Balkar Republic in 2006–2010, the prevalence in the capital city of Nalchik was 13.0, in 2010—13.7 cases per 100,000 population. In 2010, the MS prevalence among the Russians living in Nalchik was 34.3 cases per 100,000 population. At the same time, in rural areas of this Republic, the MS prevalence among the Russian population was 1.73 times lower than in the city of Nalchik (19.8 cases). The following study analyzing the MS epidemiology in the same population in 2012–2017 showed that the MS incidence rate was 1.9 cases per 100,000 population, with F/M ratio of 3.0 [49,50].




3.2. Ural Region


In the Ural region between Europe and Asia, MS prevalence rates at the beginning of this century ranged from 30 to 60 cases per 100,000 population. Later, in the Perm Territory in 2007–2011, the MS prevalence was 35.1 cases per 100,000 population, and the MS incidence increased from 3.2 in 1997 to 4.1 cases per 100,000 population in 2011 [53]. In the city of Chelyabinsk, located in the southern part of the Ural Mountains, the MS prevalence rate in 2005–2009 was 50.7 cases per 1,000,000 population [54].




3.3. Asian Russia


In Siberia, in 1994–1999, the MS incidence was highest in the largest city in the region Novosibirsk —2.6 cases per 100,000 population. Data from a 20-year prospective study of the population of this city showed an increase in annual prevalence rates per 100,000 population from 29.2 cases in 1994 to 54.4 in 2003, with incidence rates of 1.59 and 2.37 [55]. The first epidemiological study of MS in the Tyumen region showed that the MS prevalence rate in 2001–2006 was 24.8 cases per 100,000 population in the South area of this region, the highest level in the city of Tyumen—33.6 cases. The average MS incidence rate in this period was 2.5. The prevalence of MS in Northern Tribes was significantly lower in the Khanty ethnic group—5.8, in the Komi-Zyryansk group—16.2 cases per 100,000 population of this ethnic group [56,57,58]. The second analysis was carried out in the same population in 2014–2017, which revealed an increase in the MS prevalence up to 43.0 cases per 100,000 population. In 2017, the incidence rate increased to 4.0. The average F/M ratio was 2.4 [59,60]. The MS prevalence in the Khanty-Mansi Autonomous District in 2015–2018 reached 45.9 cases, the incidence—3.22, the F/M ratio—1.96. Among the indigenous population of the Khanty ethnic group, the MS prevalence in this period was still only 5.2 cases per 100,000 people of this ethnic group [61]. In the Tomsk Region in 2000–2004, the MS prevalence was 27.1 cases per 100,000 population, the standardized rate was 24.0 [62]. Later, in 2006–2010 in this region, the MS incidence was recorded at the level of 2.9 cases per 100,000 population. The F/M ratio increased from 1.5 to 2.0 [63].



Results of an epidemiological study of MS in the Altai Territory from 2010 to 2018 showed that MS prevalence rates increased from 41.2 to 56.3 per 100,000 population. There was 1.8 times higher MS prevalence in the cities of this region compared to the rural districts, F/M ratio was about 2.0. The incidence was 1.1 cases in 1998–2009 and 2.6—in 2010–2017. In some areas of this region, the prevalence of MS was relatively high, with more than 60 cases per 100,000 population—the town of Tselinny (75.4), the town of Mamontovsky (74.3 cases). In other areas, mainly rural, the MS prevalence was significantly lower; less than 10 cases per 100,000 population. The authors proposed the location of chemical and oil-processing enterprises in the territories with high rates, as well as the influence of environmental features of the urban environment, to be the possible reasons for this difference in the prevalence rates across the territories of the region with the same quality of medical care [64,65]. In the city of Irkutsk near the great lake Baikal in 2001–2005, the annual MS prevalence was 26.5 cases per 100,000 population, with F/M ratio 1.85 [66].



The first cases of MS in the native population of Siberia (the Yakuts) were identified in 1992–1995. The total MS prevalence there did not exceed 2 cases per 100,000 population; the majority of patients were Russian [67]. The first detailed analysis of MS epidemiology in the Sakha-Yakutia Republic was conducted in 2001–2006. MS prevalence was 22.5 per 100,000 population (standardized value was 21.2), and the MS incidence was 2.5 per 100,000 population (standardized value was 2.2). In the Russians, the MS prevalence was 36.1, incidence was 3.8, and in the Yakuts—13.4 and 1.8 for 100,000 population of this ethnicity, correspondingly. Average F/M ratio was 2.7, 2.4 in the Russians and significantly higher in the Yakuts—7.0 [68,69]. The second epidemiological study was carried out in 2008–2016. MS prevalence rate in this period increased to 30.3 cases per 100,000 population. The area with the highest risk of MS included the Oymyakonsky district (“Cold Pole”) with the MS prevalence 52.2 per 100,000 population. In the city of Yakutsk, the MS prevalence was 43.7 cases per 100,000 population. The authors noted a constant increase in the number of cases of MS, both among the Russians (prevalence 71.0 and incidence 2.8) and in the native population of the Yakuts—22.4 and 0.7 per 100,000 population [70]. The latest MS prevalence data in 2016–2018 showed the average MS prevalence there—34.2 per 100,000 population, reaching 57.3 among the European ethnic group (the Russians, the Ukrainians, the Germans etc.) [71]



In the Far East Region, the study of MS epidemiology in 1990s in the Amur Region with totally migrated population showed that the highest rates were in the Southern and some Central areas of this region, where the MS prevalence exceeded 50, and the MS incidence was more than 3 cases per 100,000 population. In Blagoveshchensk, the MS prevalence was 54.3 and incidence was 3.87 cases, in the Mikhailovsky district—58.3 and 4.26 per 100,000 population, correspondingly [72]. In the Northern mountainous districts, these ratios significantly decreased by up to 6.31 and 0.78 in the Tynda district. Notably, 80% of MS patients living in this area were from the 3rd and 4th generations of immigrants, i.e., their parents were indigenous residents of these places. At the same time in the city of Khabarovsk, the MS prevalence reached 40.5 with incidence—2.9 cases per year [73,74]. The study of MS epidemiology in the Far East regions in 2005–2010 showed the MS incidence in 3.95 cases per 100,000 population. In the Sakhalin Island, the F/M was 1.35 and in the Kamchatka Half-Island, it was 2.6. The underestimation of MS cases in the Northern area of the Far East with very low density of population in early 2000s could be explained by worse diagnoses, which was improved after organization of MS Centers with MRI after 2010 [75]. The latest published data showed the uneven frequencies of MS in this territory. MS prevalence and incidence rates were 23.4 and 1.1 per 1,000,000 population in the Primorye Territory, 33.0 and 4.15—in the Sakhalin Island, 30.1 and 3.48—in the Khabarovsk Territory, 31.4 and 1.54—in the Amur Region [76,76].



This section is divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation as well as the experimental conclusions that can be drawn.





4. Discussion


The main characteristics of MS epidemiology in various regions of the Russian Federation are:



– steady increase in MS prevalence and incidence rate, maybe due to better diagnosis and treatment, as well as changes in environmental/epigenetic risk profile and/or lifestyle factors;



– increase of the F/M ratio everywhere. The observed rise in F/M ratio cannot be easily explained by genetics or by new diagnostic technologies or increased awareness, which would apply to both sexes. Results of numerous population-based studies in different parts of the world and the meta-analyses suggest that the recent increase of MS incidence provide some evidence that this has primarily resulted from an increase in the incidence of MS among women [77,78,79,80,81,82];



– MS is registered now in all ethnic groups, though among Asian and Northern tribes, previously free of MS, the MS prevalence ratios are rapidly increasing. This was also seen within native Africans, the Maori population in New Zealand, and others ethnic groups [83,84].



Some possible factors that could contribute to this change are epigenetic/environmental risk/lifestyle factors or endocrine changes. The rise in the incidence and prevalence of MS in the world in the past decades paralleled the rapid socioeconomic development, urbanization, and westernization, which was marked by radical change in dietary and lifestyle habits. The industrial revolution and the contemporary age in Western countries gave rise to the fast-food industry and the widespread consumption of excessive salt, refined vegetable oils, and sugars and also led to reduced physical activity, exposure to artificial light at atypical biological times, and insufficient and poor-quality sleep [85,86,87,88]. The influence of other environmental factors, such as Epstein–Barr infection, vitamin D levels, smoking, obesity, and geographical location, changes in micro (in families) and macro levels (on population level) might cause epigenetic modification of predisposition. Vitamin D deficit due to spending less time outside and closed clothes, smoking and changes in diet, as well as the wide use of antibiotics, and the modulating microbiome could influence microRNA levels, DNA methylation and histone modification [89,90]. These epigenetic mechanisms are different and could depend on different factors [90].



Results of the main and latest studies are presented in Table 1 and on the map of the Russian Federation (Figure 2 and Figure 3).
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Figure 1. Methodology of the data selection. 
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Figure 2. The latest data on MS prevalence per 100,000 population in regions of the Russian Federation. 
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Figure 3. The latest data on MS incidence per 100,000 population in regions of the Russian Federation. 
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Table 1. Data from the recent epidemiological studies of multiple sclerosis (MS) in the Russian Federation by major regions (standardized values in square brackets).
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Region, Republic

	
Years

	
Prevalence per 100,000 Population (Standardized)

	
Incidence per 100,000 Population (Standardized)

	
F/M Ratio

	
Authors






	
European Russia




	
Leningrad Region

	
1990–1994

	
28.8

	
2.2

	
–

	
Zaslavskyi, 2001 [9]




	
Smolensk Region

	
2006–2008

2005–2010

	
47.4

55.4

	
–

4.5

	
1.6

1.6

	
Maslova & Pysina, 2008 [10]

Pysina, 2009 [11]




	
Republic of Karelia

	
2013–2018

	
61.2

	
2.7

	
–

	
Sirenev, 2019 [12]




	
Nizhny Novgorod Region

Nizhny Novgorod City

	
1990–1992

2000–2002

	
36.0

38.0

	
–

1.6

	
–

1.7

	
Melnikova, 1992 [13]

Kim, 2004 [15]




	
Ryazan Region

	
1990–1994

	
61.0

	
–

	
–

	
Leonov, 1995 [14]




	
Kaluga Region

	
2009–2012

	
54.7

	

	
2.03

	
Maslova, 2014 [16]




	
Yaroslavl Region

	
1994–2000

2010–2015

2015–2019

	
42.6

56.2

78.5

	
–

1.58

3.28

	
–

–

–

	
Spirin, 2003 [17]

Kachura, 2008 [19]

Spirin, 2020 [20]




	
Moscow Region

	
2001–2005

	
31.8

28.7

	
2.1

2.6

	
2.0

1.9

	
Lizhdvoy, 2006 [21]

Sergeev, 2009 [22]; Kotov, 2012 [23]




	
Moscow City Central Part

North-West

	
1989–1993

2008–2012

	
44.8

55.6 [48.2]

	
3.39

2.16 [1.88]

	
–

2.6

	
Gusev, 2002 [3]

Boiko 2013, 2014 [24,25]




	
Bryansk Region

	
2008

2012–2016

	
40.6

48.1

	
–

1.9

	
–

3.0

	
Khudyakova & Gribova, 2009 [26]

Yurchenko, 2016 [27]




	
Orel City

	
1995–2000

	
40.4

	
1.45

	
–

	
Khoroshilova, 2005 [28]




	
Kursk Region

Kursk City

	
2015

2011–2015

	
78.4

70.8

	
–

3.75

	
–

–

	
Laskov, 2017 [29]

Gridnev, 2017 [30]




	
Chuvashia Republic

	
1984–1990

1998–2002

2002

	
19.0

31.0

37.6

	
–

1.6

2.57

	
–

–

–

	
Kuzmin & Egorova, 1995 [31]

Sharov, 2004 [32]

Egorova, 2004 [33]




	
Tatarstan Republic

Kazan City

	
1999

2000

2010

2010

	
32.0

34.0

36.7

34.9

	
3.3

5.0

5.5

–

	
–

–

–

2.4

	
Khabirov, 2013 [34]




	
Bashkortostan Republic

Ufa City

	
1999–2006

2018

2010–2016

	
35.3 [31.9]

47.9

46.5

	
3.5

3.0

–

	
–

–

–

	
Bakhtiyarova & Magzhanov, 2006 [35]

Bakhtiyarova, 2019 [37]

Bakhtiyarova & Goncharova, 2014 [36]




	
Stavropol Territory

	
1986–1991

	
23.8

	
–

	
–

	
Shevchenko, 1995 [38]




	
Karachay-Cherkessia Republic

	
1981–1991

	
16.9

	
–

	
–

	
Shevchenko, 1995 [38]




	
Rostov Region

Rostov-on-Don City

	
2002–2006

2002–2006

2016–2018

	
24.6

26.3

55.0

	
1.7

1.7

1.6

	
–

–

–

	
Melnikova, 2008 [39],

Goncharova, 2010 [40],

Goncharova, 2019 [43]




	
Volgograd Region

	
1996–2000

	
31.9

	
9.8

	
–

	
Dokuchaeva, 2006 [44]




	
Dagestan Republic

	
2000–2004

	
5.7

	
0.2

	
1.2

	
Aysaeva, 2010 [47]




	
Ingushetia Republic

Nazran City

	
2010–2015

2010–2015

	
13.2

31.2

	
1.76

–

	
–

–

	
Goncharova & Uzhachov, 2018 [51]




	
Kabardino–Balkaria Republic, Nalchik

	
2010–2006

2010

2012–2017

	
13.0

34.3

–

	
1.76

–

1.9

	
–

–

3.0

	
Zikhova, 2013 [49]

Zikhova, 2019 [50]




	
Chelyabinsk City

	
2005–2009

	
50.7

	
–

	
–

	
Nikolaeva, 2010 [54]




	
Perm Territory

	
2007–2011

	
35.1

	
4.1

	
–

	
Zhelnin, 2013 [53]




	
Asian Russia




	
Novosibirsk City



	
1994–1999

1999–2003

	
29.2

54.4

	
1.59

2.37

	
–

–

	
Malkova, 2005 [55]




	
Tyumen Region

Tyumen City

	
2001–2006

2014–2017

2001–2006

	
24.8

43.0

33.6

	
2.5

4.0

–

	
–

2.4

–

	
Sivertseva, 2006, 2009 [56,57,59]

Sivertseva, 2010, 2017, 2018 [58,59,60]




	
Khanty-Mansi Autonomous Okrug

	
2015–2018

	
45.9

	
3.22

	
1.96

	
Sokolova & Dydymov, 2018 [61]




	
Tomsk Region

	
2000–2004

2006–2010

	
27.1 [24.0]

–

	
–

2.9

	
1.5

2.0

	
Titova, 2004 [62]

Alifirova, 2017 [63]




	
Altay

Territory

	
2010

2018

	
41.2

56.3

	
1.1

2.6

	
–

2.0

	
Smagina, 2010 [64]

Smagina, 2019 [65]




	
Iirlutsk City

	
2001–2005

	
26.5

	
–

	
1.85

	
Skliarenko, 2008 [66]




	
Sakha-Yakutia Republic

Yakutsk City

	
2001–2006

2008–2016

2016–2018

2016

	
22.5 [21.2]

30.3

34.2

43.7

	
2.5 [2.2]

1.6

–

–

	
2.7

–

–

–

	
Minurova, 2008 [69]

Popova, 2017 [70]

Nikolaeva, 2019 [71]

Popova, 2017 [70]




	
Amur Region

Blagoveshensk

	
1985–1998

2005–2010

	
54.3

31.4

	
3.87

1.54

	
–

–

	
Karnaukh, 2009 [73]

Karnaukh, 2019 [76]




	
Khabarovsk City

	
1985–1998

2018

	
40.5

30.1

	
2.90

3.48

	
–

–

	
Karnaukh, 2011 [74]

Karnaukh, 2019 [76]




	
Vladivostok City

	
2005–2010

	
–

	
2.50

	
–

	
Gavrilenko, 2012 [75]




	
Sakhalin Island

	
2005–2010

2018

	
–

30.1

	
3.95

3.48

	
1.35

–

	
Gavrilenko, 2012 [75]

Karnaukh, 2019 [76]




	
Kamchatka Half-Island

	
2005–2010

	
–

	
2.60

	
–

	
Gavrilenko, 2012 [75]




	
Primorsky Territory

	
2018

	
33.0

	
4.15

	
–

	
Karnaukh, 2019 [76]
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