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Abstract. The problem of the high mortality rate, in comparison with countries with similar living standards, is ex-
tremely urgent in Russia. It is especially noticeable at the regional level, where differences in mortality and its struc-
ture are enormous. The regions of Russia are at different stages of epidemiological transition. This is expressed in
differences in their mortality rates and differences in the structure of causes of death. The regions and largest cities
of the country are sometimes diverge radically, which greatly complicates research. This paper presents a typology
of regions and large cities of the Russian Federation according to the main classes of causes of death in 2015 and its
cartography. The spatial features of mortality according to the main causes of death are determined separately for
men and women. The assessment was carried out using classification by demographic indicators (causes of mortal-
ity: some infectious and parasitic diseases; tumours; diseases of the circulatory system; respiratory diseases; dis-
eases of the digestive system; external causes of death). The dataset included 250 territorial units: 85 regions
(including cities of federal significance) and 165 large cities with populations of over 100,000. Based on the primary
statistics, standardised mortality rates were calculated. The classification was carried out according to an algorithm
developed by one of the authors. The classification presented allows us to highlight the specific characteristics of in-

1 Background

To date, many studies have shown persistent or
growing inequalities in public health indicators
between upper and lower socioeconomic groups,
between countries, and within them (Mackenbach et
al. 2015, Author 2016, Mackenbach et al. 2008). As a
rule, people with a lower level of education or lower
professional qualifications and income die at a young-
er age; in these population groups, the prevalence of
diseases and injuries is significantly higher (World
Health Organization 2008, Mackenbach 2006). Al-
though Russia has been characterised in recent years
by decreasing mortality rates for almost all the main
classes of causes of death (with the exception of tu-
mours), the problems of great spatial inequalities in

dividual groups of regions and analyse them with a greater degree of accuracy.
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public health (16 years between the highest and lowest
regional indicators of life expectancy) gender differ-
ences (in 2016, the gap between the life expectancy of
men and women was 10.5 years) and difference
between groups with different levels of education
(Shkolnikov et al. 2004) are among the highest in the
world. With current economic living standards in Rus-
sia, life expectancy may be significantly higher, and
inequality lower. In 2015, life expectancy for both Rus-
sia and Moscow was lower than expectations based on
the Preston curve by 6.5 years and 4.9 years, respect-
ively (Shkolnikov et al. 2019). Vishnevsky, Andreev,
and Timonin believe that high premature mortality
from diseases of the circulatory system (Vishnevsky et
al. 2016) and its long-term adverse dynamics is one of
the main reasons why Russia lags behind other
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SaZetak. U Rusiji je evidentan problem visoke stope smrtnosti u usporedbi sa zemljama sa slicnim Zivotnim standardom.
To se posebno uocava na regionalnoj razini gdje su razlike u smrtnosti i strukturi smrtnosti ogromne. Regije Rusije nalaze
se u razli¢itim fazama epidemiolo3ke tranzicije. To se izraZava u razlikama u njihovoj stopi smrtnosti i razlikama u struk-
turi uzroka smrti. Regije i najvecéi gradovi zemlje ponekad se radikalno razilaze, Sto uvelike komplicira istraZivanje. Ovaj rad
predstavlja tipologiju regija i velikih gradova Ruske Federacije prema glavnim klasama uzroka smrti u 2015. godini i nji-
hove kartografske prikaze. Prostorne se znaGajke smrtnosti prema glavnim uzrocima smrti odreduju odvojeno za mu-
Skarce i Zene. Procjena je izvrSena klasifikacijom prema demografskim pokazateljima (uzroci smrtnosti: neke zarazne i
parazitske bolesti; tumori; bolesti krvoZilnog sustava; bolesti diSnog sustava; bolesti probavnog sustava; vanjski uzroci
smrti). Skup podataka obuhvacéao je 250 teritorijalnih jedinica: 85 regija (ukljuCujuci gradove od saveznog znacaja) i 165
velikih gradova s populacijom ve¢om o 100 000. Na temelju primarne statistike izraunane su standardizirane stope
smrtnosti. Klasifikacija je provedena prema algoritmu koji je razvio jedan od autora. Prikazana nam klasifikacija omogu-

Cuje isticanje specificnih karakteristika pojedinih skupina regija i analizu s vecim stupnjem tocnosti.

Kljuéne rijegi: ruske regije, stopa smrtnosti, uzroci smrti, tipologija, kartografija

1. Uvod

Do danas su mnoga istrazivanja pokazala trajne ili
rastuce nejednakosti u pokazateljima javnoga zdrav-
lja izmedu gornjih i donjih socioekonomskih skupina,
izmedu zemalja i unutar njih (Mackenbach i sur. 2015,
Autor 2016, Mackenbach i sur. 2008). U pravilu, ljudi s
niZom razinom obrazovanja ili niZom stru¢nom spre-
mom i primanjima umiru u mladoj dobi. U tim je po-
pulacijskim skupinama prevalencija bolesti i ozljeda
znatno veda (World Health Organization 2008, Mac-
kenbach 2006). Iako je Rusija posljednjih godina ka-
rakterizirana smanjenjem stope smrtnosti za gotovo
sve glavne klase uzroka smrti (s izuzetkom tumora),
problemi velikih prostornih nejednakosti u javnom
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zdravstvu (16 godina izmedu najviSeg i najniZeg regi-
onalnog pokazatelja olekivanog trajanja Zivota), raz-
like u spolu (u 2016. je razlika izmedu ocekivanog Zi-
votnog vijeka muskaraca i Zena bila 10,5 godina) i
razlike izmedu skupina s razli¢itim stupnjem obrazo-
vanja (Shkolnikov i sur. 2004) medu najvi§ima su na
svijetu. S trenutnim ekonomskim Zivotnim standar-
dom u Rusiji o¢ekivano trajanje Zivota moZe biti znat-
no vele, a nejednakost manja. U 2015. godini trajanje
Zivota i za Rusiju i za Moskvu bilo je niZe od ocekivanja
na osnovu Prestonove krivulje za 6,5, odnosno 4,9 go-
dina (Shkolnikov i sur. 2019). ViSnjevski, Andrejev i
Timonin smatraju da je visoka prijevremena smrtnost
od bolesti krvoZilnog sustava (Vishnevsky i sur. 2016) i
njezina dugotrajna nepovoljna dinamika jedan od
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Fig. 1 Federal subjects of Russia.
Slika 1. Savezne teritorijalne jedinice Rusije.

developed countries in terms of life expectancy. An-
other factor in the shortness of life expectancy com-
pared to countries with a similar level of GDP per
capita is high mortality from external causes in the
working age population (Shkolnikov et al. 2019).

In this regard, studying regional inequality in
causes of death is an urgent task. The purpose of this
study is to understand regional patterns of mortality
in Russia better by analysing the inter-regional in-
equality of mortality within the country and compiling
an appropriate mathematical classification. This will
highlight the leading regional factors which are ag-
gravating spatial inequality in public health in Russia.

2 Methods

The assessment was carried out using estimated
classifications by demographic indicators. The study
was based on data on mortality rates published in

“Regions of Russia” and “Demographic Yearbook of Rus-
sia” by the Federal State Statistics Service (Rosstat). A
database of cities of the Russian Federation for 2011-
2015 was created according to information provided by
Rosstat upon request. The dataset included 250 territori-
al units: 85 regions (including cities of federal signific-
ance) and 165 large cities with populations of over
100,000 (Figure 1). Data on cities were not excluded from
regional statistics. This was done intentionally since the
analysis was not carried out for all cities, but only for
some of the largest, which would not have provided a
clear picture of the urban/rural population.

The selection of indicators for the database was
carried out based on the tenth revision of the Interna-
tional Classification of Diseases (ICD-10). Altogether,
306 causes of death were analysed, including disease
classes according to ICD-10 and individual nosological
entities. Consequently, 140 causes of death were selec-

ted and included in the database. They were of prime
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glavnih razloga zbog kojega Rusija zaostaje za osta-
lim razvijenim zemljama u pogledu ocekivanog tra-
janja Zivota. Jo$ je jedan ¢imbenik kratkoce ocekiva-
nog trajanja Zivota u usporedbi sa zemljama sa
sli¢cnom razinom BDP-a po stanovniku - visoka smrt-
nost od vanjskih uzroka radno sposobnog stanovnis-
tva (Shkolnikov i sur. 2019).

S tim u vezi, proucavanje regionalne nejednakos-
ti u uzrocima smrti hitan je zadatak. Svrha je ove
studije bolje razumjeti regionalne obrasce smrtnosti
u Rusiji analizom meduregionalne nejednakosti
smrtnosti u zemlji i sastavljanjem odgovarajuée ma-
tematicke klasifikacije. To e istaknuti vodeée regi-
onalne ¢imbenike koji pogorsavaju prostornu neje-
dnakost u javnom zdravstvu u Rusiji.

2. Metode

Procjena je provedena s pomocu procijenjenih kla-
sifikacija prema demografskim pokazateljima. Studija
se temelji na podatcima o stopama smrtnosti objavlje-
nima u publikacijama ,Regije Rusije” i ,,Demografski
godi$njak Rusije* Federalne drzavne sluzbe za statisti-
ku (Rosstat). Baza podataka gradova Ruske Federacije
za razdoblje 2011-2015 izradena je prema podatcima
koje je Rosstat dostavio na zahtjev. Skup podataka
obuhvadao je 250 teritorijalnih jedinica: 85 regija
(uklju¢ujuéi gradove od saveznog znacaja) i 165 velikih
gradova s populacijom ve¢om od 100 000 (slika 1). Po-
datci o gradovima nisu iskljuCeni iz regionalne statisti-
ke. To je u¢injeno namjerno jer analiza nije provedena
za sve gradove, ve¢ samo za neke od najvecih, $to ne bi
dalo jasnu sliku urbanog / ruralnog stanovnistva.

Odabir pokazatelja za bazu podataka proveden je
na temelju desete revizije Medunarodne klasifikacije
bolesti (International Classification of Diseases — ICD-
10). Ukupno je analizirano 306 uzroka smrti, ukljucu-
judi klase bolesti prema ICD-10 i pojedinacne nozolo-
Ske cjeline. Slijedom toga, odabrano je i u bazu
podataka ukljuceno 140 uzroka smrti. Oni su bili od iz-
nimne vaznosti u provodenju medicinsko-geografske
analize zdravstvenog stanja gradskog stanovnistva.

Na temelju primarne statistike, a koristeéi europ-
sku normu Svjetske zdravstvene organizacije iz 1975.
godine, izraunane su normirane stope smrtnosti.
Upotrijebljena je izravna metoda standardizacije
(Practical demography 2005, Denisenko i sur. 2009).
Da bi se odredili izvedeni pokazatelji, razvijen je algo-
ritam za automatizirano ralunanje standardiziranih
medicinsko-demografskih pokazatelja s pomoéu MS
VisualFoxPro 9.0 DBMS-a. Razvijeni program omogu-
¢uje odabir Zeljene kombinacije (godina, uzrok smrti,
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dobna skupina, spol itd.) i naknadni izlaz MS Excel
tablica koje sadrZe dobnu stopu smrtnosti, standar-
diziranu stopu smrtnosti, donju i gornju granicu po-
uzdanosti, interval i duljinu intervala pouzdanosti.

Dakle, obrada primarnog materijala omoguéila nam
je dobivanje podataka koji predstavljaju dobni sastav
stanovniStva u petogodi$njim skupinama, smrtnost iz
razloga koji odgovaraju klasama bolesti prema ICD-10 i
nekoliko patologija za muskarce i Zene odvojeno.

Na temelju dobivenih pokazatelja (6 vrsta uzroka
smrti: neke zarazne i parazitske bolesti, tumori, bo-
lesti krvoZilnog sustava, bolesti diSnog sustava, bolesti
probavnog sustava, vanjski uzroci smrti) provedena je
klasifikacija prema algoritmu razvijenom od jednog
od autora (Autor 1997).

U primijenjenom tipoloskom algoritmu, cjelo-
kupni se skup parametara za bilo koju teritorijalnu
jedinicu (TU) oznadava s X = {x,,...,x,}, gdje je x, i-ti
TU, N broj TU-ova. Poletne su TU predstavljene u
obliku matrice TU-znakova koja odrazava mjerenje
pokazatelja na TU i sadrZi retke i stupce:

0l A
Xl ......
(1) (M)
X= =|x X = )
7 M () M ’
y ( ) TR U )
N .
Ay )
gdje
X; :(xfl), v xl(M))— i-ti TU u M-dimenzionalnom

prostoru parametara ' '
x0 - j-ti parametar, x) =(x\7), ., x{/) )

XSJ)— vrijednost j-tog parametra i-te TU,

i€ {1..N}je (1M}

Sljedeca faza klasifikacije TU-ova je predradnja
koja ukljuéuje normalizaciju, odredivanje teZina i
smanjenje dimenzionalnosti. Normalizacija je pro-
vedena prema varijanci i matemati¢kom ocekivanju.
Svrha normalizacije bila je dovesti svaki pokazatelj u
standardni oblik (kao rezultat, matemati¢ko o&eki-
vanje bilo kojeg pokazatelja postaje jednako nuli, a
varijanca jednaka jedinici). Neka je:

() _ 1N

X =

N i=1x(jj) - procjena matematickog oceki-

vanja j-tog parametra, a
var(x(j))zlzN @ -3") _ procjena vari-
N i=1""J P )

jance j-tog parametra.
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importance in conducting a medical-geographical
analysis of the health status of the urban population.

Based on the primary statistics, standardised mor-
tality rates were calculated using the 1975 World Health
Organization European standard. The direct standard-
isation method was used (Practical demography 2005,
Denisenko et.al. 2009). To determine the derived indic-
ators, an algorithm for the automated calculation of
standardised medico-demographic indicators using MS
VisualFoxPro 9.0 DBMS was developed. The programme
developed allows selecting the desired combination
(year, cause of death, age group, gender, etc.) and the
subsequent output of MS Excel tables containing the
age-specific mortality rate, standardised mortality rate,
lower and upper boundaries of the confidence interval,
and the length of the confidence interval.

Thus, processing the primary material allowed us
to obtain data representing the age composition of
the population in 5-year groups, mortality for reas-
ons corresponding to the classes of diseases accord-
ing to ICD-10, and several pathologies for men and
women separately.

Based on the obtained indicators (6 types of
causes of death: some infectious and parasitic dis-
eases; tumours; diseases of the circulatory system,;
respiratory diseases; diseases of the digestive sys-
tem; external causes of death) classification was car-
ried out according to an algorithm developed by one
of the authors (Author 1997).

In the applied typological algorithm, the entire set
of parameters for any territorial unit (TU) is denoted
by X = {x,, ..., x,}, where x, i-th TU, N the number of TU.
The initial TUs are represented in the form of a TU-
sign matrix, which reflects the measurement of indic-
ators on a TU and contains rows and columns:

o L0 (M)

X1 X1 X1
2 T PR
(1) (M)
X= X = )
’ 1 ) M ’
) A YR
N OB (M)
where

_(,@ (M)
xi_(xi 7 e X )- i-th TU in M-dimensional

space of parameters
X0)- j-th parameter, x/) = ( - xﬁ,))),
ng)_ the value of j-th parameter of i-th TU,
ie{l,..N},je {1,..M}.

The next stage of TU classification is pre-treatment,
including normalisation, weighing, and dimensionality

reduction. Normalisation was carried out according to
the variance and mathematical expectation. The pur-
pose of this normalisation was to bring each indicator
to a standard form (as a result, the mathematical ex-
pectation of any indicator becomes equal to zero, and
the variance equal to one). Let:

- _1 NO)
X —EZI _1Xj - be the assessment of mathemat-

ical expectation of j-th parameter, and
D)= LSV (0 0
var(x )— Nzl 1( 7 —x

of variance of j-th parameter.
Then normalisation means the recalculation

- be the assessment

' X(j) _;{(j)
X =2 —Vje{l, .., M},ie{l, .., N} ,ie.
var(x)
A = - (j)
=X, A= var(x ) .

The next step includes the application of the princip-
al component method. This method solves the problem
of searching based on the existing system of attributes
that describe a TU. The method of principal components
should be used to correct the original feature spagé.éis-
torted by mutual correlations, reduce the amount of
stored data without losing a significant part of informa-
tion about the TU, visualize the TU in the feature space
(for example, by displaying the TU in the form of points
on a plane) and revealing hidden indicators, reflecting
the essence of the process or phenomenon.

The simplest is the geometric interpretation of the
principal component method. In a multidimensional
parameter space, the TUs are considered as points
whose cloud geometric arrangement, in the case of
normal distribution, resembles an M-dimensional el-
lipsoid. The main axes of the imaginary ellipsoid are
treated as the new parameters, sorted in the descend-
ing order of TU dispersion along the axes.

The most general relation is used to calculate the
distance for M quantitative parameters:

Xl,x \/ZX 1 (x) (X))

Our classifications aimed to obtain homogeneous
TU groups in M-dimensional attribute space, i.e. pos-
sible "types" of TU. For this, the largest distance was se-
lected from the obtained Euclidean distances, and the
two territorial units that it connected became the nuc-
lei of homogeneous clusters. Clusters were formed by
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Slika 2. Tipologija po klasama uzroka smrti i prosje¢nim vrijednostima vrsta, za muskarce 2015.
Fig. 2 Typology by classes of causes of death and average values of types, for males 2015.

Normalizacija znacdi ponovno ratunanje
NENG) _)—((j)

W=l = _Vjell, .., M},ie{l, .., N}, 4.

var(x)

A, 3V

, A= var(x(j)) .

Sljedeéi korak uklju¢uje primjenu metode glavne
komponente. Ta metoda rjeSava problem pretrazi-
vanja na temelju postojeeg sustava atributa koji
opisuju TU-ove. Metodu glavnih komponenata treba
koristiti za ispravljanje izvornog prostora znacajki
iskrivljenog medusobnim korelacijama, smanjenje
koli¢ine pohranjenih podataka bez gubitka znacaj-
nog dijela podataka o TU-ovima, vizualizaciju TU-
ova u prostoru znacajki (na primjer, prikazivanjem
TU-ova u obliku tocaka u ravnini) i otkrivaju skrive-
ne pokazatelje koji odrazavaju bit procesa ili pojave.

Najjednostavnija je geometrijska interpretacija
metode glavnih komponenata. U viSedimenzional-
nom prostoru parametara TU-ovi se smatraju tocka-
ma Ciji geometrijski raspored oblaka, u slucaju
normalne raspodjele, nalikuje M-dimenzionalnom
elipsoidu. Glavne se osi zamisljenog elipsoida treti-
raju kao novi parametri poredani silaznim redoslije-
dom disperzije TU-ova uzduz osi.
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Najopéenitiji se odnos koristi za raunanje uda-
ljenosti za M kvantitativnih parametara:

(1, ) = (4 P

Cilj je nasih klasifikacija bio dobiti homogene skupi-
ne TU-ova u M-dimenzionalnom prostoru atributa, tj.
mogude "tipove" TU-ova. Za to je odabrana najveca od
dobivenih euklidskih udaljenosti, a dvije su teritorijal-
ne jedinice koje je povezao postale jezgre homogenih
nakupina. Klasteri su nastali raspodjelom preostalih te-
ritorija izmedu dviju jezgri prema minimalnim euklid-
skim udaljenostima. U slucaju dodjele veéeg broja
klastera, za odredivanje treée jezgre i svih sljededih,
svaka je preostala teritorijalna jedinica zamijenjena u
obliku jezgre, a ostatak raspodijeljen izmedu triju jezgri
prema minimalnoj udaljenosti. Postupak za odrediva-
nje Cetvrte jezgre i formiranje tipologije s Cetirima ti-
povima bio je slican prethodno opisanom, do maksi-
malno mogude vrijednosti naznacene unaprijed t,,, i
sli¢cno minimalnoj vrijednostit,_; .

Rezultirajudi se broj grupiranja moZe analizirati
apsolutnim i relativnim koeficijentima heterogenos-
ti i na taj nalin moZemo odabrati optimalan broj
klastera:
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the distribution of the remaining territories between
the two cores according to the minimum Euclidean dis-
tances. In the case of the allocation of a larger number
of clusters, to determine the third core and all sub-
sequent ones, each remaining territorial unit was
substituted in the form of a core, and the rest distrib-
uted between the three cores according to the minim-
um distance. The procedure for determining the 4th
core and the formation of a typology with 4 types was
similar to that described above, to the maximum pos-
sible value specified in advance t_,, and similarly
with the minimum value t_, . The resulting number of
groupings can be analysed by the absolute and relat-
ive heterogeneity coefficients and, thus, we can
choose the optimal number of clusters:

2 1/2
100{2)112;:12?:1[ Zzl(xip_xjp) i| Iik[jk}

Ak - . . ) 1/2 ’
Z::|: p=1(xip _XJP) :|
k=t ins tin + Lo tax
K n n P 2 1/2
100 Zk—12]—12i—1{ p:l(xip _XJ'P) } IikIjk
O = ,

2 1/2
fofzrjzlz?:l{ Z:l(xip_xjp) :| Tyl

k=t i tmin + e trnax — 1

where k is the number of identified groups, p is the
number of the orthogonalised coefficients to calcu-
late distances, t,_;, t, .. toiw tnax are the maximum
and the minimum number of groups, Il is the in-
dicator (binary), pointing to the presence (1) or ab-
sence (0) of TUs in group k.

A sharp increase in A, or 0, with a decrease in the
number of identifiable clusters, indicates the increase in
heterogeneity within the identified clusters, while a
smooth increase in the coefficients is a sign of uniform
increase. The threshold followed by a sharp increase in
heterogeneity can be taken optimally as the final number
of clusters. In our analysis, the isolation of five clusters in
all calculations turned out to be optimal (Author 1997).

As aresult of the classification of cities and regions
of Russia, five large groups (macrotypes) were identi-
tied for men and for women. At the same time, two
macrotypes can be characterised as extremes - they
included a very small number of regions (often only

70

one region). The remaining macrotypes were too
large for detailed analysis. Therefore, for the other
three macrotypes, the classification algorithm was
repeated separately for each, to distinguish subtypes.

3 Results

As aresult of the two-stage classification of the causes
of mortality in large cities and regions of Russia, 5
macrotypes were obtained for men and women. For
men, 12 subtypes were distinguished, and 10 subtypes for
women (Figures 2 and 4). Based on the results obtained,
maps were prepared (Figures 3 and 5). Maps legends
were made in different, but adjacent colours, to emphas-
ise that the types for men and women were not the same,
but that there were some general trends. For men, more
shades of red were used to show that their level was
worse than that of women. The size of the charts corres-
ponded to the total mortality in the subgroups, for men
and women on the same scale, which allowed them to be
compared visually. Let us examine the situation among
men and women separately in more detail.

As mentioned above, two macrotypes of male mor-
tality can be attributed to extremes. Macrotype Nel is
characterised by minimum mortality values for all ana-
lysed indicators and includes only one region, the Re-
public of Ingushetia. Macrotype Ne5, on the other hand,
is a representative of the maximum mortality values
for all indicators. It also includes only one region, the
Republic of Tuva. This may be due to the actual situ-
ation in the regions and the peculiarities of collecting
statistical material. An explanation of this issue re-
quires a more detailed local study of these regions at
the municipal district level.

Macrotype No2 is generally low in all-male mortality
indicators. Most regions of this macrotype are in the
central part of European Russia. They include primarily
Moscow and the Moscow region, the Republic of Mor-
dovia and Tatarstan. Outside European Russia, only the
Yamal-Nenets, Khanty-Mansi Autonomous Okrug, and
Republic of Yakutia belong to this macrotype. It is inter-
esting to trace the internal heterogeneity of mortality
rates in this macrotype. According to the classification
algorithm used, four subtypes can be distinguished,
which combine 94 territorial units.

The first subtype is characterised by the lowest rates
within the group for all the considered causes of death
and includes the Republic of Dagestan with the cities of
Derbent, Kaspiysk, Makhachkala, Khasavyurt, the cit-
ies of the Stavropol Territory (Essentuki and Kislov-
odsk) and the city of Moscow. The remaining three
types, against the background of low mortality rates in
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Slika 4. Tipologija po klasama uzroka smrti i prosjecnim vrijednostima vrsta, za Zene 2015.
Fig. 4 Typology by classes of causes of death and average values of types, for females 2015.

general, are distinguished by slightly higher values
for some reason.

The second subtype is specific for increased mor-
tality from infectious diseases. Regions of this type
are located mainly in the North Caucasus (Krasnodar
Territory, Kabardino-Balkarian, Karachay-Cherkess,
and Chechen Republics, Rostov Region), while the
Khanty-Mansiysk District with all its major cities and
the city of Anadyr belong to the same type.

The third subtype of macrotype Ne2 is characterized
by increased mortality from diseases of the respirat-
ory system, digestive system, and external causes. It
includes the Astrakhan region, the Republic of
Kalmykia, Lipetsk, Tambov regions, and the Republic
of Mordovia, as well as the Kaliningrad region. It
should be noted that this group includes only one
city in the Russian Far East - Vladivostok.

Despite a significant decrease in mortality from ex-
ternal causes over the past decade, this category re-
mains one of the top causes of death in Russia. In
comparison to other developed and emerging coun-
tries, Russia has a substantially higher level of external
causes of death (Rybakovsky et al. 2017). In particular,
this problem concerns premature deaths among the
working age population. At the same time, there is a
convergence between regions in terms of mortality
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from external causes, while the interregional diver-
gence of trends is mainly determined by cardiovas-
cular diseases (Timonin et al. 2017).

The mortality rates from homicide and suicide have
shown a steady decline since the 2000s. Another group
of causes of death, injuries of undetermined intent, is
growing rapidly and since 2014 has exceeded the total
mortality rate from homicides and suicides (Yumaguzin
and Vinnik 2019). Repetskaya (2019) has shown that re-
corded homicides account for only 20% of actual hom-
icides. As a result, the real data on homicides and
suicides is underestimated. Mortality from ill-defined
conditions in Russia also has the fastest rate of increase
compared to all other major causes of death. Insufficient
investigation of the circumstances of the deaths of so-
cially isolated people contributes to trends observed in
mortality from ill-defined conditions (Gavrilova et al.
2008). This can lead to the underestimation of mortality
from external causes.

Traditionally, alcohol consumption is considered a
risk factor for increased mortality from external causes
in Russia (Brainerd and Cutler 2005). For example, Rus-
sia had more than ten times the rate of male alcohol-at-
tributable premature deaths compared with Sweden
(Rehm et al. 2007). Despite the decline in alcohol-related
mortality, alcohol is still the leading cause of the high
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gdje je k broj identificiranih skupina, p broj ortogo-
naliziranih koeficijenata za izra¢unavanje udalje-
nosti, t ..t t .t  maksimalnii minimalni broj
grupa, I, indikator (binarni) koji ukazuje na prisut-
nost (1) ili odsutnost (0) TU-a u grupi k.

Nagli porast A, ili 0, uz smanjenje broja prepoz-
natljivih klastera ukazuje na porast heterogenosti
unutar identificiranih klastera, dok je glatko pove-
¢anje koeficijenata znak jednolikog poveéanja.

Prag praen naglim porastom heterogenosti mo-
Ze se optimalno uzeti kao konaéni broj klastera. U
nasoj se analizi izolacija pet klastera u svim proracu-
nima pokazala optimalnom (Autor 1997).

Kao rezultat klasifikacije gradova i regija Rusije
identificirano je pet velikih skupina (makrotipova) za
muskarce i za Zene. Istodobno, dva se makrotipa mogu
okarakterizirati kao ekstremi - obuhvadali su vrlo
mali broj regija (Cesto samo jednu regiju). Preostali su
makrotipovi bili preveliki za detaljnu analizu. Stoga se
za ostala tri makrotipa, kako bi se razlikovali podtipo-
vi, algoritam klasifikacije ponovio za svaki zasebno.

3. Rezultati

Kao rezultat dvostupanjske klasifikacije uzroka
smrtnosti u velikim gradovima i regijama Rusije, dobi-
veno je 5 makrotipova za muskarce i Zene. Za muskarce
je izdvojeno 12, a za Zene 10 podtipova (slike 2 i 4). Na
temelju dobivenih rezultata pripremljene su karte (sli-
ke 31 5). Tumadi znakova na kartama izradeni su u raz-
li¢itim, ali susjednim bojama kako bi se naglasilo da
tipovi za muskarce i Zene nisu isti, ali da postoje neki
op¢i trendovi. Za muskarce se koristilo viSe nijansi cr-
vene da bi se pokazalo da je njihova razina losija od one
u Zena. Veli¢ina grafikona odgovara ukupnoj smrtnosti
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u podskupinama, za muskarce i Zene na istoj ljestvici,
$to omogucava vizualnu usporedbu. Ispitajmo detaljnije
i zasebno situaciju medu muskarcima i Zenama.

Kao $to je prije spomenuto, dva se makrotipa muske
smrtnosti mogu pripisati krajnostima. Makrotip Ne1 ka-
rakteriziraju minimalne vrijednosti smrtnosti za sve
analizirane pokazatelje i ukljuCuje samo jednu regiju -
Republiku Ingusetiju. Makrotip Ne5, s druge je strane,
predstavnik maksimalnih vrijednosti smrtnosti za sve
pokazatelje. Takoder ukljucuje samo jednu regiju - Re-
publiku Tuvu. To je moZda zbog stvarne situacije u re-
gijama i osobitosti prikupljanja statistickog materijala.
Objasnjenje toga pitanja zahtijeva detaljnije lokalno
proucavanje tih regija na razini opéinskog okruga.

Makrotip Ne2 opéenito je nizak u pokazateljima smrt-
nosti svih muskaraca. Veéina se regija toga makrotipa
nalazi u sredi$njem dijelu europske Rusije. Ukljucuju
prvenstveno Moskvu i Moskovsku regiju, Republiku
Mordoviju i Tatarstan. Izvan europske Rusije tom ma-
krotipu pripadaju samo Jamalskonenecki i Hantijsko-
Mansijki autonomni okruzi i Jakutska Republika. Za-
nimljivo je pratiti unutarnju heterogenost stopa
smrtnosti kod toga makrotipa. Prema upotrijebljenom
algoritmu klasifikacije mogu se razlikovati Cetiri podti-
pa koji kombiniraju 94 teritorijalne jedinice.

Prvi podtip karakteriziraju najniZe stope unutar
skupine za sve razmatrane uzroke smrti i ukljucuje
Republiku Dagestan s gradovima Derbent, Kaspijsk,
Mahackala, Hasavjurt, gradove teritorija Stavropol
(Jesentuki i Kislovodsk) i grad Moskvu. Preostala tri
tipa, u pozadini opéenito niskih stopa smrtnosti, iz
nekog se razloga odlikuju nesto veéim vrijednostima.

Drugi je podtip specifi¢an za poveéanu smrtnost
od zaraznih bolesti. Regije toga tipa uglavnom se na-
laze na Sjevernom Kavkazu (Krasnodarski teritorij,
Kabardino-Balkarska, Karalajsko-Cerkeska i Cecen-
ska Republika, Rostovska regija), dok Hantijsko-
Mansijski okrug sa svim svojim veéim gradovima i
grad Anadir pripadaju istom tipu.

Treci podtip makrotipa Ne2 karakterizira poveéana
smrtnost od bolesti diSnog sustava, probavnog sus-
tava i vanjskih uzroka. Obuhvada regiju Astrahan,
Republiku Kalmikiju, Lipeck, Tambov i Republiku
Mordoviju, kao i Kalinjingradsku regiju. Treba napo-
menuti da ta skupina sadrzi samo jedan grad na ru-
skom Dalekom istoku - Vladivostok.

Unato¢ znacajnom smanjenju smrtnosti od vanj-
skih uzroka tijekom proteklog desetljela, ta je kate-
gorija i dalje jedan od glavnih uzroka smrti u Rusiji. U
usporedbi s drugim razvijenim zemljama i zemljama
u razvoju, Rusija ima znatno vi$u razinu vanjskih uz-
roka smrti (Rybakovsky i sur. 2017). Taj se problem
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risk of premature death among Russian adults (Zaridze
et al. 2014). This risk factor is characterised by signific-
ant fluctuations over time. For example, the strongest
negative correlation between changes in life expect-
ancy and alcohol poisoning was found between 1984
and 2003. From 2003 to 2017, a consistent positive life
expectancy trend was statistically independent of alco-
hol poisoning (Danilova et al. 2020). Hot spots of alcohol-
related mortality mainly located in the territories of
north-western and western Russia (Grigoriev et al.
2020). Despite the positive trends, these changes have
not yet been sufficient to change radically the situation
regarding external causes of death.

The fourth subtype is characterised by increased
mortality from tumours and diseases of the circulat-
ory system. It includes the Stavropol Territory with
the cities of Stavropol and Pyatigorsk, and the Mo-
scow Region with the cities nearest to the capital -
Korolev, Mpytishchi, Odintsovo, Podolsk and Ra-
menskoye. Of the remaining regions of the Russian
Federation, only five regions belong to this subtype:
the Republic of Adygea and the Belgorod region (with
Belgorod and Stary Oskol), the Republic of Tatarstan
(with Kazan, Naberezhnye Chelny, Nizhnekamsk), the
Yamalo-Nenets Autonomous Okrug, and the Republic
of Sakha. In addition, some cities in the southern re-
gions are attributed to this type: Grozny, Volgodonsk
and Taganrog. The only northern city of this type is
Severodvinsk in the Arkhangelsk region, and the most
eastern cities are Novy Urengoy, Yakutsk and Seversk
in Tomsk region.

The macrotypes Ne3 and Ne4 are generally close in
terms of their average mortality rates, which is quite
high. However, macrotype Ne4 is sharply distinguished
by a higher mortality rate from infectious diseases (if
we exclude the values of macrotype Nes, these are the
maximum mortality values for the entire sample). This
is most clearly demonstrated in the third subtype,
which includes three regions of the Urals and Siberia:
sverdlovsk, Irkutsk region (including the cities of
Irkutsk and Bratsk) and Kemerovo region (including
the city of Prokopyevsk), as well as one part of the
Volga region - Samara (including Samara, Novokuyby-
shevsk, Syzran and Tolyatti). This corresponds quite
well to the distribution of mortality from tuberculosis,
one of the main causes of death from infectious dis-
eases in the territory of the Russian Federation. The first
subtype of macrotype Ne4 is distinguished by the highest
mortality rates from tumours among all the selected
groups. Only the Altai Territory and the cities of
Chelyabinsk, Salavat (Republic of Bashkiria), Noyabrsk
(Yamalo-Nenets Autonomous Area), and Angarsk
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(Irkutsk Region) belong to it. This macrotype in-
cludes other Ural (Chelyabinsk and Kurgan regions)
and Siberian (Novosibirsk region and Krasnoyarsk
Territory) regions. In general, this is a fairly small
macrotype in composition, uniting only 43 analysed
administrative units, predominantly the regions and
cities of the Urals and Siberia.

Macrotype Ne3 is the most differentiated: in total,
five subtypes were distinguished. Of greatest interest
is its first subtype, characterised by high mortality
from respiratory diseases and external causes. It in-
cludes the Jewish Autonomous Region with Biro-
bidzhan, Trans-Baikal Territory, the Altai Republic,
Buryatia, and the Chukotka Autonomous Region.

Next, the fifth subtype should be distinguished,
characterised by high mortality from diseases of the
circulatory system and uniting the regions and cities
of the European North (Arkhangelsk, Kostroma, Mu-
rmansk, Pskov regions, Nenets Autonomous Okrug,
the Republic of Karelia and Komi) and the Russian
Far East (Kamchatka, Khabarovsk Territory and the
Magadan region).

Finally, the third subtype is characterised by high
rates of mortality from diseases of the digestive sys-
tem, also uniting the regions and cities of European
Russia (Yaroslavl, Vladimir, Ivanovo, Tula regions,
the Republic of Mari El, Udmurtia and Chuvash) and
the Russian Far East (Amur and Sakhalin regions).

In general, it can be noted that macrotype Ne3 in-
cludes regions characterised by the most unfavour-
able situation in terms of mortality for almost all the
reasons analysed, except mortality from infectious
diseases. This is the most prevalent macrotype and
covers 116 analysed cities and regions.

It is interesting to note that macrotypes No2 and Ne4
are mainly characterised by the coincidence of the
current mortality situation in the region and its cities.
However, there are exceptions. So, the Moscow region
is distinguished by significant spatial differentiation.

The difference in mortality between cities and re-
gions is more noticeable in macrotype Ne3. A striking
example is Primorsky Krai, where the nearby cities of
Artem, Ussuriysk, Nakhodka, and Vladivostok belong
to completely different types of mortality.

Next, we consider the situation with mortality
among women. Here we can distinguish only one
macrotype related to extrema. This is macrotype Nes,
where extremely high mortality rates from all the
causes considered are recorded. Again, this macrotype
includes only one region - the Republic of Tuva.

Macrotype Nel unites the regions and cities with the

lowest female mortality for all reasons. The first subtype
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of this macrotype is noteworthy, because it is char-
acterised by minimal mortality rates for all reasons
and increased mortality from respiratory diseases.
This type includes only the Republic of Dagestan
with the cities of Makhachkala and Derbent, and the
city of Nazran (Republic of Ingushetia).

The second and third subtypes of macrotype Nel
form two equal groups according to the number of
territorial objects included (42 and 41, respectively).
The second subtype is characterised by slightly higher
mortality rates from diseases of the digestive system
and external causes. It includes only cities and re-
gions of the European part, stretching from the Re-
public of Kalmykia and the Krasnodar Territory to
the Smolensk and Yaroslavl Regions in the north and
the Republic of Bashkortostan in the east. In general,
macrotype Nel is characterised by territorial confine-
ment to the European part of the Russian Federation.
Beyond it, low mortality rates are observed only in
the regions of oil and gas production and in some
large cities.

The third subtype, besides the background of low
mortality rates, is characterised by a predominance
of mortality from tumours and diseases of the circu-
latory system. These are the republics of the North
Caucasus - Ingushetia, Kabardino-Balkar, Karachay-
Cherkess, North Ossetia and Adygea, and the Stavro-
pol Territory and Rostov Region. The Belgorod re-
gion with the city of Belgorod, the region that should
probably be recognised as the most prominent in
terms of mortality among women among the Euro-
pean regions of the Russian Federation, as well as the
oil and gas production region, the Khanty-Mansi
Autonomous Okrug, with all its major cities and the
city of Tyumen, belong to the same type. Many cities
in the European part of the Russian Federation be-
long to this type; not only the cities of the North
Caucasus but also the southern European part (As-
trakhan and Taganrog), the Volga region (Kazan,
NaberezhnyeChelny and Nizhnekamsk), and Mo-
scow with adjacent Balashikha and Korolev. It should
be noted that some cities have severe climatic condi-
tions - NovyUrengoy and Yakutsk.

Macrotypes MNe2 and MNe3 combine territorial
groups with predominantly high mortality rates.
Moreover, they are very close to each other in
terms of mortality from tumours, diseases of the
circulatory system, and respiratory diseases, but
differ from each other in mortality from infectious
diseases, digestive diseases, and external causes.
Macrotype Ne3 is distinguished by rather low mor-
tality from infectious diseases and lower mortality
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from diseases of the digestive system and external
causes than macrotype Ne2.

The first subtype of macrotype Ne3 is characterized by
low mortality rates from respiratory diseases against
the background of rather high mortality rates from tu-
mours and diseases of the circulatory system and in-
cludes 31 subjects. These are the regions within the
European part of the Russian Federation - Vologda,
Murmansk, Nizhny Novgorod, Oryol, Ulyanovsk Re-
gions, and the Republics of Chechen and Crimea. Among
the cities belonging to this type outside European Rus-
sia, Barnaul and Novosibirsk should be noted.

The second subtype includes a slightly larger number
of subjects (38) characterised by a rather high mortal-
ity rate from diseases of the digestive system and ex-
ternal causes. These are not only European regions,
but also the territories of Siberia and the Russian Far
East — Novosibirsk Region, the Republic of Yakutia,
Kamchatka Territory, and Petropavlovsk-Kamchatsky.
St. Petersburg and many cities in the Moscow region
(Domodedovo, Kolomna, Mytishchi, Noginsk and
Odintsovo) and the Russian Far East (Blagoveshchensk
and Vladivostok) should be noted.

The third subtype of macrotype Ne3 includes only three
cities - Grozny, Krasnodar, and Anadyr. In terms of mor-
tality from tumours, circulatory system diseases, and
respiratory diseases, this subtype is close to macrotype
Ne4, characterised by high mortality rates from all
causes. However, lower mortality rates from infectious
diseases, diseases of the digestive system, and external
causes do not allow it to be attributed to this macrotype.

In macrotype No2, the fourth subtype (high mortality
rates from tumours, circulatory system diseases, res-
piratory and digestive organs) includes four regions
that are not geographically related to each other
(Vladimir, Tomsk Regions, Krasnoyarsk and Primorsky
Territories) and 15 cities. These are many industrial
cities (Achinsk, Angarsk and Krasnoyarsk), cities with
severe climatic conditions (Magadan and Chita), and
also the cities of the Moscow region (Orekhovo-Zuevo,
Pushkino, Sergiev-Posad and Schelkovo), as well as
Simferopol (Republic of Crimea). This type, along with
macrotype Ned, can be described as the most unfavour-
able in terms of mortality among women.

It is interesting to note that the third subtype,
macrotype Ne2, is characterised by a high mortality
rate from infectious diseases and external causes. It is
confined mainly to the territory of Siberia (Trans-Baikal
Territory, Irkutsk (including Irkutsk, Bratsk), Kemerovo
(including Novokuznetsk, Prokopyevsk), Omsk Region,
Altai Republic and Buryatia), the Urals (Kurgan, Sverd-
lovsk Region (including Nizhny Tagil, Pervouralsk), and
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posebno odnosi na prijevremene smrti medu radno
sposobnim stanovniStvom. Istodobno, postoji ko-
nvergencija medu regijama u smislu smrtnosti od
vanjskih uzroka, dok su meduregionalne razlike u
trendovima uglavnom odredene kardiovaskularnim
bolestima (Timonin i sur. 2017).

Stope smrtnosti od ubojstava i samoubojstava poka-
zuju stalni pad od 2000-ih. Druga skupina uzroka smrti,
ozljede neodredene namjere, brzo raste i 2014. je pre-
masila ukupnu stopu smrtnosti od ubojstava i samo-
ubojstava (Yumaguzin i Vinnik 2019). Repetskaya (2019)
je pokazala da evidentirana ubojstva Cine samo 20%
stvarnih ubojstava. Zbog toga su stvarni podaci o uboj-
stvima i samoubojstvima podcijenjeni. Smrtnost iz lose
definiranih uvjeta u Rusiji takoder ima najbrzi rast u us-
poredbi sa svim ostalim glavnim uzrocima smrti. Nedo-
voljna istraga okolnosti smrti socijalno izoliranih osoba
pridonosi trendovima smrtnosti iz loSe definiranih
uvjeta (Gavrilova i sur. 2008). To moZe dovesti do pod-
cjenjivanja smrtnosti iz vanjskih uzroka.

Tradicionalno se u Rusiji konzumacija alkohola
smatra ¢imbenikom rizika za poveéanu smrtnost od
vanjskih uzroka (Brainerd i Cutler 2005). Tako je Rusi-
ja imala viSe od deset puta veéu stopu prijevremenih
smrtnih slu¢ajeva zbog muskog alkohola u odnosu na
Svedsku (Rehm i sur. 2007). Unato¢ padu smrtnosti
zbog alkohola, alkohol je i dalje vodeéi uzrok visokog
rizika od prerane smrti kod odraslih Rusa (Zaridze i
sur. 2014). Ovaj faktor rizika karakteriziraju znacajne
fluktuacije tijekom vremena. Primjerice, najjaca ne-
gativna korelacija izmedu promjena u oéekivanom Zi-
votu i trovanja alkoholom pronadena je izmedu 1984. i
2003. godine. Od 2003. do 2017. konstantan pozitivan
trend ocekivanog Zivota bio je statisti¢ki neovisan o
trovanju alkoholom (Danilova i sur. 2020). Zarista
smrtnosti zbog alkohola uglavnom se nalaze na teri-
torijima sjeverozapadne i zapadne Rusije (Grigoriev i
sur. 2020). Unato¢ pozitivnim trendovima te promje-
ne jos uvijek nisu dovoljne da bi se radikalno promije-
nila situacija s vanjskim uzrocima smrti.

Cetvrti podtip karakterizira pove¢ana smrtnost od
tumora i bolesti krvoZilnog sustava. UkljuCuje teri-
torij Stavropol s gradovima Stavropol i Pjatigorsk te
Moskovsku regiju s gradovima najblizim glavnom
gradu - Korolev, Myti$¢i, Odincovo, Podolsk i Ra-
menskoje. Od preostalih regija Ruske Federacije sa-
mo pet regija pripada toj podvrsti: Republika Adigeja
i regija Belgorod (s Belgorodom i Starim Oskolom),
Republika Tatarstan (s Kazanom, Nabereznye Celny,
NizZnjekamsk), Jamalskonenecki autonomni okrug i
Jakutska Republika. Osim toga, neki se gradovi u juz-
nim regijama pripisuju tom tipu: Grozni, Volgodonsk
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i Taganrog. Jedini sjeverni grad toga tipa je Severo-
dvinsk u regiji Arhangelsk, a najisto¢niji su gradovi
Novi Urengoj, Jakutsk i Seversk u regiji Tomsk.

Makrotipovi Ne3 i Ne4 uglavnom su bliski u smislu
prosjene stope smrtnosti koja je prili¢no visoka.
Medutim, makrotip Ne4 ostro se razlikuje po visoj sto-
pi smrtnosti od zaraznih bolesti (ako izuzmemo vri-
jednosti makrotipa Ne5, to su maksimalne vrijednosti
smrtnosti za cijeli uzorak). To se najjasnije oCituje u
treCem podtipu koji ukljucuje tri regije Urala i Sibira:
Sverdlovsk, Irkutsk (uklju¢ujuéi gradove Irkutsk i
Bratsk) i Kemerovsku regiju (uklju¢ujuéi grad Proko-
pjevsk), kao i jedan dio regije Volga - Samaru (uklju-
¢ujuéi Samaru, NovokujbiSevsk, Syzran i Toljati). To
prili¢no dobro odgovara raspodjeli smrtnosti od tu-
berkuloze, jednog od glavnih uzroka smrti od zaraz-
nih bolesti na teritoriju Ruske Federacije.

Prvi podtip makrotipa Ne4 odlikuje se najviSom sto-
pom smrtnosti od tumora medu svim odabranim
skupinama. Pripadaju mu samo teritorij Altaj i gra-
dovi Celjabinsk, Salavat (Republika Baskirija), Noja-
brsk (autonomno podrudje Jamalo-Nenec) i Angarsk
(regija Irkutsk). Taj makrotip ukljucuje ostale ural-
ske (Celjabinske i Kurganske regije) i sibirske regije
(Novosibirska regija i Krasnojarski kraj). Opéenito, to
je prili¢no mali makrotip po sastavu koji ujedinjuje
samo 43 analizirane administrativne jedinice, pre-
teZno regije i gradove Urala i Sibira.

Makrotip Ne3 najdiferenciraniji je - ukupno je izdvo-
jeno pet podtipova. Najzanimljiviji je njegov prvi pod-
tip koji karakterizira velika smrtnost od respiratornih
bolesti i vanjskih uzroka. Uklju¢uje Zidovsku autonom-
nu regiju s BirobidZanom, Zabajkalski teritorij, Repu-
bliku Altaj, Burjatiju i Autonomnu oblast Cukotka.

Nadalje, treba razlikovati peti podtip koji karakterizira
visoka smrtnost od bolesti krvoZilnog sustava i koji uje-
dinjuje regije i gradove europskoga sjevera (Arhangelsk,
Kostroma, Murmansk, Pskovska regija, Nenecki auto-
nomni okrug, Republiku Kareliju i Komi) te ruski Daleki
istok (Kamcatka, teritorij Habarovsk i regija Magadan).

Konacno, tredi podtip karakteriziraju visoke stope
smrtnosti od bolesti probavnoga sustava. Taj podtip
takoder ujedinjuje regije i gradove europske Rusije
(regije Jaroslavl, Vladimir, Ivanovo, Tula, Republika
Mari El, Udmurtija i Cuvas) i Ruski Daleki istok (regije
Amur i Sahalin).

Opcenito se moZe primijetiti da makrotip Ne3 uklju-
Cuje regije karakterizirane najnepovoljnijom situaci-
jom u pogledu smrtnosti iz gotovo svih analiziranih
razloga, osim smrtnosti od zaraznih bolesti. Zanimlji-
vo je primijetiti da makrotipove Ne2 i Ne4 uglavnom
karakterizira podudarnost sadasnje smrtnosti u regiji
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the cities of the Chelyabinsk region - Kopeisk, Magni-
togorsk, Miass) and the Far East (Amur Region, the cities
of Ussuriysk and Khabarovsk), but territories belonging
to this type are also found in the European part of the
country - the Leningrad, Tver, and Perm regions.

Macrotype Ne4 is characterized by high mortality
rates for all analysed parameters (especially diseases of
the circulatory system, respiratory system, and digestive
system); the exception is mortality from infectious dis-
eases. First, the Russian Far Eastern regions and cities are
distinguished - Chukotka Autonomous Okrug, Magadan
Oblast, Sakhalin Oblast, including Yuzhno-Sakhalinsk,
Jewish Autonomous Oblast, including Birobidzhan, and
also the city of Nakhodka, Primorsky Krai. In the Siberian
regions, the Republic of Khakassia and the city of Norilsk
should be attributed to the same macrotype, while in the
European ones, only the Pskov region is included.

As among men, female mortality in most cities
and regions of the Russian Federation is character-
ised by high rates. Territories with low mortality are
traditionally primarily the regions of the North Cau-
casus. However, in the case of female mortality, this
rule is not always applicable.

Unlike many high-income countries, Russia has
yet to make an epidemiological transition and con-
trol mortality from cardiovascular diseases. Ischem-
ic heart disease and cerebrovascular diseases are still
the leading causes of death in all regions of Russia.

As for cancer, positive trends are associated with a
decrease in mortality from lung cancer. This may be
due to both a change in lifestyle (the reduction in the
number of people using tobacco) and a change in the
quality of tobacco products (the reduction of tar in ci-
garettes). The temporal patterns of breast cancer mor-
tality in Russia are in line with other countries in
Europe, although cervical cancer rates and the rate of
occurrence in recent generations are rapidly increas-
ing (Barchuk et al. 2018). The association between sui-
cide and cancer presents a significant problem and can
be considered as an indicator of social disintegration.
There is a positive relationship between trends in sui-
cides and all types of cancer in men and women, apart
from cancer of the small intestine and prostate cancer
in men (Razvodovsky and Zotov 2016). The real occur-
rence of suicide in cancer patients is considered to be
under-reported (Razvodovsky 2017).

Regional differences in causes of death can be in-
fluenced by lifestyles that are difficult to consider at
the national level due to significant cultural differ-
ences and income levels. Regional practices for cod-
ing causes of death can also significantly distort the
structure of mortality.
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4 Conclusion

The situation concerning male mortality in the coun-
try as a whole can be described as unfavourable, since the
vast majority of cities and regions are included in groups
with high mortality rates (macrotypes Ne3 and Ne4).

As a result of the classification, compact groups of
cities and regions are distinguished quite well, charac-
terised by specific situations in terms of mortality. So,
we can distinguish the group of the North Caucasus, the
southern group, and the Ural-Siberian groups of cities
and regions. At the same time, this classification makes
it possible to single out individual regions with a highly
differentiated intraregional mortality situation, for ex-
ample, the Moscow Region and the Primorsky Territory.

It is also interesting that the classification revealed
a certain homogeneity in the unfavourable mortality
situation between cities and regions of European Russia
(mainly the north) and the Russian Far East. They are
distinguished by high mortality rates from diseases of
the circulatory system and digestive organs.

It is difficult to judge the cause-effect relation-
ships that determine a particular situation by mor-
tality. So, for men, macrotype Ne2 is common to cities
and regions with rather low mortality rates for all
reasons, but is different in terms of their socio-eco-
nomic development, environmental status, and en-
vironmental conditions. Low mortality rates are
probably determined not by one single factor for all
regions, but by separate factors in each case.

When conducting a typological classification of mor-
tality among women, less distinct territorial groups are
distinguished compared with men. Even though territor-
ies with a low mortality rate also mainly belong to the re-
gions of the North Caucasus, there are exceptions (for
example, the Chechen Republic and the city of Grozny).
At the same time, several regions are quite stable in terms
of mortality among men and women. First, the Republic
of Tuva is confirmed as a region with extremely high
mortality rates among both men and women. To the
same extent, this applies to the disadvantaged cities of
the Moscow region - Orekhovo-Zuevo, Pushkino, Ser-
giev-Posad and Schelkovo. However, the spatial picture
of women's mortality does not always coincide with the
distribution of mortality rates among men, which is
most pronounced in St. Petersburg, where there is a high
mortality rate among men and a low one among women.

Another feature of the distribution of mortality
among women is often a different picture of mortality in
cities and regions, which was much less frequently ob-
served in the analysis of male mortality. For example,
the unfavourable situation in the Tyumen region is
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i njezinim gradovima. Medutim, postoje iznimke.
Dakle, Moskovsku regiju odlikuje znacajna prostorna
diferencijacija.

Razlika u smrtnosti izmedu gradova i regija uoc-
ljivija je kod makrotipa Ne3. Zapanjujuéi primjer je
Primorski kraj, gdje obliZnji gradovi Artem, Usurijsk,
Nahodka i Vladivostok pripadaju potpuno razli¢itim
vrstama smrtnosti.

U razmatranju situacije sa smrtno$¢éu medu Zena-
ma mozemo razlikovati samo jedan makrotip koji se
odnosi na ekstreme. Rije¢ je o makrotipu Ne5 gdje su
zabiljeZene izuzetno visoke stope smrtnosti iz svih
razmatranih uzroka. Opet, taj makrotip ukljucuje sa-
mo jednu regiju - Republiku Tuvu.

Makrotip Nel ujedinjuje regije i gradove s najma-
njom smrtnoséu Zena iz svih razloga. Zanimljiv je pr-
vi podtip tog makrotipa jer ga karakteriziraju
minimalne stope smrtnosti iz svih razloga i poveéana
smrtnost od respiratornih bolesti. Taj tip ukljuéuje
samo Republiku Dagestan s gradovima Mahackala i
Derbent te grad Nazran (Republika Ingusetija).

Drugi i treci podtip makrotipa Nel Cine dvije jednake
skupine prema broju ukljuéenih teritorijalnih objekata
(42 odnosno 41). Drugi podtip karakteriziraju nesto ve-
¢e stope smrtnosti od bolesti probavnog sustava i vanj-
skih uzroka. Obuhvaca samo gradove i regije europskog
dijela protezudi se od Republike Kalmikije i Krasnodar-
skog teritorija do Smolenske i Jaroslavske regije na sje-
veru i Baskirske Republike na istoku. Opéenito, makrotip
Nel karakterizira teritorijalna ograni¢enost na europski
dio Ruske Federacije. Osim toga, niske se stope smrt-
nosti primjeéuju samo u regijama proizvodnje nafte i
plina te u nekim velikim gradovima.

Treéi podtip, osim pozadine niskih stopa smrtnos-
ti, karakterizira i prevladavanje smrtnosti od tumora
i bolesti krvoZzilnog sustava. To su republike Sjever-
nog Kavkaza - Ingusetija, Kabardino-Balkar, Karacaj-
Cerkes, Sjeverna Osetija i Adigeja, te Stavropoljski
teritorij i Rostovska oblast. Regija Belgorod s gradom
Belgorodom, regija koju bi u pogledu smrtnosti me-
du Zenama vjerojatno trebalo prepoznati kao najis-
taknutiju medu europskim regijama Ruske Federaci-
je, kao i regija proizvodnje nafte i plina, okrug Hanti-
Mansi, sa svim svojim glavnim gradovima i gradom
Tjumenjem, pripadaju istom tipu. Mnogi gradovi u
europskom dijelu Ruske Federacije pripadaju tom ti-
pu; ne samo gradovi Sjevernog Kavkaza, veé i juzno-
europski dio (Astrahan i Taganrog), PovolZje (Kazanj,
Nabere?ne Celni i Niznjekamsk) i Moskva sa susjed-
nim BalaSihom i Korolevom. Treba napomenuti da
neki gradovi imaju teske klimatske uvjete - Novi
Urengoj i Jakutsk.
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Makrotipovi Ne2 i Ne3 kombiniraju teritorijalne
skupine s pretezno visokom stopom smrtnosti. Sto-
vie, medusobno su vrlo bliski u pogledu smrtnosti
od tumora, bolesti krvoZilnog sustava i bolesti disnog
sustava, ali se medusobno razlikuju u smrtnosti od
zaraznih bolesti, probavnih bolesti i vanjskih uzroka.
Makrotip Ne3 razlikuje se po prili¢no niskoj smrtnosti
od zaraznih bolesti i niZoj smrtnosti od bolesti pro-
bavnog sustava i vanjskih uzroka od makrotipa Ne2.

Prvi podtip makrotipa Ne3 karakterizira niska stopa
smrtnosti od respiratornih bolesti, nasuprot prili¢no
visokim stopama smrtnosti od tumora i bolesti krvo-
Zilnog sustava i ukljuCuje 31 ispitanika. To su regije
unutar europskog dijela Ruske Federacije - regije
Vologda, Murmansk, NiZnji Novgorod, Oriol, Ulja-
novsk te Republike Celenije i Krim. Medu gradovima
koji pripadaju tom tipu izvan europske Rusije treba
istaknuti Barnaul i Novosibirsk.

Drugi podtip ukljuuje nesto veéi broj subjekata (38)
koje karakterizira prilino visoka stopa smrtnosti od bo-
lesti probavnog sustava i vanjskih uzroka. To nisu samo
europske regije, ve¢ i teritoriji Sibira i ruskog Dalekog is-
toka - Novosibirska regija, Republika Jakutija, Kamcatski
teritorij i Petropavlovsk-Kamcatski. Treba istaknuti
Sankt Peterburg i mnoge gradove u moskovskoj regiji
(Domodedovo, Kolomna, Mytis¢i, Noginsk i Odincovo) i
ruski Daleki istok (Blagove$Zensk i Vladivostok).

Treéa podvrsta makrotipa Ne3 ukljuCuje samo tri
grada - Grozni, Krasnodar i Anadir. Sto se tice smrt-
nosti od tumora, bolesti krvoZilnog sustava i bolesti
di$nog sustava, ta je podvrsta bliska makrotipu Ne4
koju karakteriziraju visoke stope smrtnosti iz svih
uzroka. Medutim, niZe stope smrtnosti od zaraznih
bolesti, bolesti probavnog sustava i vanjskih uzroka
ne dopustaju da se to pripi$e ovome makrotipu.

U makrotipu Ne2, Cetvrti podtip (visoke stope smrt-
nosti od tumora, bolesti krvozilnog sustava, respira-
tornih i probavnih organa) ukljucuje Cetiri regije
koje nisu geografski medusobno povezane (Vladimir,
regije Tomsk, Krasnojarsk i Primorski kraj) i 15 gra-
dova. To su mnogi industrijski gradovi (Alinsk, An-
garsk i Krasnojarsk), gradovi s teSkim klimatskim
uvjetima (Magadan i Cita), a takoder i gradovi Mo-
skovske regije (Orehovo-Zuevo, Puskino, Sergijev
Posad i S¢olkovo), kao i Simferopol (Republika Krim).
Taj tip, zajedno s makrotipom Ne4, moZze se opisati kao
najnepovoljniji u pogledu smrtnosti medu Zenama.

Zanimljivo je primijetiti da treci podtip makrotipa
Ne2 karakterizira visoka stopa smrtnosti od zaraznih
bolesti i vanjskih uzroka. Ograni¢ena je uglavnom na
teritorij Sibira (Trans-Bajkalski teritorij, Irkutsk
(ukljuCujuéi Irkutsk, Bratsk), Kemerovo (ukljucujuci
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Novokuznjeck, Prokopjevsk), regiju Omsk, Republiku Al-
tai i Burjatsku), Ural (Kurgan, regiju Sverdlovsk (uklju¢u-
juéi Niznij Tagil, Pervouralsk), te gradove regije Celja-
binsk - Kopeisk, Magnitogorsk, Mias) i Dalekog istoka
(Amurska regija, gradovi Usurijsk i Habarovsk), ali terito-
riji koji pripadaju tom tipu nalaze se i u europskom dijelu
zemlje - Lenjingradska, Tverska i Permska regija.

Makrotip Ne4 karakterizira visoka stopa smrtnosti za
sve analizirane parametre (posebno bolesti krvozilnog
sustava, diSnog sustava i probavnog sustava); iznimka je
smrtnost od zaraznih bolesti. Prvo se razlikuju ruske da-
leke isto¢ne regije i gradovi — Cukotski autonomni okrug,
Magadanska oblast, Sahalinska oblast, uklju¢ujuéi Juzno-
Sahalinsk, Zidovska autonomna oblast, uklju€ujuéi Biro-
bidZan, a takoder i grad Nahodka, Primorski kraj.

Kao i medu muskarcima, smrtnost Zena u vedini
gradova i regija Ruske Federacije karakterizira visoka
stopa. Teritoriji s niskom smrtno$éu tradicionalno su
prvenstveno regije Sjevernog Kavkaza. Medutim, u slu-
Caju smrtnosti Zena ovo pravilo nije uvijek primjenjivo.

Za razliku od mnogih zemalja s visokim dohot-
kom, Rusija jo$ nije izvrsila epidemiolosku tranziciju
i kontrolirala smrtnost od kardiovaskularnih bolesti.
Ishemijska bolest srca i cerebrovaskularne bolesti i
dalje su vodedi uzroci smrti u svim regijama Rusije.

Sto se tice karcinoma, pozitivni trendovi povezani
su sa smanjenjem smrtnosti od raka plué¢a. To moze biti
posljedica promjene nacina Zivota (smanjenje broja
ljudi koji koriste duhan) i promjene kvalitete duhan-
skih proizvoda (smanjenje katrana u cigaretama). Vre-
menski obrasci smrtnosti od raka dojke u Rusiji u
skladu su s ostalim europskim zemljama, iako se stopa
raka vrata maternice i stopa pojavnosti u posljednjim
generacijama brzo poveéavaju (Barchuk i sur. 2018).
Povezanost samoubojstva i raka predstavlja znacajan
problem i moZe se smatrati pokazateljem drustvene
dezintegracije. Postoji pozitivna veza izmedu trendova
samoubojstava i svih vrsta karcinoma kod muskaraca i
Zena, osim raka tankog crijeva i karcinoma prostate
kod muskaraca (Razvodovsky i Zotov 2016). Stvarna
pojava samoubojstva u bolesnika s karcinomom smatra
se premalo prijavljenom (Razvodovsky 2017).

Na regionalne razlike u uzrocima smrti mogu utje-
cati Zivotni stilovi koje je teSko razmotriti na nacional-
noj razini zbog znacajnih kulturnih razlika i razine
dohotka. Regionalne prakse za kodiranje uzroka smrti
mogu takoder zna¢ajno narusiti strukturu smrtnosti.

4. Zakljucak

Situaciju smrtnosti muskaraca u zemlji u cjelini
moZemo opisati kao nepovoljnu jer je velika veéina
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gradova i regija uklju¢ena u skupine s visokim stopa-
ma smrtnosti (makrotipovi Ne3 i No4).

Kao rezultat klasifikacije prili¢no se dobro razli-
kuju kompaktne skupine gradova i regija koje karak-
teriziraju specifi¢ne situacije u smislu smrtnosti.
Dakle, moZemo razlikovati skupinu Sjevernog Kav-
kaza, juznu skupinu i uralsko-sibirske skupine gra-
dova i regija. Istodobno, ta klasifikacija omoguéuje
izdvajanje pojedinih regija s visokodiferenciranom
situacijom unutarregionalne smrtnosti, na primjer,
Moskovske regije i Primorskoga kraja.

Zanimljivo je i da je klasifikacija otkrila odredenu
homogenost u nepovoljnoj situaciji smrtnosti izmedu
gradova i regija europske Rusije (uglavnom sjevera) i
ruskog Dalekog istoka. Odlikuje ih visoka smrtnost
od bolesti krvoZilnog sustava i probavnih organa.

Tesko je procijeniti uzroéno-posljedi¢ne veze koje
odreduju neku situaciju prema smrtnosti. Dakle, za
muskarce je makrotip N2 uobicajen za gradove i regije s
prili¢no niskim stopama smrtnosti iz svih razloga, ali je
razli¢it u pogledu njihovog socio-ekonomskog razvoja,
stanja okolisa i uvjeta okoliSa. Niske stope smrtnosti
vjerojatno nisu odredene jednim ¢imbenikom za sve
regije, ve¢ zasebnim ¢imbenicima u svakom slucaju.

Kada se provodi tipoloska klasifikacija smrtnosti
medu Zenama, razlikuju se manje razlidite teritori-
jalne skupine u usporedbi s muskarcima. Iako terito-
riji s niskom stopom smrtnosti takoder uglavnom
pripadaju regijama Sjevernog Kavkaza, postoje iz-
nimke (na primjer, Cetenska Republika i grad Groz-
ni). Istodobno, nekoliko je regija prili¢no stabilno u
pogledu smrtnosti muskaraca i Zena. Prvo, Republika
Tuva je potvrdena kao regija s izuzetno visokim sto-
pama smrtnosti i medu muskarcima i medu Zenama.
U istoj se mjeri to odnosi na gradove u nepovoljnom
poloZaju u moskovskoj regiji:Orehovo-Zuevo, Puski-
no, Sergijev Posad i Selkovo. Medutim, prostorna se
slika smrtnosti Zena ne podudara uvijek s raspodje-
lom stopa smrtnosti medu muskarcima, $to je najiz-
raZzenije u Sankt Peterburgu, gdje je visoka stopa
smrtnosti medu muskarcima, a niska medu Zenama.

Druga znacajka raspodjele smrtnosti medu Zena-
ma Cesto je razli¢ita analizi muske smrtnosti. Pri-
mjerice, nepovoljnoj situaciji u Tjumenjskoj oblasti
suprotstavlja se bolja situacija u gradu Tjumenju. Sli-
¢an je obrazac uocen u Republici Jakutiji i Jakutsku,
Astrahanskoj oblasti i Astrahanu i drugdje.
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