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IN THE TOMSK REGION

The purpose of the study is to assess direct and indirect economic damage from cervical, uterine, and ovarian cancer in the Tomsk region.

Material and methods. Data from Rosstat for the Tomsk region covering the period from 2013 to 2023 were utilized, including population size,
life expectancy, gross regional product per capita, and reporting forms C51 "Distribution of deaths by gender, age groups, and causes of death."
Additionally, information on the costs of examination and treatment for genital cancer under compulsory medical insurance and high-tech medical
care in rubles for 2016-2020 was analyzed. The losses of DALY's (person-years) and economic damage (rubles) were calculated according to WHO
guidelines, using the segmented regression method.

Results. The maximum loss of DALY values for cervical cancer was in the range of 3549 years, for uterine cancer and ovarian cancer in the
range of 55-69 years. The highest expenditure was allocated to the treatment of ovarian cancer (325.24 million rubles), followed by lower amounts
for uterine cancer (205.5 million rubles) and cervical cancer (189.8 million rubles). The total economic impact (including direct and indirect costs)
amounted to 3.9 billion rubles for cervical cancer, 2.8 billion rubles for ovarian cancer, and 2.3 billion rubles for uterine cancer.

Conclusion. The findings of the study, quantified in monetary terms, are recommended for use in optimizing the allocation of budget funds

under current conditions.
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Introduction. In 2020, out of 9.23
million new cancer cases among wom-
en worldwide, more than 1.39 million
(15.1%) were related to gynecological
malignancies. Among the 4.4 million
women who died from cancer that year,
14.8% of deaths were caused by can-
cers of the female reproductive organs.
According to WHO statistics, by 2035,
the number of cancer-related deaths is
expected to rise to 7 million, with gyneco-
logical cancers accounting for 12.0% of
these cases [9].
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In the Tomsk region, the age-stan-
dardized incidence rate (ASR) of cervical
cancer was 16.9 per 100,000 population
(compared to 13.7 in the Russian Fed-
eration, RF), endometrial cancer-18.9
(RF-16.4), and ovarian cancer-10.1
(RF-10.2). In the structure of cancer in-
cidence among the female population,
these malignancies ranked fifth (5.2%),
fourth (7.4%), and ninth (3.7%), respec-
tively, collectively accounting for 16.3%
of all female reproductive organ tumors.
The age-standardized mortality rates for
cervical cancer were 5.7 (RF-4.8), endo-
metrial cancer-3.9 (RF-3.8), and ovarian
cancer-3.8 (RF-4.8) per 100,000 pop-
ulation. In the structure of cancer mor-
tality, these malignancies ranked eighth
(4.6%), ninth (4.1%), and tenth (4.0%),
respectively, with gynecological cancers
accounting for 12.8% of all cancer-relat-
ed deaths [1, 3].

According to estimates by researchers
from the Heidelberg Institute of Global
Health (Germany), the Chinese Acade-
my of Medical Sciences, and the Peking
Union Medical College (China), the glob-
al economic cost of cancer from 2020 to
2050 will amount to 25.2 trillion US dol-
lars (inconstant 2017 prices ) , averaging
0.84 trillion per year. This is equivalent to
an annual tax of 0.55% on global GDP.
However, cancers of the female repro-
ductive system are not among the top
ten most costly malignancies: cervical

cancer (CC) ranks 11th (estimated cost:
$ 682 billion ), ovarian cancer (OC) ranks
15th ($ 519 billion), and endometrial can-
cer (EC) ranks 24th ($193 billion) [8].

The mortality rate serves as a key in-
dicator for evaluating the effectiveness
of cancer control measures, as it directly
depends on timely diagnosis and treat-
ment efficacy.

According to WHO data [10], among
non-communicable diseases in Russia
in 2020, the burden of gynecological dis-
eases across all age groups resulted in
973.7 disability-adjusted life years (DA-
LYs) lost per 100,000 population, ranking
fifth in the DALY structure-after ischemic
heart disease, stroke, "low back and neck
pain," and diabetes. The Global Burden
of Disease (GBD) database [11] does not
provide region-specific data for Russian
federal subjects, including the Tomsk
region. Due to frequent methodological
changes in DALY calculations (the latest
revision was in May 2024) [14] and the
lack of standardization in calculation ap-
proaches, it is currently difficult to com-
pare previous studies from Siberia and
the Russian Far East with GBD data [4, 5].

The government allocates substantial
funds to provide medical care, including
significant expenditures for supporting
disabled citizens. Even greater financial
losses stem from the premature mortali-
ty of cancer patients. All these economic
costs can be quantified in monetary terms
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to enable rational budget reallocation
when planning cancer control measures.
Therefore, conducting an analysis of both
direct and indirect economic burdens
caused by gynecological malignancies in
the Tomsk region is particularly relevant.

Research Objective: To assess the
direct and indirect economic burden
caused by cervical, endometrial, and
ovarian cancers in the Tomsk region.

Materials and Methods. The study
included data from 2013-2023 for the
Tomsk region, provided by the Territori-
al Office of State Statistics and Rosstat:
demographic distribution by sex and age,
life expectancy, gross regional product
(GRP) per capita, mortality statistics
(Form C51: "Distribution of deaths by
sex, age groups, and causes of death").
Economic losses from malignancies con-
sist of direct costs (10—20%) and indirect
costs (80-90%). Direct costs include: pre-
vention, diagnosis, treatment, rehabilita-
tion, and social support for patients. Data
sources included reimbursement records
from the Territorial Compulsory Health In-
surance Fund (CHI) for 2016—2020 and
the hospital registry of the Tomsk Cancer
Research Institute for high-tech medical
care (HTMC). Additional reference was
made to HTMC tariffs listed in the State
Guarantees Program for Free Medical
Care (Section ).

Indirect costs include: lost national in-
come due to disability (5%) or premature
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death (75%) [2, 4]. These were calculat-
ed using the DALY method (disability-ad-
justed life years) multiplying DALY val-
ues by GRP per capita [7]. DALY losses
(person-years) and economic damage
(rubles) were computed using the "Onco
DALY" software [6], developed by the Ep-
idemiology Laboratory of the Tomsk Can-
cer Research Institute based on WHO
guidelines [14].Trend analysis was per-
formed using segmented regression [12]
in JASP software.

Results: Direct costs of female re-

productive cancers in the Tomsk Region.
An assessment of the treatment costs
for malignant neoplasms (MN) of the re-
productive organs in the female popula-
tion of the Tomsk region was conducted
based on the data from payment regis-
ters for medical care provided under the
territorial and federal compulsory health
insurance (CHI) funds. The evaluation
took into account the type of medical
care provided in hospitals and outpatient
clinics, including follow-up examinations,
drug therapy, radiation therapy, surgical

Table 1

Indirect economic damage (thousand rubles) and DALY losses (person-years) of cervical cancer, uterine cancer,

ovarian cancer in the Tomsk region in 2013-2023

GRP per DALY Losses Economic damage, rubles
years f.?l]l))ilt:s’ c:;:if;l 'é:::ci:f oc‘::lrci:;l cervical cancer | uterine cancer ovarian cancer
2013 403 575,20 P 1628 819 1075 657 020 426 P 330 528 089 P 433 843 340 P
2014 430 138,20 £ 1687 541 827 725 643 143 P 232704 766 P 355724291 P
2015 520 296,60 P 1751 856 810 911 039 347 P 445373 890 P 421 440 246 P
2016 484 654,70 P 1573 871 683 762361 843 P 422134244 p 331019 160
2017 515 560,30 P 1571 558 1072 809 945 231 P 287 682 647 P 552 680 642 P
2018 570 191,30 P 1279 882 1047 729274 673 P 502 908 727 P 596 990 291 P
2019 575297,10 P 1276 759 993 734 079 100 P 436 650 499 P 571270 020 P
2020 517 023,00 P 1227 825 776 634387221 P 426 543 975 P 401209 848 P
2021 679 724,80 P 1185 791 1138 805 473 888 P 537662 317 P 773 526 822 P
2022 769 028,30 P 988 668 773 759 800 454 P 513711238 P 594 459 262 P
2023 870 868,90 P 987 696 730 859 547 604 P 606 124 754 P 635734297 P
period, average annual 2015-2013, | 2013-2023, | 2013-2023, | 2013-2023, +4.5 | 2013-2023, +26.7*%|2013-2023, +28.9*
change over the period, -94.60%; -1.75; -7.73; MIH py0.; MJIH pyo0.; MJH pyo0.;
level p p=0.001 p=0.888 p=0.646 p=0.585 p=0.004 p=0.016

Note: *— statistical significance of the differences (p < 0.05) was estimated using segmented regression.




Table 2

Direct and indirect economic damage (million rubles) of cervical cancer, uterine cancer,
ovarian cancer in the Tomsk region in 2016-2020

cervical cancer

uterine cancer ovarian cancer

million rubles % million rubles % million rubles| %
Indiri’ft economic | 3670 05p | 9508 | 2075.92P | 90.99 | 2453.17P | 88.29
amage
D“efit cconomic 189.83 P 4.92 205.52 P 9.01 325242 | 11.71
amage
Total 3859.88P | 100 | 2281.44P | 100 | 277841R | 100

treatment, and outpatient care. (Figure):

The highest costs were associated with
antitumor drug therapy for ovarian cancer
(OC) (36.3% of all expenses for gyneco-
logical cancer care), surgical treatment
for uterine cancer (UC) (10.5%), and ra-
diation therapy for cervical cancer (CC)
(8.1%). The lowest expenditures were
on diagnostic/follow-up examinations for
diagnosis establishment and clarification
(0.2-0.3% for each cancer type) and out-
patient care for women with this pathol-
ogy (0.7-1.1%). The most funded treat-
ment was for OC (325.24 million RUB),
followed by UC (205.5 million RUB) and
CC (189.8 million RUB). When assessing
annual direct medical costs for gyneco-
logical cancer patients, the lowest expen-
diture level was recorded in 2018 (91.84
million RUB), while the highest was in
2020 (196.71 million RUB). This trend
can be explained by increases in com-
pulsory health insurance (CHI) tariffs and
high-tech medical care (HTMC) costs.
Over the five-year period, no statistical-
ly significant cost growth was observed
for OC (p=0.079), CC (p=0.059), or UC
(p=0.123). However, a clear increase in
costs was noted for all studied malignant
neoplasms (MN) in the most recent years
(2016 and 2020), averaging 80.6%: CC
showed a growth rate of 63.9%, UC-
26.7%, and OC-121.8%.

Indirect costs of female reproductive
organs malignant neoplasms in the Tomsk
region. During 2016-2020, DALY losses
amounted to: 6,957.71 for cervical can-
cer; 3,911.66 for uterine cancer; 4,588.89
for ovarian cancer (in person-years). The
highest DALY losses for cervical cancer
occurred in the working-age groups of
35-39, 40-44, and 45-49 years (821.1,
1,159.0, and 817.4 DALY person-years,
respectively). For uterine and ovarian
cancers, peak losses were observed in
post-working-age cohorts (55-59, 60-
64, and 65-69 years): UC: 574.3, 764.5,
and 696.5 person-years; OC: 1,060.2,
781.5, and 587.2 person-years. The
time trend analysis using segmented

regression (Table 1) revealed a statisti-
cally significant decrease in DALYs for
cervical cancer (CC) during 2013-2015,
with an average annual reduction rate of
94 .8 person-years (p = 0.001). While the
economic burden showed an increasing
trend during this period, the change was
not statistically significant (p = 0.585). For
uterine cancer (UC) and ovarian cancer
(OC), no significant changes in DALY
losses were observed during the study
period. However, the overall economic
burden increased significantly for both
cancers: for UC at an average annual
rate of 26.7 million RUB (p=0.004), and
for OC at 28.9 million RUB (p=0.016).

Direct and indirect costs of female re-
productive cancers in the Tomsk region.
During 2016-2020, the highest total direct
and indirect economic burden was asso-
ciated with cervical cancer treatment (3.9
billion RUB), followed by ovarian cancer
(2.8 billion RUB) and uterine cancer (2.3
billion RUB) (Table 2).

Discussion: Currently, for data span-
ning 2000-2021, the methodology for
calculating DALY employs the maximum
healthy life expectancy at birth from World
Population Prospects 2024 [13], project-
ed to reach 90.6 years by 2050 (previ-
ously, the 2013 benchmark of 87.1 years
was used). Following the COVID-19 pan-
demic, global life expectancy at birth has
resumed growth, reaching 73.3 years in
2024 an increase of 8.4 years since 1995
[13]. This trend is expected to drive high-
er cancer incidence and, consequently,
increased healthcare expenditures.

The persistently high economic bur-
den of gynecological cancers, further ex-
acerbated by annual growth in GDP per
capita, could be mitigated by reducing
mortality among the working-age popula-
tion. Thus, it is critical to prioritize greater
funding for preventive and rehabilitative
anti-cancer programs. Such initiatives
should aim to: promote women’s proac-
tive health management; enable early
detection and treatment of precancerous
conditions, and facilitate the rapid reinte-
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gration of radically treated patients into
society and the workforce.

Conclusion. In the current era of
rising cancer incidence, addressing the
multifaceted challenges of reducing can-
cer mortality as outlined in the federal
project "Combating Oncological Diseas-
es" requires a comprehensive analysis of
direct and indirect economic losses. This
analysis is critical for healthcare policy-
makers to prioritize interventions, includ-
ing: primary cancer prevention, patient
rehabilitation. To evaluate the efficiency
of healthcare expenditures, it is essential
to compare the costs of medical care for
gynecological cancer patients against the
economic losses attributable to female
mortality.

The authors declare no conflict of in-
terest in the submitted article.
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T.B. Gretskaya, F.A. Bichkaeva, O.S. Vlasova, A.V. Strelkova,
E.V. Nesterova, B.A. Shengof, V.A. Zhenikhov

LEVELS OF GLUCOSE AND ITS
METABOLITES, PANCREATIC HORMONES,
AND ADIPONECTIN IN THE ARCTIC

POPULATION

The search for the causes underlying changes in carbohydrate metabolism remains relevant due to the lifestyle of the Arctic population and its

changes in the indigenous population, which leads to a change in the "northern" hormonal and metabolic profile and the development of metaboli-
cally related diseases, including diabetes mellitus. The aim of the study was to identify the characteristics of carbohydrate metabolism, pancreatic
hormones, and adiponectin in an almost healthy Arctic population, depending on their ethnicity and lifestyle. Materials and methods. A cross-sec-
tional study of the population of the local Caucasian population and the aborigines of the Arctic (Nenets) aged 18 to 74 years was conducted.
The levels of proinsulin, insulin, and adiponectin in blood serum were studied by enzyme immunoassay, and glucose, lactate, and pyruvate were
studied by spectrophotometric analysis. The HOMA, Caro, lactate/pyruvate, and Proinsulin/Insulin indices were calculated. Results and discussion.
The analysis of glucose levels showed that a statistically significantly high glucose content was found in the local Caucasian population relative to
nomadic and sedentary aborigines. At the same time, 21.9% of nomadic aborigines, 17.8% of settled Aborigines and 28.9% of the local Caucasian
population had excess glucose levels and 7.1%, 8.8% and 10.0% had prediabetic blood levels. Lactate levels, lactate/pyruvate values, and insulin
in the groups were highest in sedentary Aborigines (p=0.001, p<0.001, p=0.046), while in nomadic aborigines and the local Caucasian population,
insulin levels were minimal (p=0.046), and proinsulin levels and proinsulin/insulin values (p<0.001), on the contrary, is higher in the absence of
significant differences in the level of pyruvate. A significantly low content of adiponectin was observed in sedentary aborigines, both relatively no-
madic and the local Caucasian population (p<0.001). Conclusion. The lowest levels of glucose and insulin found in nomads against the background
of increased proinsulin and adiponectin may indicate a decrease in the secretory activity of pancreatic beta cells and an improvement in insulin
resistance; in sedentary aborigines, the predominance of anaerobic processes over aerobic ones is associated with a restriction of proinsulin pro-
duction and is associated with an increase in insulin resistance with low levels of adiponectin, while in the local Caucasian population, insulin levels
increase slightly while maintaining a higher level, which leads to an increased load on beta cells
of the pancreas, causing an increase in adiponectin synthesis.

Key words: glucose, lactate, pyruvate, insulin, proinsulin, insulin resistance, adiponectin,
Arctic population.
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Introduction. Trends in the spread of
diabetes mellitus 2 (DM 2) persist among
the indigenous population of the Arctic
(about 20% of cases) [3]. In this regard,
it is of interest to evaluate the metabolic
mechanisms underlying its development
in the practically healthy population of
the Arctic. At the same time, such rear-
rangements occur in different directions
for each indicator and lead to the for-
mation of a specific "northern" hormonal

and metabolic profile of the body, char-
acterized by minimizing the carbohy-
drate component of metabolism against
the background of intensification of lipid
(L.E. concept Panina, 1978), resulting in
a completely different structure of met-
abolic relationships [6]. Perhaps one of
the reasons for the decrease in glyce-
mia among the indigenous inhabitants
of the Arctic of the last century may be
the type, intake regime and amount of



