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The relevance of this study arises from products being fixed as an independent object for state sanitary-

epidemiological control in law. 
The contemporary stage of the public regulation involves the following: administrative pressure on economic entities 

ought to be easier but the best possible protection of citizens’ life and health should be provided. 
In this study, our aim was to test approaches to developing the risk-based model for control of food products on the 

consumer market in the country. 
The study relied on using the fundamental methodical approaches to the risk-based control model used by the Sanitary 

Service of Russia. 
A potential health risk was determined as a combination of likely violations of legal requirements to a certain product, 

severity of health outcomes due to such violations, and coefficients that described a scale of undesirable consequences. 
Food products were assigned into one of the following categories as per health risks: objects of extremely high risk, 

high risk, considerable risk, moderate risk, medium risk, or low risk.  
We suggest a fundamental scheme describing how to organize risk-based control of food products as an inde-

pendent control object. It includes several basic elements, namely, creating a register of consumer food products; 
identifying priority groups of food products as per risk criteria at the federal level; identifying regional priorities. We 
provide substantiation for advisability of profound risk assessment performed for food products in each group consid-
ering specific frequency of sanitary violations, scales in which a certain food product in consumed in different re-
gions, and priority consumer demands.  

Our suggestion is to integrate risk profiles of products and risk-based  laboratory support for control into the 
general model. 

We’d like to highlight the relevance of creating a unified database to keep the results of all the control and surveil-
lance activities including data obtained by laboratory tests of products bound to manufacturers, distributors, and sellers. It 
is also quite relevant to include algorithms and mathematical methods of science-intensive analysis of the data sets into 
software modules of the Rospotrebnadzor’s Unified Information System. 

Keywords: food products, control, safety, risk-based model, risk profile, register of products, violations of mandatory 
requirements, laboratory control optimization. 
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In 2021, the Federal Law no. 248 On 
State Control (Surveillance) and Municipal 
Control in the Russian Federation came into 
force. The Clause 16 in it establishes that ‘the 
results of economic activities performed by 
citizens and organizations, including products 
(goods), works and services covered by man-
datory requirements’ are an independent ob-
ject of the state control. Previously, products 
were considered a component within control of 
activities performed by economic entities.  

Changes in the legislation have their effect 
on how control is organized in general whereas its 
essence remains the same. Control means assess-
ing whether products conform to established re-
quirements to their safety and quality; removing 
unsafe products from the market; preventing such 
products from penetrating the market again in 
future. Requirements to food products as an object 
of control (surveillance) also remain the same.  

The Unified Sanitary-Epidemiological 
Requirements to Products (Goods) Subject to 
Sanitary-Epidemiological Surveillance (Con-
trol)1 establish hygienic indicators and safety 
standards for products (goods) under control.  

In particular, they stipulate that: 
– products under control should not pro-

duce any adverse effects on health of the cur-
rent and future generations, citizens’ property, 
living conditions, and the environment;  

– contents and presentation of consumer 
product information should allow correct iden-
tification of a product and its manufacturer and 
conform to product requirements established 
by regulatory documents issued in the mem-
ber-countries and technical regulations issued 
for a each type of product. 

Russian national requirements, just as re-
quirements of the Eurasian Economic Union, the 
Russian Federation being its member, are harmo-
nized with the World Health Organization stan-
dards according to which ‘food safety’ is defined 
as ‘assurance that food will not cause adverse 

health effects to the consumer when it is prepared 
and/or eaten according to its intended use’. This 
safety is provided by ‘preventing and eliminating 
hazards caused by contaminants, admixtures, 
natural toxins or any other substances, whether 
chronic or acute, that may make food injurious to 
the health of the consumer or reducing them to 
acceptable and safe levels’ 2 . 

Hazard Analysis and Critical Control 
Point (HACCP) is the primary and key com-
ponent in providing food quality and safety 
[1]. HACCP system is the internationally 
tested and accepted efficient tool for minimiz-
ing risks of contamination in manufactured 
products, providing their safety and quality, 
the latter being the primary task that has to be 
tackled by food industry [2, 3].  

HACCP system is the internationally tested 
and accepted efficient tool for minimizing risks 
of contamination in manufactured products, pro-
viding their safety and quality, the latter being 
the primary task of food industry [2, 3].  

HACCP system was first implemented in 
Russia in 2001 when the RF State Agency on 
Standardization and Metrology registered the 
voluntary certification system that has been 
functioning successfully ever since. At pre-
sent, more and more economic entities declare 
themselves committed to HACCP principles 
and conform to them when performing their 
economic activities [4–6]. 

Nevertheless, state control of products 
that are already distributed on the consumer 
market can be and should be considered the 
primary and integral component in protecting 
health (and sometimes life) of the population. 
Even if food products are manufactured in ac-
cordance with HACCP principles, they are of-
ten delivered to the end consumer after they 
have been loaded and unloaded several times, 
stored in warehouses and then put onto shelves 
in a shop and in some cases processed and 
packed etc. Due to it, products may lose some 

__________________________ 
 
1 Edinye sanitarno-epidemiologicheskie i gigienicheskie trebovaniya k produktsii (tovaram), podlezhashchei sanitarno-

epidemiologicheskomu nadzoru (kontrolyu); utv. resheniem Komissii Tamozhennogo soyuza ot 28 maya 2010 g. № 299 [The Uni-
fied Sanitary-Epidemiological Requirements to Products (Goods) Subject to Sanitary-Epidemiological Surveillance (Control); ap-
proved by the Decision of the Customs Union Commission on May 28, 2010 no. 299]. KODEKS: electronic fund for legal and 
reference documentation. Available at: https://docs.cntd.ru/document/902249109 (August 12, 2023) (in Russian). 

2 Codex Alimentarius. General Principles of Food Hygiene CXC 1-1969. FAO, WHO. Available at: https://www.fao.org/fao-
who-codexalimentarius/ (June 01, 2023). 
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of their initial properties and acquire new ones, 
which are not always safe for the consumer.  

The State sanitary control of products sold 
in retail, food offered by catering organiza-
tions and the like is the last and immediate 
barrier between potentially unsafe and/or low 
quality food products and their consumers. 

It is practically impossible to control all 
the food products on the market since their 
range is huge and these products differ consid-
erably as per their physical, chemical and bio-
logical properties, initial raw materials they are 
made of, manufacturers, and many other pa-
rameters. Given that, risk-based food control is 
more justified than in other sphere [7]. Interna-
tional experience gained in application of risk-
based control over products on the market 
proves this point. Thus, the EU Requirements 
of the General Product Safety Directive 
(2001/95/EC) establish that ‘safe product is … 
any product which, under normal or reasonably 
foreseeable conditions of use including dura-
tion and, where applicable, putting into service, 
installation and maintenance requirements, 
does not present any risk or only the minimum 
risks  …, considered to be acceptable’ (Clause 
2, item b). Risk is considered a safety criterion.  

Other relevant documents specify that na-
tional bodies of the EU countries responsible 
for control and surveillance over the marketed 
products are authorized to control any product 
prior to and after it has been manufactured in-
cluding even those products that create minimal 
risks3.  The essentials the of risk-based food 
control model were given by the Federal Ser-
vice for Surveillance over Consumer Rights 
Protection and Human Wellbeing at the very 
start of the administrative reforms in Russia [8]. 
The Head of the Service, the RF Chief Sanitary 
Inspector approved the Methodical Guidelines 
Classification of Food Products on the Marker 

as per Risks of Health Harm and Property 
Losses of Consumers for Organizing Scheduled 
Control and Surveillance Activates4. 

At the same time, the experience of using 
the risk-based control model [9, 10] and over-
all changes in the control and surveillance ac-
tivities call for relevant development of the 
existing approaches. This development should 
consider changes in frequency of violations of 
mandatory requirements to products in dynam-
ics, the current sanitary-epidemiological situa-
tion, and specific changes in consumption. Ac-
cumulation of digital data on results of product 
inspections within the Unified Information 
Analytical System of the Sanitary Service is 
the key component and solid foundation for 
the development of the risk-based model [11, 
12]. This System is being formed now; how-
ever, in future it will make it possible to per-
form in-depth systemic analysis based on mul-
tidimensional and diverse data about safety 
and quality of products, their manufacturers 
and sellers.  

In this study, our aim was to test ap-
proaches to improving the risk-based model 
for control of food products on the consumer 
market in the country. 

Materials and methods. The study relied 
on using the fundamental methodical ap-
proaches to the risk-based control model used 
by the Sanitary Service of Russia since they 
were deemed correct and eligible. A potential 
health risk was determined as a combination of 
likely violations of mandatory requirements to 
a certain product, severity of health outcomes 
due to such violations, and coefficients that 
described a scale of undesirable consequences.  

Likelihood of violations of mandatory re-
quirements was described by frequency of 
identified violations in all the RF regions. Ac-
cording to the precaution principle, frequency 

__________________________ 
 
3 Guidance for risk assessment of food and feed from genetically modified plants. EFSA Journal, 2011, vol. 9, no. 5. 

Available at: https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2011.2150 (August 26, 2023); New Legislative 
Framework. European Commission. Available at: https://single-market-economy.ec.europa.eu/single-market/goods/new-
legislative-framework_en (August 07, 2017). 

4 Klassifikatsiya pishchevoi produktsii, obrashchaemoi na rynke, po risku prichineniya vreda zdorov'yu i imushchestvennykh 
poter' potrebitelei dlya organizatsii planovykh kontrol'no-nadzornykh meropriyatii: metodicheskie rekomendatsii; utv. Prikazom 
Rospotrebnadzora ot 18.01.2016 № 16 [Classification of Food Products on the Marker as per Risks of Health Harm and Property 
Losses of Consumers for Organizing Scheduled Control and Surveillance Activates; approved by the Sanitary Service Order on 
January 18, 2016 no. 16]. Rospotrebnadzor. Available at:  http://61.rospotrebnadzor.ru/files/prikaz_16_18_01_2016.pdf (August 
12, 2023) (in Russian). 
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of violations was taken as 95 % percentile of 
distribution of regional relative indicators.   

Initial data necessary for assessing likeli-
hood of violation of safety requirements were 
taken from the state departmental statistical 
reports, the sanitary report form no. 18 Data on 
the Sanitary Situation in a RF Region (Section 
8 Hygienic Characteristics of Food Raw Mate-
rials and Food Products). 

Severity of health outcomes for consumers 
caused by exposure to unsafe products was taken 
as a combination of health outcomes for a spe-
cific consumer due to exposure to unsafe prod-
ucts (starting from near-zero values that meant 
health outcomes were mild and to those close to 
0.95 that meant severe health outcomes) and 
scales of such adverse health outcomes. 

The scale of undesirable consequences was 
determined by using coefficients that described 
volumes in which food products were consumed 
considering regional peculiarities and the con-
sumer goods basket. Close attention was paid to 

the fact that any standards for levels of potentially 
unsafe impurities in food products were estab-
lished considering volumes of their consumption.  

Scale coefficients were calculated based 
on initial data taken from the State Statistical 
Bulletin Consumption of Basic Food Products 
by the RF Population5. Additionally, some 
data were taken from the reports of the special-
ized study entitled Food Products Consump-
tion by Households in 20216. 

Food products were assigned into one of 
the following categories as per health risks: 
objects of extremely high risk, high risk, con-
siderable risk, moderate risk, medium risk, or 
low risk. The categories were identified ac-
cording to the criteria fixed in the Provisions 
on Federal State Sanitary Surveillance. 

Basic results. In addition to the existing 
methodical approaches, the study provides a 
fundamental scheme describing how to organ-
ize the risk-based control of products as an in-
dependent control object (Figure 1). 

 
Figure 1. The fundamental scheme showing how to organize the risk-based control of products 

 as an independent control object  
__________________________ 
 
5 Potreblenie osnovnykh produktov pitaniya naseleniem Rossiiskoi Federatsii [Consumption of Basic Food Products by 

the RF Population]. Rosstat. Available at: https://rosstat.gov.ru/compendium/document/13278 (July 19, 2023) (in Russian). 
6 Potreblenie produktov pitaniya v domashnikh khozyaistvakh v 2021 godu po itogam vyborochnogo obsledovaniya 

byudzhetov domashnikh khozyaistv [Food Products Consumption by Households in 2021 as per the results of sample examina-
tion of household budgets]. Rosstat. Moscow, 2022, 86 p. (in Russian). 
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T a b l e  1  
Data that may be included into a register of food products as independent objects  

of sanitary-epidemiological control (surveillance)  
No. Parameter 
1 Product code as per CN FEA 
2 Product code in accordance with the Russian Classification of Products by Economic Activities 
3 Product barcode 
4 Product name 
5 Code of a region where a product was sampled 

6 Manufacturer TIN (in accordance with the  Register of Economic Entities (juridical persons/private entrepreneurs, 
JP/PE) subject to sanitary-epidemiological control (surveillance) 

7 Code of a production facility where products have been manufactured in accordance with the  Register of Economic 
Entities subject to sanitary-epidemiological control (surveillance) 

8 Identifier of the Certificate on Product State Registration (to connect with the Unified Register of State Registration 
Certificates)  

9 Identifier of assigning a product to ‘new product’ category (to connect with the Unified Register of New Food  
Products) 

10 
Identifier of including a product into the State Register of Food Products, Materials and Articles Permitted to be 
manufactured on the territory of the Russian Federation or to be imported into the country and distributed on the 
market 

11 Identifier of the State Registration of genetically modified organisms as well as products manufactured with using 
such organisms or containing them including products imported on the RF territory (https://gmo.rosminzdrav.ru/)  

12 Identifier of the State Registration Certificate issued for a specialized food product (to connect with the Unified Reg-
ister of Specialized Food Products)  

13 Identifier of a document(s) stipulating the requirements in accordance to which products have been manufactured 
(state standards or technical regulations (to connect with the block of regulatory and reference documents (RRD))  

14 Essential elements of a document on assessment (confirmation) of conformance (to connect with registers and/or 
databases containing documents on conformance assessment) 

15 Federal risk category (for a product group) (the indicator is connected to the calculation module) 
16 Regional risk category (for a product group) (the indicator is connected to the calculation module ) 

17 Identifiers of regulatory documents stipulating mandatory sanitary-epidemiological requirements to safety and qual-
ity of products ( to connect with the block of regulatory and reference documents (RRD) )  

18 Indicators and standards established for this type of products  
 
A complete and continuously updated food 

products register appears to be the first manda-
tory component of the suggested model. It 
should include food products that have manda-
tory requirements to their safety and quality and 
are subject to sanitary-epidemiological control 
(surveillance) as independent objects. This pos-
tulate corresponds to the Item 3 in the Provi-
sions on the Federal State Sanitary-
Epidemiological Control (Surveillance)7, which 
declares that ‘Control objects are accounted by 
the Federal Service for Surveillance over Con-
sumer Rights Protection and Human Wellbeing 
… by collecting, analyzing, and keeping data 

on control objects including information about 
products (goods) that are subject to the state 
control (surveillance) performed at the customs 
border and the customs territory of the Eura-
sian Economic Union’. Table 1 provides a ten-
tative structure of such a register. 

Figure 2 provides a proposed scheme of a 
food product register (basic information blocks 
are colored yellow; Russian classifiers, blue; 
various registers (register of economic entities, 
register of state registration certificates, etc.), 
gray. The main part contains some tables that 
provide product profiles (‘Products’ table), 
product connections with various regulatory 

__________________________ 
 
7 O federal'nom gosudarstvennom sanitarno-epidemiologicheskom kontrole (nadzore): Postanovlenie Pravitel'stva Ros-

siiskoi Federatsii ot 30 iyunya 2021 goda № 1100 [On the Federal State Sanitary-Epidemiological Control (Surveillance): the 
RF Government Order on June 30, 2021 no. 1100]. KODEKS: electronic fund for legal and reference documentation. Available 
at: https://docs.cntd.ru/document/607148291 (August 10, 2023) (in Russian). 
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documents (Sanitary Rules and Norms, EAEU 
Technical Regulations, Unified Sanitary-
Epidemiological and Hygienic Requirements to 
Products (Goods) subject to Sanitary-Epide-
miological Surveillance (Control) in the EAEU 
Member States8), reference documents (the 
block of regulatory and reference documents), 
risk levels identified for products, as well as 
documents regarding product conformance with 
state standards, technical regulations, and the 
like, etc. Data are input into the main part con-
sidering data exchange with various registers 
and classifiers by using relevant keys repre-
sented by ‘P’ (primary key) in Figure 2. 

The Product Register provides solid basis 
for filling in results of control and surveillance 
activities into the unified database. Creation 
and maintenance of this base will ensure the 
maximum correct and reliable assessment of 
how frequently mandatory requirements are 
violated and identification of certain regulari-
ties of these violations, both at the regional 
and federal levels, including relevant connec-
tions with data on manufacturers (sellers) of a 

product. The latter is extremely important 
since products are not an independent subject 
in legal relations and only a juridical person or 
a private entrepreneur can be held responsible 
for any violations. 

A potential health risk ( I
foodR ) is deter-

mined as a combination of likely violations of 
legal requirements to a certain product, severity 
of health outcomes due to such violations, and 
coefficients that describe a scale of undesirable 
consequences according to the formula 1: 

 
   I

i

I
i

I
i

I
food MgpR    (1) 

where I
ip  is likelihood that mandatory safety 

requirements to food products are violated as 
per the i-th hazard factor during one inspec-
tion. Hazard factors include all chemicals, 
microbial and parasitic agents, radiological 
indicators, genetically modified organisms, 
etc., that are covered by control and surveil-
lance activities; 

 

 
Figure 2. The scheme of the Register of Consumer Food Products in the Russian Federation 

 subject to sanitary-epidemiological control (surveillance) 
__________________________ 
 
8 O primenenii sanitarnykh mer v Evraziiskom ekonomicheskom soyuze: Reshenie Komissii Tamozhennogo soyuza ot 

28 maya 2010 g. № 299 [On application of sanitary measures in the Eurasian Economic Union: the Decision of the Customs 
Union Commission on May 28, 2010 no. 299]. KODEKS: electronic fund for legal and reference documentation. Available at: 
https://docs.cntd.ru/document/902227557 (August 10, 2023) (in Russian). 
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I
ig  is severity of health outcomes due to 

violation of sanitary-epidemiological  re-
quirements to the i-th hazard factor of a food 
product; the value is determined by identifying 
product hazards and corresponds to the most 
hazardous (severe) health outcome. Each vio-
lation of mandatory requirements is considered 
to be potentially able to cause relevant adverse 
health outcomes to a consumer;  

MI is the coefficient that describes a scale 
of undesirable consequences.  

Frequency (likelihood) of violations of 
mandatory safety requirements to food prod-
ucts as per the i-th hazard factor during one 
inspection ( I

ip ) is identified by using statisti-
cal reports as a ratio of the number of test re-
sults with identified violations to the total 
number of test results (formula 2): 
 

i

iI
i n

mp   (2) 

where im  is the number of food product sam-
ples with values of the i-th hazard factor 
higher than the safety standards per one year; 

in  the total number of tests performed for 
the i-th hazard factor per one year.  

A potential health risk is assessed by using 
the 95 % percentile of violations as per each 
analyzed i-th factor considering data collected 
in all RF regions over a 3-year period and re-
corded in the State Departmental Statistical 
Form no. 18 Data on the Sanitary Situation in a 
RF Region (Section 8 Hygienic Characteristics 
of Food Raw Materials and Food Products). 

Severity of  health outcomes for a con-
sumer exposed to unsafe products is taken in 
accordance with the WHO recommendations 
[13, 14]. For example, severity of rotavirus en-
teritis is estimated between 0.146 and 0.236 
(the mean value is 0.188); E. Coli-caused infec-
tions, between 0.236 and 0.347 (0.270); salmo-
nellosis, between 0.229 and 0.415 (0.355) etc.  

Severity of health outcomes might be ad-
justed to fit into the Russian risk-based sur-
veillance model considering registered cases 
of health harm with solid evidence of their as-
sociation with violations of safety require-

ments to products [15]. Assessment and evi-
dence-based substantiation of health harm 
caused by exposure to hazard factors in prod-
ucts, considering its severity, is a relevant 
trend in hygienic studies and a guarantee that 
health risks are analyzed adequately. 

The coefficient that describes regional 
consumption of food products (M) is deter-
mined as the ratio of the actual regional annual 
consumption of a given product per one person 
to the physiologically substantiated recom-
mended annual consumption of the same 
product (the optimal value is consumption that 
was considered when hygienic safety stan-
dards were developed for this product) per one 
person (formula 3): 

 
k

V
VM
RF

  (3)

where V  is the actual annual regional con-
sumption of a food product per one person 
(tons/year, liters/year, items/year and the like); 

RFV  is the annual consumption of a food 
product per one person at the country level 
(tons/year, liters/year, items/year and the like). 

k is the multiplying coefficient for food 
products included into the consumer product 
basket, k = 10. k = 1 for other types of food 
products. 

At the country level, risk assessment al-
lows establishing the federal priorities and 
identifying large groups of food products with 
typically the highest health risks. Such prod-
ucts are subject to stricter control performed in 
RF regions. Thus, the federal priority groups 
are milk products, meat products, fish prod-
ucts, and food provided by catering organiza-
tions (Table 2). 

It is noteworthy that a positive trend has 
been identified for these product groups since 
frequency of the detected violations has been 
declining. Thus, the 95 % percentile of the de-
tected violations was 0.061 for milk and milk 
products over 2010–2020 at the country level 
(that is, violations were identified in 6.1 % of 
the analyzed samples). Over 2020–2022, its 
value went down to 0.053 (5.3 %). Frequency 
of violations detected in fish and fish products 
went down from 0.086 to 0.065 in the same  
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T a b l e  2   
Categories of food product groups considering 2020–2022 data at the national level: a fragment 

Food product group (branch  
classification of the Sanitary Service) p g R 

Risk level for 
scheduled control 

activities 
Meat and meat products* 0.052 0.198 1.03E-01 Extremely high 
Imported meat and meat products 0.071 0.198 1.41E-02 High 
Poultry and related products, eggs 
included 0.059 0.45 2.66E-01 Extremely high 

Imported poultry and related products 0.183 0.45 8.24E-02 High 
Milk and milk products 0.053 0.35 1.86E-01 Extremely high 
Imported milk and milk products 0.07 0.35 2.45E-02 High 
Fish, fish products, other aquatic or-
ganisms 0.065 0.245 1.59E-01 Extremely high 

Imported fish, fish products, and other 
aquatic organisms 0.086 0.245 2.11E-02 High 

Pre-prepared food 0.042 0.18 7.56E-03 Considerable 
Non-traditional pre-prepared food 0.333 0.065 2.16E-02 High 
Food provided by catering organizations 0.044 0.27 1.19E-01 Extremely high 
Flour-based products and cereals 0.026 0.115 2.99E-02 High 
Bread and bakery 0.035 0.003 1.05E-03 Considerable 
Sugar 0.026 0.002 5.20E-05 Moderate 
Fruit and vegetables 0.021 0.152 3.19E-03 Considerable 
Non-alcoholic drinks 0.077 0.023 1.77E-03 Considerable 
Grain and grain-based foods 0.0001 0.001 1.00E-07 Low 
Mineral water 0.057 0.015 8.55E-04 Medium 
Salt 0.025 0.001 6.10E-05 Moderate 

Note: * products included into the consumer product basket are given in bold (k = 10). 
 

periods. Obviously, the systemic state control 
motivates manufacturers, distributors, and 
sellers to comply with the law, to be responsi-
ble and conscientious. The latter leads to a de-
cline in frequency of detected violations and 
ensures quality and safety of food products in 
the country in general. 

Food products established as an independ-
ent control object are assigned into specific risk 
categories according to the Provisions on the 
Sanitary-Epidemiological Surveillance ap-
proved by the Decision of the RF Chief Sani-
tary Inspector (item 22b). At the same time, it is 
worth noting that considering regional peculi-
arities of food product consumption might be-
come an important trend in the development of 
the risk-based control model. Indicators in-
cluded into product risk assessment differ con-
siderably from region to region. 

Figure 3 provides only two examples of dif-
ferences in frequency of detected violations. Thus, 
in the Central Federal District, frequency of meat 

samples deviating from the hygienic standards var-
ied between 0.0 (0 %) (the Kursk oblast) and 0.116 
(11.6 %) (the Kaluga oblast) in 2022; that is, solely 
this indicator that described frequency of violations 
was able to multiply health risk levels. The indica-
tor that described frequency of violations for the 
‘milk and milk products’ group also varied consid-
erably, though to a lesser extent. 

Frequency of violations of safety re-
quirements to meat products as per sanitary-
chemical indicators varied between 0.0 and 
0.096 in different RF regions; milk and milk 
products, between 0 and 0.091; fish and fish 
products, between 0 and 0.256 (the latter were 
identified for a rather small sample). 

Therefore, history and results of regional 
control can make substantial corrections into 
definition of the most important component in 
health risk, namely, likelihood of an undesir-
able event (violation of requirements to prod-
uct safety and, consequently, an adverse health 
outcome caused by this violation). 
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                     a) meat and meat products                                           b) milk and milk products 

Figure 3. Frequency of violated requirements to microbiological safety of food products in regions 
included into the Central Federal District, 2022 (cases of identified unconformity with the standards 

 per 1 analyzed sample)  

Volumes of food consumption as a tool to 
describe a risk scale differ considerably in dif-
ferent regions and depend on a climatic zone, 
national or religious traditions, availability of 
certain food products and the like.  

Thus, in 2022, meat consumption in the 
country varied between 62.1 (Chuvashia) and 
144.6 kg/person, that is, almost two-fold. Con-
sumption of fish and fish products differed 
even more drastically and varied between 
6.7 kg/person in Tyva and 44.1 kg/person in 
the Nenets Autonomous Area. Consumption of 
fruit and berries varied between 39.4 and 
125.9 kg/person; vegetables and melons, be-
tween 50.4 and 150.2 kg/person; etc. 

In addition to the data taken from the State 
Statistical Bulletin ‘Consumption of Basic Food 
Products by the RF Population9, it seems advis-
able to consider materials derived from the re-
ports of the specialized study entitled Food 
Products Consumption by Households10. The 
latter provides data on a substantially higher 
range of food products consumed by Russians.  

Table 3 compares the results of identify-
ing categories for certain food product groups 
in the Kaliningrad oblast and Buryatiya. 

Risks in these regions were calculated 
considering the history of inspections in them 
over the last three years and regional peculiari-

ties of food consumption. The results derived 
by risk assessment indicate that 10 out of 
15 food product groups in Table 3 create ex-
tremely high risks and are subject to annual 
control in Buryatia whereas only 7 such 
groups are identified in the Kaliningrad oblast.  

The analysis indicates that each region 
should create regional lists of food products 
with identified risk categories considering spe-
cific regional food consumption and the his-
tory of regional inspections. Any control (sur-
veillance) activities should be scheduled based 
on these lists. 

The development of the risk-based control 
model should rely on science-intense systemic 
analysis of the results of control and surveil-
lance activates. This involves considering not 
only results obtained by evaluating risks of 
certain large product groups but also data on 
their manufacturers and sellers as well as spe-
cific consumer demands. Such analysis en-
sures better targeted and more precise selec-
tion of control objects and aims to identify pri-
ority groups among all marketed products. 
A group can be considered a priority if:  

- it is in the highest demand by consumers;  
- violations are detected most frequently 

in products from it;  
- it is typical for certain manufacturers. 

__________________________ 
 
9 Potreblenie osnovnykh produktov pitaniya naseleniem Rossiiskoi Federatsii [Consumption of Basic Food Products by 

the RF Population]. Rosstat. Available at: https://rosstat.gov.ru/compendium/document/13278 (July 19, 2023) (in Russian). 
10 Potreblenie produktov pitaniya v domashnikh khozyaistvakh v 2021 godu po itogam vyborochnogo obsledovaniya 

byudzhetov domashnikh khozyaistv [Food Products Consumption by Households in 2021 as per the results of sample examina-
tion of household budgets]. Rosstat. Moscow, 2022, 86 p. (in Russian). 
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T a b l e  3  
Comparison of risk levels and categories established for certain food product groups in two 

different RF regions  
Kaliningrad oblast Buryatiya Food product R Risk category R Risk category 

Meat and meat products 9.7E-02 High 1.8E-01 Extremely high 
Imported meat and meat products 5.2E-03 Considerable 3.9E-02 High 
Poultry, eggs and products made of them 1.6E-01 Extremely high 3.8E-01 Extremely high 
Milk and milk products 7.9E-01 Extremely high 1.9E+00 Extremely high 
Fats and butter 1.7E-02 High 1.2E-01 Extremely high 
Fish, other aquatic organisms and products  
made of them 3.0E-01 Extremely high 4.0E-01 Extremely high 

Imported fish, other aquatic organisms and  
products made of them 1.8E-02 High 2.2E-01 Extremely high 

Pre-prepared foods 2.7E-02 High 4.7E-02 High 
Non-traditional pre-prepared foods 8.8E-01 Extremely high 4.1E-01 Extremely high 
Food provided by catering organizations 1.6E-01 Extremely high 2.4E-01 Extremely high 
Flour-based products and cereals 8.7E-04 Medium 6.7E-03 Considerable 
Bread and bakery 9.9E-04 Mediaum 8.0E-03 Considerable 
Fruits 1.27E-01 Extremely high 4.22E-01 Extremely high 
Imported fruits 2.24E-02 High 1.21E-02 High 
Vegetables 4.58E-02 Extremely high 1.22E-01 Extremely high 

 
Thus, for example, the analysis of sales on 

the Russia market performed for the ‘milk and 
milk products’ group has revealed that pasteur-
ized milk is in the highest demand by buyers, 
28.0 % (as per sales volumes). It is followed by 
butter and margarine, 17.7 %; sour cream, 
14.1 %; curds, 12.1 %; kefir, 9.4 %; sterilized 
milk, 9.4 %; cream, 3.4 %; other products, 
4.0 % [16]. Correspondingly, it seems logical to 
create a plan for product tests during control 
and surveillance activities considering levels of 
demand for a certain product.  

History of inspections as per each type of 
products is another significant criterion eligible 
for selecting food products for control. The re-
sults of laboratory tests of milk products ob-
tained during control and surveillance activities 
in the Perm oblast over the recent years have 
established that violations (considering both 
product safety and quality) are identified most 
frequently in samples of butter, ice-cream, pas-
teurized and crude milk. They are identified 
least frequently in samples of melted cheese, 
creams, and drinking yogurts. These results can 
be extremely important for substantiating a se-
lection of a specific product for laboratory tests.  

The most significant trend in the devel-
oped of the risk-based model is associated 

with developing approaches that would con-
sider the entire range of criteria when selecting 
a specific product within a control inspection 
including a brand and/or manufacturer thereby 
making this control inspection as targeted as 
only possible.  

The model development also involves op-
timization of the system for laboratory tests of 
food products. This trend in research is ex-
tremely relevant since results obtained by in-
strumental examinations are the most informa-
tive for product risk assessment. They allow 
achieving maximum possible objectivity of 
inspection results [17, 18]. We should bear in 
mind, though, that only limited resources are 
usually allocated on laboratory tests within a 
specific control and surveillance activity. 
Therefore, tests cannot always cover the entire 
range of indicators that describe a safety of an 
object under surveillance [19]. Given that, it is 
necessary to select those indicators that would 
be examined with acceptable costs but provide 
the most informative and reliable support for 
control activities aimed at revealing uncon-
formity with mandatory requirements. A prod-
uct risk profile corresponds to these demands 
since it is usually a typical structure combining 
frequency of violations of mandatory safety 
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requirements to specific product parameters 
and severity of health outcomes due to these 
violations. Approaches to creating product risk 
profiles have already been described in several 
studies; however, they undoubtedly deserve 
being examined in depth and some methodical 
development including consideration of new 
data on products11  [20]. In general, creating a 
risk profile can be considered a tool for raising 
validity and effectiveness of instrumental ex-
aminations.  

Discussion. Development of the risk-
based model for control over food products on 
the consumer market in the RF fully corre-
sponds to the requirements associated with the 
contemporary stage in the development of 
public regulation in the country. Administra-
tive pressure on economic entities ought to be 
easier but the best possible protection of citi-
zens’ life and health as the major country re-
source should be provided. 

Control and surveillance activities (in-
spections) are the key element in ensuring 
these requirements are satisfied. They play the 
most significant role in providing product 
safety and quality. Inspections  should be as 
targeted as only possible and draw attention of 
regulatory authorities to the ‘most risky’ prod-
ucts thereby ensuring removal of unsafe prod-
ucts from the market. Moreover, constant at-
tention a regulatory authority pays to products 
safety requirements to which are violated most 
frequently is a strong warning for economic 
entities and a preventive measure that moti-
vates them to comply with the law. More fre-
quent inspections of the most risky products 
together with less frequent examinations of 
indicators that are scarcely informative should 
ultimately make the consumer market in the 
country safer for consumers without any 
growth in total costs spent on instrumental 
support of control inspections. 

Optimization of control over food prod-
ucts is considered important worldwide. Dif-
ferent countries propose their own approaches 

to how to improve the process. ‘Wise recom-
mendations’ are proposed on how to give up 
low-informative tests and examinations 
[7, 21]. Methodical approaches are being 
tested with the aim to perform precise expert 
selection of the most significant hazard factors 
in certain products in order to control them 
stricter. Thus, Canadian researchers performed 
expert estimates in their study; as a result, 
from the 155 risk factors of food products ini-
tially identified, 17 consolidated factors were 
selected as priority ones and will be consid-
ered for the development of the risk assess-
ment model [22]. At the same time, ap-
proaches, which are based on objective data 
and science-intense analysis, seem to be pref-
erable to subjective expert estimates since they 
ensure systemacy, transparency, and continuity 
of analytical conclusions. 

Conclusion. The contemporary stage of 
the public regulation as regards providing food 
products safety calls for relevant development 
of the risk-based control model. The primary 
task is to create and maintain a unified and up-
dated database on safety and quality of food 
products. This database should integrate the 
results of all the control and surveillance activi-
ties including data obtained by laboratory tests 
of products bound to manufacturers, distribu-
tors, and sellers [23]. At present, absence of the 
complete digital information basis imposes se-
rious limitations on creating product risk pro-
files. Another limiting factor is incomplete reg-
istration of cases when consumers suffer health 
harm caused by unsafe food products. 

The Unified Information System of the 
RF Sanitary Service, which aims to create a 
unified information spaces, is being formed at 
the moment. Experts are going to be given an 
opportunity to work with relevant data arrays 
in the nearest future. In-depth analysis is going 
to require new methodical approaches able to 
provide uniform and correct:  

- substantiation of regional priorities for 
planning control of  food products;  

__________________________ 
 
11 Zaitseva N.V., Alekseev V.B., May I.V., Kleyn S.V., Nikiforova N.V., Chigvintsev V.М., Balashov S.Yu., Sitchikhina L.А. 

Profil' riska moloka i molochnoi produktsii: baza dannykh [Risk profile of milk and milk products: database], Certificate of Database 
Registration: 2021620463, March 11, 2021, application no. 2021620323 dated March 01, 2021 (in Russian). 



Developing model of risk-based sanitary-epidemiological control (surveillance) over food products …  

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 15

- creation of risk profiles for food products; 
- substantiation of optimal volumes and 

structure of laboratory tests within control  
of food products as an independent control 
object.  

It is also quite relevant to include algo-
rithms and mathematical methods of these me-
thodical approaches into software modules of 
the Rospotrebnadzor’s Unified Information 

System. This can be considered a way to de-
velop the model for rick-based sanitary-
epidemiological control (surveillance) of food 
products marketed in Russia. 

 
Funding. The research was not granted any 

sponsor support. 
Competing interests. The authors declare no 

competing interests. 

References 
1. Baranovskaya M.A., Tutarishheva S.M., Ceeva S.K. On the importance of the application of 

HACCP in the sphere of food products. Colloquium-journal, 2019, no. 24–10 (48), pp. 82–84. DOI: 
10.24411/2520-6990-2019-10870 (in Russian). 

2. Rosak-Szyrocka J., Abbase A.A. Quality management and safety of food in HACCP system as-
pect. Production Engineering Archives, 2020, vol. 26, no. 2, pp. 50–53. DOI: 10.30657/pea.2020.26.11 

3. Kho J.S., Jeong J. HACCP-based cooperative model for smart factory in South Korea. Procedia 
Comput. Sci., 2020, vol. 175, pp. 778–783. DOI: 10.1016/j.procs.2020.07.116 

4. Zamyatin A.N., Miguel A.A., Chausov N.Yu. Development of a quality management system 
and safety of dairy products on the basis of HACCP principles. Russian Economic Bulletin, 2020, vol. 3, 
no. 1, pp. 103–107 (in Russian). 

5. Terekhova O.P., Terekhov R.I., Filippov Z.S., Filippova O.A. HACCP as the main mecha-
nism of building quality management system at the enterprise. Ekonomika i predprinimatel'stvo, 
2022, no. 4 (141), pp. 710–714. DOI: 10.34925/EIP.2022.141.4.127 (in Russian). 

6. Ismailov B., Khamrakulov G. Efficiency of HACCP system application in wine-making. Uni-
versum: tekhnicheskie nauki, 2022, no. 2 (95). Available at: https://7universum.com/ru/tech/archive/ 
item/13062 (August 26, 2023) (in Russian). 

7. Dearfield K.L., Hoelzer K., Kause J.R. Review of various approaches for assessing public 
health risks in regulatory decision making: Choosing the right approach for the problem. J. Food Prot., 
2014, vol. 77, no. 8, pp. 1428–1440. DOI: 10.4315/0362-028X.JFP-14-046 

8. Popova A.Yu., Zaitseva N.V., May I.V., Kiryanov D.А., Sboev A.S. Research and methodology 
approaches to the classification of economic units by public health harm risk for scheduling control and 
supervisory events. Health Risk Analysis, 2014, no. 4, pp. 4–13. 

9. Popova A.Yu. Risk analysis as a strategic sphere in providing food products safety. Health Risk 
Analysis, 2018, no. 4, pp. 4–12. DOI: 10.21668/health.risk/2018.4.01.eng 

10. Belova  L.V.,  Kartsev  V.V.,  Pilkova  T.Yu.,  Novikova  Yu.A.  Population  health  risk  
evaluation  to  the  influence  of  factors of  microbial  nature  in  production  and  consumption  of  some  
types  of  unsterilized  fish  products. Profilakticheskaya i klinicheskaya meditsina, 2014, no. 3 (52), 
pp. 38–43 (in Russian). 

11. Kolnet I.V., Klepikov A.O. K voprosu realizatsii programmnogo modulya «Sotsial'no-gigie-
nicheskii monitoring» edinoi informatsionnoi avtomatizirovannoi sistemy Rospotrebnadzora [On the 
issue of implementing the software module “Social and Hygienic Monitoring” of the Unified Informa-
tion Automated System of Rospotrebnadzor]. Gigienicheskie, epidemiologicheskie i ekologicheskie 
aspekty profilaktiki zabolevaemosti na regional'nom urovne: sbornik trudov konferentsii. Voronezh, 
2023, pp. 19–21 (in Russian). 

12. Popova A.Yu., Zaitseva N.V., May I.V., Kiryanov D.A., Kolesnik P.A. Distant control of sani-
tary legislation compliance: goals, objectives, prospects for implementation. Gigiena i sanitariya, 2021, 
vol. 100, no. 10, pp. 1024–1034. DOI: 10.47470/0016-9900-2021-100-10-1024-1034 (in Russian).  

13. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and na-
tional incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 
1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet, 2017, vol. 390, 
no. 10100, pp. 1211–1259. DOI: 10.1016/S0140-6736(17)32154-2  



N.V. Zaitseva, I.V. May, N.V. Nikiforova, D.А. Kiryanov  

Health Risk Analysis. 2023. no. 3 16 

14. Salomon J.A., Haagsma J.A., Davis A., de Noordhout C.M., Polinder S., Havelaar A.H., Cassini 
A., Devleesschauwer B. [et al.]. Disability weights for the Global Burden of Disease 2013 study. Lancet 
Glob. Health, 2015, vol. 3, no. 11, pp. e712–e723. DOI: 10.1016/S2214-109X(15)00069-8 

15. Zaitseva N.V., Kiryanov D.A., Tsinker M.Yu., Babina S.V. The methodological approaches to 
classification of diseases of blood circulation system according to severity degree based on statistic data of 
population appealing for medical care. Problemy sotsial'noi gigieny, zdravookhraneniya i istorii meditsiny, 
2021, vol. 29, no. 4, pp. 871–876. DOI: 10.32687/0869-866X-2021-29-4-871-876 (in Russian). 

16. Obzor NielsenIQ: rynok molochnoi produktsii [NielsenIQ Review: Milk Products Market]. NIQ. 
Available at:  https://nielseniq.com/global/ru/insights/analysis/2019/obzor-nielsen-rynok-molochnoy-
produkcii/ (August 30, 2023) (in Russian). 

17. Kleshchina Yu.V., Eliseev Yu.Yu. Monitoring for contamination of food commodities and food 
products with toxic elements. Gigiena i sanitariya, 2013, no. 1, pp. 1024–1034 (in Russian).  

18. Makarov D.A., Komarov A.A., Selimov R.N. Obespechenie khimicheskoi bezopasnosti 
pishchevoi produktsii v Rossiiskoi Federatsii [Ensuring chemical safety of food products in the Russian 
Federation]. Kontrol' kachestva produktsii, 2017, no. 5, pp. 21–26 (in Russian).  

19. Shaevich A.B. Kontrol' (nadzor) v sfere tekhnicheskogo regulirovaniya: vzglyad na situatsiyu 
[Control (surveillance) within technical regulation: overview of the situation]. Metody otsenki soot-
vetstviya, 2008, no. 1, pp. 13 (in Russian). 

20. May I.V., Nikiforova N.V. Methodological approaches to optimization of the laboratory control 
over product safety within risk-based surveillance framework. Gigiena i sanitariya, 2019, vol. 98, no. 2, 
pp. 205–213. DOI: 10.18821/0016-9900-2019-98-2-205-213 (in Russian). 

21. Protecting resources, promoting value: a doctor’s guide to cutting waste in clinical care. AMRC, 
2014, 62 p. Available at:  https://www.aomrc.org.uk/wp-content/uploads/2016/05/Protecting_Resources_ 
Promoting_Value_1114.pdf (August 27, 2023). 

22. Zanabria R., Racicot M., Cormier M., Arsenault J., Ferrouillet C., Letellier A., Tiwari A., 
Maskay A. [et al.]. Selection of risk factors to be included in the Canadian Food Inspection Agency risk 
assessment inspection model for food establishments. Food Microbiol., 2018, vol. 75, pp. 72–81. DOI: 
10.1016/j.fm.2017.09.019  

23. Pielaat A., Chardon J.E., Wijnands L.M., Evers E.G. A risk based sampling design including 
exposure assessment linked to disease burden, uncertainty and costs. Food Control, 2018, no. 84,  
pp. 23–32. DOI: 10.1016/j.foodcont.2017.07.014 

 
 
Zaitseva N.V., May I.V., Nikiforova N.V., Kiryanov D.А. Developing model of risk-based sani-

tary-epidemiological control (surveillance) over food products in consumer market. Health Risk 
Analysis, 2023, no. 3, pp. 4–16. DOI: 10.21668/health.risk/2023.3.01.eng 

  
 
Received: 03.08.2023 
Approved: 22.09.2023 
Accepted for publication: 25.09.2023 
 



Some proposals on regulation of highly hazardous chemicals in articles  

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 17

UDC 614.3  
DOI: 10.21668/health.risk/2023.3.02.eng 

Read
online

Research article 
 

SOME PROPOSALS ON REGULATION OF HIGHLY HAZARDOUS  
CHEMICALS IN ARTICLES 

Kh.Kh. Khamidulina1,2, Е.V. Tarasova1, А.K. Nazarenko1,3,  
D.N. Rabikova1,2, А.S. Proskurina1,2, I.V. Zamkova1 
1 The Russian Register of Potentially Hazardous Chemical and Biological Substances – the branch of the Federal 
Scientific Center of Hygiene named after F.F. Erisman of Rospotrebnadzor, 8 Bagrationovskiy passage, build. 2, 
Moscow, 121087, Russian Federation 
2Russian Medical Academy for Continuous Occupational Education, 2/1 Barrikadnaya St., build. 1, Moscow, 
125993, Russian Federation 
3Mendeleev University of Chemical Technology of Russia, 9 Miusskaya square, build. 6, Moscow, 125047, 
Russian Federation 
 

 
When developing safety regulations for chemicals, the international society is constantly searching for safer ana-

logues of highly hazardous chemicals to use as alternatives in various products. Within the Scientific Research Work un-
der the State Program ‘Provision of Chemical and Biological Safety in 2021–2024’, The Russian Register of Potentially 
Hazardous Chemical and Biological Substances of the Federal Scientific Center of Hygiene named after F.F. Erisman of 
Rospotrebnadzor has developed a concept on replacement of highly hazardous chemicals in various products (food prod-
ucts, synthetic detergents and household chemicals, pesticides, paints and varnishes, basic chemicals) with their safer 
analogues. Still, we should highlight that regulation of highly hazardous chemicals in articles has not been developed 
sufficiently in the RF. Therefore, the purpose of the study was to provide scientific substantiation for criteria and rules 
for assigning chemicals in articles as prohibited and (or) restricted. 

Materials this study is based on are represented by the regulatory legal acts of the Russian Federation, EEC and the 
EU (in particular, Decrees, Resolutions, Technical Regulations, Directives, Regulations, etc. in the field of safe management 
of substances of concern), as well as domestic and international databases, scientific articles and monographs containing 
information on the toxic properties of chemicals. 

In order to develop effective measures to minimize the risk of exposure to chemicals in articles and their safe manage-
ment at all stages of a life cycle, the study provides substantiation of criteria and rules for assigning chemicals in articles as 
prohibited and (or) restricted and proposes a mechanism for the creation of a National list of chemicals of concern in arti-
cles. When created, this List will allow monitoring of their circulation on the territory of the Russian Federation, proper 
waste disposal, and stimulating research work to find alternatives. 

Keywords: chemical safety, regulation, highly hazardous chemicals, articles, materials, prohibition, restriction, 
analogues. 
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Searching for alternatives and substituting 
highly hazardous chemicals in articles with 
their safer analogues is a key trend in interna-
tional regulation of chemicals safety1. In the 
Russian Federation, the Eurasian Economic 
Commission (EEC) Decision dated 21 April 
2015 no. 30 ‘On Non-Tariff Regulation’ regu-
lates circulation of ozone depleting substances 
and articles containing them, hazardous 
wastes, crop protection chemicals and other 
persistent organic pollutants covered by An-
nexes A and B of the Stockholm Convention, 
narcotics, psychotropic drugs and their precur-
sors. Apart from the aforementioned conven-
tional chemicals regulated by the EEC docu-
ments, the Russian Federation lacks legally 
established mechanisms for identifying, pro-
hibiting or restricting production and con-
sumption of highly hazardous chemicals. 

Within the Scientific Research Work un-
der the State Program ‘Provision of Chemical 
and Biological Safety in 2021–2024’, the Rus-
sian Register of Potentially Hazardous Chemi-
cal and Biological Substances of the Federal 
Scientific Center of Hygiene named after 
F.F. Erisman of Rospotrebnadzor has devel-
oped a concept on replacement of highly haz-
ardous chemicals in various products (food 
products, synthetic detergents and household 
chemicals, pesticides, paints and varnishes, 
basic chemicals) with their safer analogues. 
Scientific substantiation has been provided for 
a National List of chemicals of concern, 1480 

compounds overall; 630 of them are mutagens, 
320 are carcinogens, 271 are toxic for repro-
duction2, 502 are endocrine disruptors3. Crite-
ria have been developed to classify substances 
as candidates for prohibition and (or) restric-
tion and proposals have been formulated on 
relevant amendments into the methodological 
and regulatory framework on chemical safety 
of the Russian Federation [1–7]. 

At the same time, it cannot be stated that 
enough attention has been paid in the RF to 
such important issues as regulation of highly 
hazardous chemicals in articles including their 
prohibition and (or) restriction; monitoring of 
such chemicals at all the stages in the article 
lifecycle (from raw materials to production 
and consumer wastes); proper waste classifica-
tion and utilization considering their hazardous 
properties; searching for alternatives to substi-
tute highly hazardous chemicals with their 
safer analogues [8, 9]. 

The aim of the study was to provide sci-
entific substantiation for criteria and rules for 
assigning chemicals in articles as prohibited 
and (or) restricted. 

Material and methods. Materials this 
study is based on are represented by the regu-
latory legal acts of the Russian Federation, 
EEC and the EU (in particular, Decrees, Reso-
lutions, Technical Regulations, Directives, 
Regulations, etc. in the field of safe manage-
ment of substances of concern), as well as do-
mestic and international databases, scientific 

__________________________ 
 
1 Ob Osnovakh gosudarstvennoi politiki Rossiiskoi Federatsii v oblasti obespecheniya khimicheskoi i biologicheskoi be-

zopasnosti na period do 2025 goda i dal'neishuyu perspektivu: Ukaz Prezidenta RF ot 11.03.2019 № 97 [On the basics of the RF 
state policy in the sphere of providing chemical and biological safety for the period up to 2025 and beyond: The RF President Order 
dated March 11, 2019 no. 97]. Prezident Rossii: official Internet portal. Available at: http://www.kremlin.ru/acts/bank/44066 (July 
01, 2023) (in Russian); Chemicals in products. SAICM: Knowledge Platform of the Strategic Approach to International Chemicals 
Management, 2022. Available at: https://saicmknowledge.org (July 03, 2023); Synthesis Report: OECD Workshop on Approaches 
to Support Substitution and Alternatives Assessment. Series on Risk Management no. 51. OECD, 2019. Available at: 
https://images.chemycal.com/Media/Files/env-jm-mono(2019)3_synth.pdf (July 03, 2023). 

2 MR 1.2.0321-23. Otsenka i klassifikatsiya opasnosti reproduktivnykh toksikantov: Metodicheskie rekomendatsii, utv. 
rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosu-
darstvennym sanitarnym vrachom Rossiiskoi Federatsii A.Yu. Popovoi 4 aprelya 2023 g. [Assessment and classification of 
substances toxic for reproduction: Methodical guidelines, approved by A.Yu. Popova, Head of the Federal Service for Surveil-
lance on Consumer Rights Protection and Human Wellbeing, the RF Chief Sanitary Inspector, on April 4, 2023]. Moscow, the 
Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2023, 32 p. (in Russian). 

3 MR 1.2.0313-22. Otsenka i klassifikatsiya opasnosti endokrinnykh razrushitelei: Metodicheskie rekomendatsii, utv. 
rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosu-
darstvennym sanitarnym vrachom Rossiiskoi Federatsii A.Yu. Popovoi 30 dekabrya 2022 g. [Assessment and classification of 
endocrine disruptors: Methodical guidelines, approved by A.Yu. Popova, Head of the Federal Service for Surveillance on Con-
sumer Rights Protection and Human Wellbeing, the RF Chief Sanitary Inspector, on December 30, 2022]. Moscow, the Federal 
Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2022, 86 p. (in Russian). 
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articles and monographs containing informa-
tion on the toxic properties of chemicals. 

Results and discussion. According to the 
State Standard GOST 32419-2022 Chemical 
Hazard Classification. General Requirements4, 
articles are ready items that have passed 
through all the technological stages in produc-
tion, during which they have been given a spe-
cific shape, surface, or design that determine 
their functional purpose to a greater extent 
than their chemical composition; such items 
are ready for private use or use in other pro-
duction in a form they have been produced by 
their manufacturer. In Russia, requirements to 
safety of chemical products, including classifi-
cation of their hazards and elements of infor-
mation system (labeling and safety data sheet) 
are established by the Technical Regulations 
of the Eurasian Economic Union ‘On the 
Safety of Chemical Products’ (TR EAEU 
041/2017, has not come into force yet)5 and 
the National Technical Regulations ‘On the 
Safety of Chemical Products’ (draft). In con-
trast to chemical products, articles are not 
regulated by the foregoing regulations. Mean-
while, many articles contain highly hazardous 
chemicals that can pose serious threats for 
human health and the environment both in 
short- and long-term prospect. It is noteworthy 
that information about such chemicals is not 
usually provided on labels and (or) in support-
ing documents and this creates certain diffi-
culty in, for example, monitoring over circula-
tion of highly hazardous chemicals as well as 
hazard classification and proper utilization of 
consumer waste.  

 In the Russian Federation, the following 
Technical Regulations (TR) establish safety 
requirements for different articles: 

 TR CU 003/2011 On safety of railroad 
Infrastructure; 

 TR CU 005/2011 On safety of package; 
 TR CU 007/2011 On safety of products 

for children and adolescents; 
 TR CU 008/2011 On safety of toys; 
 TR CU 010/2011 On safety of machin-

ery and equipment; 
 TR CU 014/2011 Motorways safety; 
 TR CU 017/2011 On safety of light in-

dustry products; 
 TR CU 018/2011 On safety of wheeled 

vehicles; 
 TR CU 019/2011 On safety of personal 

protection equipment; 
 TR CU 025/2012 On safety of furniture; 
 TR CU 026/2012 On safety of small 

vessels; 
 TR CU 031/2012 On safety of agricul-

tural  and forestry tractors and trailers for them; 
 TR CU 032/2013 On safety of equip-

ment operating under excessive pressure; 
 TR CU 035/2014 Technical Regula-

tions for tobacco products; 
 TR EAEU 037/2016 On restricting the 

use of hazardous chemicals in electric and 
electronic items; 

 TR EAEU 038/2016 On safety of at-
tractions; 

 TR EAEU 050/2021 On safety of pro-
duces used in civil defense and protection 
against natural or technogenic emergencies; 

 TR EAEU 052/2021 On safety of 
metro rolling stock. 

The task was to substantiate criteria and 
rules for assigning chemicals in articles as pro-
hibited and (or) restricted. To do that, the fore-
going regulations were analyzed considering an 
article’s name, a type of a material it was made 
of (polymer, glass, ceramics, metal, alloy, etc.), 
controlled chemicals, safety requirements to 
articles including prohibitions and restrictions, 

__________________________ 
 
4 GOST 32419-2022. Klassifikatsiya opasnosti khimicheskoi produktsii. Obshchie trebovaniya, vved. v deistvie 

01.01.2023 [Chemical Hazard Classification. General Requirements, introduced on January 01, 2023]. Moscow, Russian Stan-
dardization Institute, 2022, 40 p. (in Russian). 

5 TR EAEU 041/2017. O bezopasnosti khimicheskoi produktsii: Tekhnicheskii reglament Evraziiskogo eko-
nomicheskogo soyuza, prinyat Resheniem Soveta Evraziiskoi ekonomicheskoi komissii ot 3 marta 2017 goda № 19 (ne vstupil 
v silu) [On the Safety of Chemical Products: the Technical Regulations of the Eurasian Economic Union, approved by the Deci-
sion of the Council of the Eurasian Economic Commission on March 3, 2017 no. 19 (has not come into force yet)]. KODEKS: 
electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/456065181 (July 04, 2023) 
(in Russian). 
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levels of chemicals migration into various me-
dia (air, water, a model environment, etc.). 

One hundred and twenty-four chemicals 
were identified after requirements to chemical 
safety were analyzed. These chemicals are 
regulated by Technical Regulations of the Cus-
toms Union (TR CU) in light industry articles, 
articles for children and adolescents, toys, fur-
niture, tobacco articles, personal protection 
equipment as well as in electric and electronic 
articles. Fifty of them (40.3 %) are volatile or-
ganic compounds (VOCs); 33 (26.6 %) are 
heavy metals and their salts. Chemicals that 
are subject to the strictest regulation include 
formaldehyde (213 indicators in TR CU), ac-
etaldehyde (116), methanol (96), phenols (77), 
acetone (64), lead and its compounds (58), bu-
tanol (55), toluene (50), zinc and its com-
pounds (45), and mercury and its compounds 
(37). Chemicals in articles regulated by TR 
CU (the first 10 positions) are given in Table 1 
together with a type and category of hazards 
they pose according to the GHS (Globally 

Harmonized System of Classification and La-
belling of Chemicals). 

The analysis of the TR CU requirements 
revealed that the main criteria for chemicals in 
articles hazardous for human health include 
such indicators as mutagenic and carcinogenic 
effects, toxicity for reproduction, effects on the 
endocrine system, as well as some additional 
hazards including acute toxicity by inhalation 
or skin contact (hazard category 1 and 2), irri-
tation of the respiratory tract,  narcotic effect; 
impacts on target organs and (or) systems un-
der single and (or) multiple (long-term) con-
tacts with a chemical, respiratory and (or) skin 
sensitization, skin and eye damage (hazard 
category 1). At the same time, it is not advis-
able to take into account such type of hazards 
as acute toxicity caused by swallowing or aspi-
ration in the case of articles due to the impos-
sibility and (or) low probability of the process. 

Figure 1 shows distribution of hazardous 
properties of chemicals in articles regulated by 
TR CU. 

T a b l e  1  
Chemicals in articles regulated by TR CU (the first 10 positions) 

Hazard category 
CAS name 

Number of 
indication in 

TR CU M C R E Additional hazard 

Formaldehyde 
50-00-0 213 2 1А 1 2 

skin (category 1В) and eye (category 1) burns, skin sensitization 
(category 1), after repeated / long-term inhalation exposure: the 
respiratory system (category 1) 

Acetaldehyde 
75-07-0 116 - 2 - 3 respiratory tract irritation (category 3), narcotic effect (category 3) 

Methanol 
67-56-1 96 - - 2 2 under single exposure: the central nervous system, eyes (category 1)

Phenol 
108-95-2 77 2 - 1 - 

skin (category 1В) and eye (category 1) burns, after repeated / 
long-term inhalation exposure: the nervous and respiratory sys-
tems (category 2) 

Acetone 
67-64-1 64 - - 2 - respiratory tract irritation (category 3), narcotic effect (category 3)

Lead* 
7439-92-1 58 - 2 1А - after repeated / long-term exposure: the hematopoietic and nerv-

ous systems, kidneys (category 1) 
Butanol 
71-36-3 55 - - - - respiratory tract irritation (category 3), narcotic effect (category 3)

Toluene 
108-88-3 50 - - 1В 2 aspiration hazard (category 1); after repeated  / long-term inhala-

tion exposure: the nervous system (category 2) 
Zinc* 

7440-66-6 45 - - - - eye damage (category 1), after repeated  / long-term exposure: the 
respiratory and hematopoietic system (category 1) 

Mercury* 
7439-97-6 37 - - 1 - acute inhalation toxicity (category 1), after repeated  / long-term 

inhalation exposure: the nervous system (category 1) 
Note: *This position includes both a metal and its ion forms and classification can be different for each spe-

cific case; М is mutagen; C is carcinogen; R is toxic for reproduction; E is endocrine disruptor; hazard categories 
are given in accordance with the GHS classification. 
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Figure 1. Distribution of hazardous properties of chemicals in articles regulated by TR CU 

Major hazards posed by chemicals in arti-
cles are reproductive and developmental toxic-
ity (19 % of the chemicals regulated by TR 
CU are toxic for reproduction, categories 1 and 
2 according to the GHS), respiratory and (or) 
skin sensitization (17 %), irritation of the res-
piratory tract (16 %), and effects on the endo-
crine system (13 %). 

Since approximately 40 % of the chemi-
cals in articles regulated by TR CU are VOCs 
and are represented by, for example, monomers 
of polymers (vinyl acetate, methyl methacry-
late, formaldehyde, chloroprene and others) or 
solvents (toluene, hexane, heptane, and others), 
it is possible to assume that VOCs levels in ar-
ticles are going to decline over time of use and, 
consequently, hazards posed by them will also 
decrease. Irritation of the respiratory tract, res-
piratory and (or) skin sensitization, and narcotic 
effect are intrinsic mostly to VOCs; conse-
quently, in long-term prospect, the greatest haz-
ards will be posed by chemicals in articles that 
do not belong to VOCs and are able to produce 
some specific and delayed effects, including 
mutagenic and carcinogenic ones, reproductive 
toxicity, and effects on the endocrine system. 
Among such chemicals, it can be mentioned, 
for example, heavy metals and their organic 
compounds able to modify some properties of 
materials applied to manufacture articles 

(photoinitiators, stabilizers, flame retardants, 
hardeners, accelerants, preservatives, and oth-
ers). It is noteworthy that for chemical products 
released into circulation on the territory of the 
Russian Federation, the legislation requires the 
preparation of a safety data sheet containing 
information about the hazardous components of 
the product, as well as the classification and 
labeling of hazards. This allows monitoring 
hazardous chemicals in products at any stage in 
the lifecycle (from raw materials to production 
and consumer waste) and provides safety when 
dealing with them. However, when it comes 
down to articles, such data is not provided and 
this creates serious difficulties not only for 
proper waste disposal including possible recy-
cling and reuse but also for studies with their 
focus on searching for alternatives to substitute 
highly hazardous chemicals in articles with 
their safer analogues. 

At present, the list of chemicals in articles 
regulated by TR CU includes, in addition to 
VOCs and heavy metals, a few other sub-
stances used as additives to polymer materials. 
They include antioxidants, such vulcanization 
accelerants as thiazole and thiuram, tin and its 
compounds, polybrominated diphenyls, and 
diphenyl ethers. Still, a wide range of highly 
hazardous chemicals is practically not regu-
lated in the RF at all and this is contrary to in-



Kh.Kh. Khamidulina, Е.V. Tarasova, А.K. Nazarenko, D.N. Rabikova, А.S. Proskurina, I.V. Zamkova  

Health Risk Analysis. 2023. no. 3 22 

ternational trends as regards regulation of their 
safety.  

For example, the European list of sub-
stances in articles of very high concern for 
human health and the environment (so called 
Candidate List)6 currently consists of 235 posi-
tions including:  

– category 1A or 1B carcinogens accord-
ing to the GHS; 

– category 1A or 1B mutagens according 
to the GHS; 

– category 1A or 1B reproductive toxi-
cants according to the GHS; 

– persistent, bioaccumulative and toxic 
substances (PBT); 

– very persistent and very bioaccumula-
tive (vPvB); 

– endocrine disruptors; 
– respiratory sensitizers; 
– chemicals with specific target organ 

toxicity after repeated exposure; 
– other chemicals, for which scientific 

evidence is provided confirming likelihood of 
considerable health outcomes or effects on the 
environment comparable with those listed 
above (Article 57, REACH).  

Since the chemicals from the Candidate 
List are considered those that might be pro-
hibited and (or) restricted in the nearest fu-
ture, a chemical having one or several of the 
enlisted hazard types is the necessary, but 
not sufficient, condition for it to be included 
into the Candidate List. It is also important 
to study a possibility whether this compo-
nent could be substituted in an article with 
its safer alternative considering technical 
feasibility and assessment of involved socio-
economic risks. 

All the companies operating in the EU 
countries that produce, import, or deliver 
goods (articles) onto the EU market containing 
chemicals from the Candidate List, that is 
chemicals of very high concern, in quantity 
exceeding 0.1 % as per an article mass, are 
obliged to provide information about such 

goods (articles) in specific notifications sub-
mitted to the European Chemicals Agency 
(ECHA). This makes it possible to monitor 
hazardous chemicals at all the stages in the 
article life cycle.  

The Substances of Concern In Product as 
such or in complex objects (Articles) database 
(SCIP)7 was created by the European Chemi-
cals Agency in 2021. It contains data on haz-
ardous chemicals in articles and goods distrib-
uted on the European Union market. Analysis 
of this database revealed chemicals that were 
the most frequent to be detected in articles and 
goods. They include lead and its compounds, 
boron and its compounds, ethylene thiourea, 
bisphenol A, siloxanes, chlorinated paraffins 
С14-С17, chromium (VI) compounds, phtha-
lates, and ethoxylated nonylphenols (Table 2 
and Figure 2). Table 2 provides the first 
25 positions as per the number of notifications 
submitted by companies between 01 January 
2021 and 01 August 2023 as well as the reason 
why a chemical in an article is considered of 
concern, the exact number of notifications, and 
a range of use. As for the latter, the leading 
place in the Candidate List belongs to addi-
tives to polymers (photoinitiators, stabilizers, 
and flame retardants). It is noteworthy that the 
European Candidate List does not include any 
VOCs and the emphasis is on hazards posed 
by chemicals in articles in the long term. 

The European approach to creating 
groups of articles that cause concern for hu-
man health and the environment allows identi-
fying several categories: articles made of ce-
ramics; glass; metal; leather; paper and board; 
plastic and polymers; rubber and elastomers; 
stone, plaster, and cement; fiber include tex-
tile; wood; others (mixed materials). The 
chemicals included in the Candidate List are 
most frequently identified in articles made of 
metal (39 % of the submitted notifications), 
mixed materials (21 %), glass (11 %), rubber 
and elastomers (10 %), plastic and polymers 
(9 %) (Figure 3). 

__________________________ 
 
6 Candidate List of substances of very high concern for Authorization. ECHA: European Chemicals Agency. Available at: 

https://echa.europa.eu/candidate-list-table (July 03, 2023). 
7 SCIP Database. ECHA: European Chemicals Agency. Available at: https://echa.europa.eu/scip-database (July 03, 2023). 
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T a b l e  2  
Chemicals in articles notified within the SCIP 2021–2023 (the first 25 positions) 

No. Name CAS No. The reason for inclusion
 into the Candidate List

Number of
 notifications* Range of use 

1. Lead and its compounds 7439-92-1 
and others Toxic for reproduction 9852535 Electric and electronic equipment, vehicles, 

batteries and accumulators 

2. Boron and its compounds 7440-42-8 
and others Toxic for reproduction 1716812 

Articles made of stone, plaster, cement, glass, 
ceramics, plastic, leather, textiles, electric and 
electronic equipment, construction materials 

3. Imidazolidine-2-thione  
(ethylene thiourea) 96-45-7 Toxic for reproduction 1228390 Accelerator of neoprene rubber vulcanization  

4. 4,4'-Isopropylidenediphenol  
(bisphenol А) 80-05-7 Toxic for reproduction,

endocrine disruptor 1102646 
Manufacture of plastic, polycarbonate plastic, 

epoxy resins; electric and electronic equipment, 
thermal paper 

5. Decamethylcyclopentasiloxane 541-02-6 PBT; vPvB 1085887 Used in manufacture of plastic articles 
 and rubber articles 

6. Octamethylcyclotetrasiloxane 556-67-2 PBT; vPvB 1073677 Used in manufacture of plastic articles  
and rubber articles 

7. 2-Methyl-1-(4-methylthiophenyl)-2-
morpholinopropan-1-one 71868-10-5 Toxic for reproduction 852311 Photoinitiator of polymerization 

8. Tris (nonylphenyl) phosphite 

26523-78-4, 
3050-88-2, 
31631-13-7, 
106599-06-8 
and others 

Endocrine disruptor 822419 Plastic and rubber manufacture;  
food contact packaging 

9. 

1,6,7,8,9,14,15,16,17,17,18,18-  
Dodecachloropentacyclo  
[12.2.1.16,9.02,13.05,10] 

octadeca-7,15-dien  
(“Dechlorane plus”™) 

13560-89-9 vPvB 764317 Flame retardants for thermoplastic materials 

10. 2-Benzyl-2-dimethylamino-4'- 
morpholinobutyrophenone 119313-12-1 Toxic for reproduction 749979 

Photoinitiator of polymerization,  
pigmentation of US-hardened systems,  

photoresistors, print plates 

11. 1,1'-Azobiscarboxamide 123-77-3 Respiratory sensitizing 
properties 748211 Foaming agents, manufacture of textile articles, 

plastic, rubber, construction materials 
12. 1,2-Dimethoxyethane 110-71-4 Toxic for reproduction 686611 Electric and electronic equipment, batteries 
13. 2-Methylimidazole 693-98-1 Toxic for reproduction 686337 Epoxy resin hardener 

14. 6,6'-Di-tret-butyl-2,2'- 
methylendi-p-cresol 119-47-1 Toxic for reproduction 683227 Antioxidant, manufacture of rubber,  

oil articles, fiber, varnishes and paints 
15. Chlorinated paraffins С14-С17 85535-85-9 PBT; vPvB 672779 Electric and electronic equipment 
16. Dodecamethylcyclohexasiloxane 540-97-6 PBT; vPvB 616328 Articles made of rubber and plastic 

17. 1,3,5-Tris(oxirane-2-methyl)- 
1,3,5-triazin-2,4,6-(1Н,3Н,5Н)-trion 2451-62-9 Mutagen 598114 Polyether powder paints hardener  

18. 
2-Ethylhexyl-2-{[({2-[(2-ethyl-
hexyl)oxi]-2-oxoethyl}sulfanyl) 
dioctilestannil]sulfanyl}acetate 

15571-58-1 Toxic for reproduction 577018 Thermal stabilizer of polyvinylchloride 
 in food package  

19. Dicyclohexyl phthalate 84-61-7 Toxic for reproduction,
endocrine disruptor 574011 

Articles made of polyvinylchloride, rubber, 
plastic; textiles, electric and electronic  

equipment, vehicles 

20. Chromium (VI) compounds 
1333-82-0, 
24613-89-6 
and others 

Mutagen, 
carcinogen 484806 Electric and electronic equipment, vehicles 

21. Ethoxylated nonylphenol - Endocrine disruptor 473720 Non-ionic surfactant, textiles, leather articles, 
metal processing 

22. Bis(2-ethylhexyl)phthalate 117-81-7 Toxic for reproduction,
endocrine disruptor 455496 

Plasticizer, manufacture of plastic and rubber, 
vehicles, textiles, electric and electronic 

 equipment, construction materials, batteries and 
accumulators 

23. Bis(2-(2-methoxyethoxy) 
ethyl)ether 143-24-8 Toxic for reproduction 442439 Electric and electronic equipment 

24. 2,2',6,6'-Tetrabromo-4,4'- 
isopropylidenediphenol 79-94-7 Carcinogen 404195 Flame retardants for resins and  

polymer materials  

25. Benzene-1,2,4-tricarboxylic  
acid 1,2-anhydride 552-30-7 Respiratory sensitizing 

properties 382426 
Epoxy resin hardener and inhibitor  

in PVC-pastes used in linoleum manufacture; 
electric and electronic equipment, vehicles 

Note: * EU companies have submitted 10,592,895 notifications between January 01, 2021 and August 01, 2023; 
PBT means persistent, bioaccumulative and toxic substances; vPvB means very persistent and very bioaccumulative.  
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Figure 2. Distribution of hazardous properties of chemicals in articles subject to notification being 

submitted to SCIP considering all the notifications submitted between 01 January 2021 and 01 August 
2023 (А), considering the most frequent 25 (B); included into the Candidate List (C) 

 
Figure 3. Distribution of notifications on chemicals from the Candidate  

List as per categories (groups) of articles  
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The analysis of distribution of hazardous 
properties of chemicals included in the Candi-
date List and chemicals in articles notified to 
the SCIP showed that the main types of haz-
ards are reproductive toxicity (26–30 % of 
chemicals have this type of hazard), carcino-
genicity (15–20 %), endocrine disrupting  
(17–21 %), very persistent and highly bioac-
cumulative (11–17 %). 

In order to develop effective measures to 
minimize the risk of exposure to chemicals in 
articles and its safe management at all stages 
of the life cycle, including prohibition and (or) 
restriction, proper waste disposal, stimulating 
research to find alternatives, as well as creat-
ing a transparent mechanism that allows the 
chemical to be classified as prohibited and (or) 
restricted, it is considerable to create and 
maintain a National List of chemicals of con-
cern in articles. 

Such a List should include both sub-
stances that have acute (e.g., VOCs) and de-
layed effects. The European approach to creat-
ing a Candidate List, which excludes VOCs 
from consideration, is inapplicable in the Rus-
sian Federation, because VOCs are: 

– highly hazardous chemicals (for exam-
ple, formaldehyde is a mutagen category 2, 
carcinogen – 1A, toxic for reproduction – 1, 
endocrine disruptor – 2; benzene is mutagen – 
1B, carcinogen – 1A, toxic for reproduction – 
1; vinyl chloride is carcinogen – 1A, endocrine 
disruptor – 2, toxic for reproduction – 2); 

– widely used in synthesis of polymer ma-
terials of articles most people come in contact 
with; 

– pollute the environment by migrating into 
ambient air and water. This is becoming an acute 
problem especially for sensitive population 
groups (for example, formaldehyde migrates into 
ambient air from construction materials). 

It is necessary not only to control VOCs 
levels in articles and check whether they com-
ply with TR CU requirements but also to 
search for ways to decrease these levels and 
(or) to substitute VOCs in articles with safer 
alternatives. 

Candidates for inclusion in the National 
List of chemicals of concern in articles are 

chemicals classified in accordance with the 
GHS:  

– carcinogens (hazard categories 1 and 2); 
– mutagens (hazard categories 1 and 2); 
– toxic for reproduction (hazard catego-

ries 1 and 2); 
– endocrine disruptors (hazard categories 

1 and 2); 
– acutely toxic by inhalation and skin 

contact (hazard categories 1 and 2); 
– skin and eye damage (hazard category 1); 
– respiratory and (or) skin sensitization 

(hazard category 1); 
– chemicals with specific target organ and 

(or) system toxicity after single and (or) re-
peated (long-term) exposure (including those 
able to produce narcotic effect and irritating 
the respiratory tract); 

– acute (hazard category 1) and chronic 
(hazard categories 1 and 2) toxicity for aquatic 
biota [10]; as well as chemicals, which are  

– persistent, bioaccumulative and toxic 
substances 

– very persistent and very bioaccumulative. 
Chemicals classified as carcinogens, 

mutagens, toxic for reproduction, and endocrine 
disruptors of hazard categories 1 and 2 accord-
ing to the GHS are included into the National 
List of chemicals of concern that consists of 
1480 positions. Of them, 630 chemicals are 
mutagens; 320 are carcinogens; 271 are toxic 
for reproduction; 502 are endocrine disruptors 
(12 chemicals have all four effects and 29 
chemicals have three of them). Comparison of 
the National List of chemicals of concern with 
the RF Inventory List of Chemicals obtained as 
part of the inventory and posted on the State 
Industry Information Website (as of July 2023) 
showed that 1295 items (87.5 %) are circulating 
in the Russian Federation. 

In addition to evaluating and classifying 
hazards for human health and the environment, 
the following points are to be considered prior 
to including a chemical into the National List 
of chemicals of concern in articles: 

– risk of exposure, 
– a number of person in contact, 
– production volumes, 
– application area, 
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– migration from articles into ambient air 
and water, 

– method of disposal (recycling), 
– possibility to substitute a chemical with 

its safer alternatives considering the interna-
tional experience in the sphere.  

Some alternatives have already been de-
veloped or (are) being developed now for 
many chemicals enlisted in international con-
ventions (Stockholm and Rotterdam Conven-
tions) as well as for chemicals from the Euro-
pean Candidate List. These alternatives con-
sider an application area for a specific 
chemical (Table 3) [11, 12]. 

The creation of a National List of chemi-
cals of concern in articles will make it possible 
to organize monitoring of their circulation on 
the territory of the Russian Federation. Within 
implementation of the National Technical 
Regulations ‘On the Safety of Chemical Prod-
ucts’ permissive registration might be intro-
duced for such chemicals. In addition, with the 
involvement of manufacturers, it is possible to 
form a database ‘Substances in articles’, which 
will facilitate establishing the composition of 

consumption and production waste as well as 
their proper classification and disposal. 

An ultimate decision on assigning a 
chemical in an article as prohibited and (or) 
restricted should be based on an expert report 
issued with the participation of representatives 
from Federal Service for Surveillance on Con-
sumer Rights Protection and Human Wellbe-
ing, the RF Ministry of Health, the RF Minis-
try of Industry and Trade, the RF Ministry of 
Natural Resources and Environment, the RF 
Ministry of Agriculture, and the RF Ministry 
of Economic Development. The report should 
cover the following points: 

– assessment and classification of hazards 
and risks of exposure to a chemical for human 
health and the environment; 

– substantiation of its permissible levels 
in an article, levels of its migration into ambi-
ent air and water; 

– information about alternatives includ-
ing safer chemical analogues, technological 
alternatives, a possibility to apply organiza-
tional measures as a substitute for a hazard-
ous chemical; 

T a b l e  3  
Some examples of substituting hazardous chemicals in articles [13–20] 

№ Name Substitute (alternative) 

1 Lead and its compounds 
 magnesium and aluminum hydrates in manufacturing rubber and 
plastic articles, 
 synthetic hydrotalcit as thermal stabilizer in PVC manufacture 

2 Bisphenol А 

 polyamide in children bottles made of transparent hard plastic; 
 so-polymer of dimethyl terephthalate, cyclohexanedimethanol, 
and 2,2,4,4-tetramethyl-1,3-cyclobutandiol in bottles for drinks; 
 a mixture based on vegetable oil and resin as an inner surface of a 
package   

3 Di(2-ethylhexyl)phthalate 

 diisononyl adipate, acetyltirbutylcitrate, diisononyl cyclohex-
ane1,2-dicarboxilate, 
di(2-ethylhexyl)terephthalate, phenyl ethers of С10-С18-alkyl-
substituted sulfonic acids as plasticizers in toys and childcare items; 
 copolymer of ethene-1-acetene to substitute a basis of PVC carpet 
and phthalate plasticizer; 
 dimethyl siloxane and methyl hydrosiloxane in plastisol printing 
and textile manufacturing  

4 2,2',6,6'-Tetrabromo-4,4'-
isopropylidenediphenol 

 aluminum hydroxide, melamine polyphosphate, aluminum salt of 
diethyl phosphine acid, boehmite 

5 Perfluorooctanesulfonic acid  paraffins in textiles and carpets; siloxanes modified with alpha-
olefin; polyurethanes modified with fatty acids   
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– assessment of alternatives;  
– assessment of socioeconomic risks as-

sociated with prohibition and (or) restriction of 
a chemical; 

– an overall conclusion whether a chemi-
cal can be assigned as prohibited and (or) re-
stricted. 

Conclusion. Upon completion of the pre-
sent study, the following results have been 
achieved. The criteria and rules for assigning 
chemical substances in articles as prohibited 
and (or) restricted have been substantiated;  

a mechanism has been proposed for the crea-
tion of a National List of chemicals of concern 
in article. When created, this List will allow 
monitoring of their circulation on the territory 
of the Russian Federation, proper waste dis-
posal, and stimulating research work to find 
alternatives. 
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AGE DYNAMICS OF CANCER INCIDENCE INTENSITY INDICATES EXISTENCE 
OF SOME FRAILTY SUBROUPS 
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Southern Urals Biophysics Institute, 19 Ozerskoe highway, Ozersk, 456780, Russian Federation  
 

 
The problem of managing population and occupational risks of cancer incidence or mortality presupposes knowledge 

on biological mechanisms of their formation. These mechanisms determine dynamics of mass processes recorded by statis-
tics. However, there is still no clear understanding of the causal relationship between possible factors of cancer incidence 
and its real dynamics. The article analyzes a hypothesis about significant influence on dynamics of incidence rates between 
‘health’ and ‘disease’ states exerted by an intermediate transitional and objectively existing ‘frailty’ state, which is charac-
terized by accelerated withdrawal from observation compared with the intensity associated with the general variability of 
individual properties of a population. 

It has been statistically established that the dynamics of such common diseases as stomach cancer, lung cancer, breast 
cancer, prostate cancer, and thyroid cancer can be explained by the fact that almost all diagnosed cases are observed after 
an individual enters a vulnerable group long before the diagnosis itself. From this point of view, two fundamentally different 
biological mechanisms of occurrence of neoplasms should be distinguished: induction as a transition from the state of 
‘health’ to the state of ‘frailty’, as well as promotion as a transition from ‘frailty’ to ‘disease’. Each of these transformations 
should be characterized in a population by their intensity and their dependence on endogenous or exogenous risk factors. 

It is shown that some known facts of paradoxical changes in radio-sensitivity indicators can be satisfactorily inter-
preted within the concept of a frailty subgroup by using numerical modeling on the example of modifying the dynamics of 
thyroid cancer incidence under influence of ionizing radiation. The facts were established in 1994–2006 and have not yet 
received a proper explanation since the concept discussed by the authors of the studies has not been involved. 

Keywords: frailty, compartment, intensity, heterogeneity, survival, rate, risk, cohort, population. 
 

 
The concept of frailty (vulnerability) is a 

clear way to describe unobservable reasons for 
occurrence of random effects. First of all, it 
applies to oncology in cases when there are 
signs of hidden heterogeneity detected in a co-
hort when analyzing data on survival rates in 
it. Inherently, the concept takes its origin in the 
study by Greenwood and Yule on ‘proneness 
to accidents’1. The term ‘frailty’ was obvi-
ously first introduced in the study [1] when the 
authors were describing longitudinal analysis 
of survival rates in cohorts. Later on, the con-
cept of frailty was successfully promoted by 
several other researchers [2–4]. Russian scien-

tists have made their contribution to its devel-
opment as well [5, 6]. 

The main difficulty typical for analysis 
within the ‘frailty’ concept is that there are no 
reliable indicators of individual frailty that 
would facilitate observation of biomedical ef-
fects in an association with their signaling signs. 
This would allow establishing cause-effects rela-
tions directly in case there were objectively any. 
On the one hand, this fact stimulates the re-
searchers to actively look for frailty indicators 
but on the other hand it makes the very concept 
of frailty vapid since it replaces working with 
some informative markers with analyzing a set 

__________________________ 
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T a b l e  1  
Thyroid cancer incidence among women in Russia [8] 

Age group 
(years) 

Rate 
5 1( 10 year )  Age group (years)

Rate 
5 1( 10 year )  Age group (years) 

Rate 
5 1( 10 year )  

0−4 0.00 30−34 7.58 60−64 22.29 
5−9 0.05 35−39 10.61 65−69 24.21 

10−14 0.76 40−44 13.95 70−74 14.86 
15−19 2.04 45−49 15.86 75−79 11.90 
20−24 3.05 50−54 18.47 80−84 7.75 
25−29 5.73 55−59 21.72 85+ 5.52 
 

of concomitant (secondary) signs, either physio-
logical or even sociological ones. This creates 
multiple surrogate predictive models for ranking 
patients with the use of various clinical predic-
tors (GRACE, TIMI, PAMI, PURSUIT, 
CADILLAC and the like [7]). 

Materials and methods. Meanwhile, it is 
sometimes still possible to gain direct evidence 
of vulnerable subgroups existing objectively in 
cohort or population studies. For example, this 
can be achieved by analyzing age-specific dy-
namics of annual cancer incidence rates or can-
cer mortality rates, both indicators being moni-
tored in the Russian Federation by experts from 
the P.A. Herzen’s Moscow Scientific Research 
Oncological Institute [8]. It is worth noting that 
in this case an analysis will be based on indirect 
observations since the tables created in the In-
stitute do not contain any unobservable or hid-
den variables able to describe elevated frailty 
for a part of an analyzed population. Let us 
provide more detailed data on thyroid cancer 
incidence among women in Russia in various 
subgroups where age dependence is substan-
tially nonmonotonic growing up to 65 years of 
age approximately according to the power-level 
law and then showing a paradox decline almost 
down to zero in the subgroup aged 85 years and 
older (Table 1). 

This analysis can be performed by using 
mathematical modeling. In contrast to tradi-
tional description of conditional survival rates 
that implies a homogenous group of individu-
als with the same chances to drop out of epi-
demiological observations, we are going to 
consider a heterogeneous cohort that consists 
of two subgroups, the basic one and the 
frailer one. 

We confine ourselves to analyze cancer 
incidence that is usually established in the 
Russian Federation when a patient is examined 
after applying for medical aid or, much less 
frequently, during screening activities. Medi-
cal reports primarily include cancer incidence 
as new cancer cases, which actually become 
completed for observation right away. A pa-
tient’s death is a competing process for such 
accounting. As a result, the analysis allows 
assuming that the following Markov’s com-
partment scheme is quite eligible (Figure 1). 

 
Figure 1. The compartment scheme for modeling 

cancer incidence intensity: 0 is the basic part of the 
cohort; 1 is the frailer part of the cohort; 2 is 

people who died due to other causes; 3 is people 
who dropped out of epidemiological observation 
due to an analyzed cancer;  t  is the competing 

intensity of mortality due to all other causes; 
   tt 10 ,   is intensity of incidence in the 

homogeneous subgroups 0 and 1 

In the scheme, there is a hidden (uncon-
trollable) transition between the cohort states 0 
and 1 by which some individuals can move 
from one conditionally homogeneous subgroup 
into another. Any person can likely die or fall 
sick with an analyzed cancer regardless of an 
initial state. According to the methodology de-
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scribed in [8], only the number of people in the 
compartment 3 (diseased) and the total number 
of lived person-years of observations are traced 
in a cohort or a population. Collected data are 
then used to estimate [8] dynamics of the de-
scriptive function h(t), which depends on an age 
t and is usually called an annual incidence risk 
rate. The risk is measured as an expected num-
ber of cases per a year of cohort observation for 
an allegedly homogeneous group made of 
100,000 people who have survived until the 
registration moment t.  

If the transition 0–1 occurs earlier and 
faster than the compartments 0 and 1 become 
empty, this process can typically manifest it-
self exactly as it has been shown in Table 1. 
Although available data are limited, a mathe-
matical model for dynamics in the compart-
ments 0 and 1 can be made quite complete in 
this case so that we could consider the initial 
share of population in the basic compartment 
0, that is, the parameter 0  ( 10 0   ) prac-
tically a constant provided that there are no 
external risk factors. Then, the dynamics of the 
registration process can be described with the 
following system of equations: 

                        

      

      

      .

;,

;,

10

11
1

00
0

tStStS

tStt
dt

dS

tStt
dt

dS









β

β





 

 
 
(1)

  
Let us write down the solution to it for the 

following initial conditions:   00 0 S , 
  01 10 S ,   002 S ,   003 S , neglecting 

the inertia of the transition 0–1. Here  tSi  is 
likelihood of filling the compartments;  tS  
is ‘apparent’ (descriptive) likelihood of condi-
tionally ‘healthy survival’ in the heterogene-
ous two-compartment cohort;    β,00 tt    

and    β,11 tt    are parameterized inci-
dence intensities in the homogeneous sub-
groups 0 and 1. It is essential to parameterize 
them in this case because none of the condi-
tional incidence rates have been measured and 
are known due to the subgroups 0 and 1 not 
being determined clearly. Nevertheless, the 
essence of their specific age dependence is 
quite clear; it is power-law, similar to Weibull 
approximation of intensity typical for analo-
gies with technical systems with a weak link2 
[9] or to a sequencing (or even branching) 
chain of transformable states [6]. Empirical 
facts of the type have already been known for 
more than 70 years [10]. They are usually as-
sociated with Armitage – Doll compartment 
model of carcinogenesis [11]. There is also 
direct evidence in the literature that ‘the law of 
4–7 degree’ is likely associated with the num-
ber of stages in tissue transformation of altered 
cells occurring at the spontaneous initiation 
stage [12]. This is typical for genesis of epithe-
lial tumors that account for approximately 
70 % in the total cancer mortality. We can take 

  210 70  t  and   231 70  t  with 
quite good accuracy, where new components 
of the parameter vector β  are also positive, for 
a wide range of attained ages (between 0 and 
~70 years). In contrast to incidence rates, the 
total mortality intensity  t  does not need 
similar parameterization. In case some specific 
events due to which a person drops out of ob-
servation, are relatively rare and have weak 
influence on mortality rates, data on the total 
mortality can be derived by analyzing demo-
graphic data in reports of the Federal Statistics 
Service3. In other words, the function  t  can 
be considered known or we can use its known 
approximations such as Gompertz or 
Gompertz – Makeham formulas [9]. The very 
system of equations (1) can be easily inte-
grated in quadratures, the numeric values of 

__________________________ 
 
2 Weibull W. A statistical distribution function of wide applicability. ASME J. Appl. Mech., 1951, vol. 18, no. 3, pp. 293–297. 
3 Tablitsa smertnosti naseleniya Rossii dlya kalendarnogo goda 2014 [The RF population mortality table in the calen-

dar year of 2014]. Demoskop Weekly. Available at: www.demoscope.ru/weekly/ssp/rus_lt.php?year=56 (December 29, 
2022) (in Russian). 



V.F. Obesnyuk  

Health Risk Analysis. 2023. no. 3 32 

which are directly calculated under the given 
set of parameters β  using such up-to-date 
mathematical software packages as MathCAD 
or Wolfram Mathematica. Moreover, since 

    tMtS exp~0  and     tMtS exp~1 , 

where    
t

dtM
0


 

obviously have the 

same proportionality, we should expect very 
weak physical dependence of the descriptive 
incidence rate  β,th  on the competing influ-
ence of mortality   : 
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This allows linking the scheme shown in 
Figure 1 to observations of specific annual 
cancer risk rates [8] by calculating their ex-
pected values in accordance with the definition 
of descriptive incidence intensity in the cohort 
and performing acceptable approximation by 
varying the vector β  components within the  
4-parameter model (formula 1). 

Results and discussion. Approximation 
results turn out to be quite consistent with ob-
servations [8] within a wide age range, ap-
proximately between 30 and 85+ years, for 
some cancer sites that occupy leading places in 
cancer incidence and mortality. Figure 2 shows 
the results of comparing population data pro-
vided by the P.A. Herzen’s Moscow Scientific 
Research Oncological Institute [8] and calcula-
tions as per the cohort formula (2) for thyroid 
cancer incidence among women; Figure 3, 
stomach cancer incidence among women. 

In the considered cases, we should not be 
skeptical about a slight difference in the mean-
ing of two concepts, cohort incidence intensity 
and population rate of annual incidence risk 
since both indicators are estimated in practice 
using the same techniques in case of observa-

tions [8] accomplished within short five-year 
strata4. Age strata in the population study [8] 
differ only per their belonging to different co-
horts due to different years of birth. 

 
Figure 2. Compared model (age-specific)  

and actual (2014) dynamics of thyroid cancer 
incidence rates among women in Russia  
(per 100,000 survived people per year) 

 
Figure 3. Compared model (age-specific) and 

actual (2014) dynamics of stomach cancer 
incidence rates among women in Russia (per 

100,000 survived people per year) 

An assumption that the initial share of the 
frailty subgroup 1 – 0 is practically constant 
in different calendar sub-cohorts of the Rus-
sian population seems rather fantastic. Despite 
that, approximations, which were similar as 
per quality of description, were obtained also 
for thyroid cancer and stomach cancer among 
men, prostate cancer (men), lung cancer (both 
men and women), and even for breast cancer 
(men and women). Moreover, as we can see 

__________________________ 
 
4 A Dictionary of Epidemiology, 4th ed. In: J.M. Last ed. Oxford University Press, 2001, 196 p. 
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from Table 2, the most plausible estimates of 
the model parameters are reproduced quite 
stably in all the described cases of successful 
approximation despite different cancer sites. 
They also allow evaluating the share of the 
frail people (1 – 0) and correctly recovering 
empirical risk rates (the annual risk rate, Nel-
son – Aalen cumulative hazard rate, radiation-
attributed decrease of survival (RADS) [13] 
and the actual observed lifetime risk). The 
most interesting thing is a possibility to assess 
ratios of flows of events measured in ‘per-
sons/year’ under transitions between the com-
partments 0–3 and 1–3. This value has turned 
out to be considerably lower than 1, even at its 
maximum, despite greater absolute and rela-
tive population in the compartment 0. This fact 
means that practically all diagnosed cases of a 
specific cancer are observed after people have 
moved into the compartment 1, that is, into the 
frailty subgroup even prior to cancer being di-
agnosed in them. The transition 0–3 is actually 
negligibly unlikely and this justifies the very 
concept of a ‘frailty group’. It is also worth 
noting that even if it was not so, than, due to 
the formula (2) being weighted average in its 
essence and together with the apparent first 
maximum h(t, ), an additional peak in the rate 
would exist in the age group 85+. Obviously, 

nothing alike has been registered empirically 
so far.  

 We should also note that conditional risk 
rates N-A and RADS, which are essentially de-
scriptive and based on integration of the annual 
descriptive rate h(t, ), give somewhat overes-
timated cumulative evaluations in comparison 
with the number of people in the frailty group if 
this comparison is made in identical units. At 
the same time, an actual observed descriptive 
cumulative cancer risk turns out to be half the 
share of the frailty group since not every poten-
tially frail person in it survives until a cancer is 
diagnosed due to competition by mortality 
caused by all other reasons.  

Another important point is that an attempt 
to use the concept of the fixed number of peo-
ple in the ‘frailty group’ for providing simple 
explanation of dynamics of age dependence 
with respect to incidence rates of some other 
spontaneous cancer has been unsuccessful. 
This primarily concerns malignant neoplasms 
of lymphoid, hematopoietic and related tissue 
(С81–С96) that have apparent bimodal or even 
trimodal dependence between incidence rates 
and age, especially the ‘youth component’.  
Incidence rates had similar multi-modal behav-
ior in case of malignant neoplasms of lip, oral 
cavity and pharynx and malignant neoplasms

T a b l e  2  
Estimated cancer incidence rates in Russia in 2014  

Cancer site ICD-10 The share of 
‘frailty’ (%) 

Estimation of 
2 degree 

Standardized 
annual rate N-A RADS LR Flow ratio 

(0–3 to 1–3)
Stomach (men) С16 4.4 6.5 25.2 5650 5494 2063 ~ 0.14 
Stomach (women) С16 2.9 6.2 11.4 2514 2482 1493 ~ 10–5 
Trachea, bronchi, and 
lungs (men) С33,34 8.3 6.6 53.4 10,931 10,354 4505 ~ 0.11 

Trachea, bronchi, and 
lungs (women) С33,34 2.2 4.8 8.1 1718 1703 1070 ~ 10–5 

Breast (men) С50 0.45 4.3 0.69 163 163 56 ~ 3105   
Breast (women) С50 7.3 4.1 52.9 8049 7734 5878 ~ 0.11 
Prostate (men) С61 8.5 9.4 47.1 11,758 11,093 3937 ~ 0.13 
Thyroid (men) С73 0.27 3.3 2.03 253 253 140 ~ 10–15 
Thyroid (women) С73 0.94 3.0 8.3 919 915 752 ~ 10–6 

Note: all cumulative rates (N-A, RADS and LR) are given per 100,000 people a year for the age ranges up to 
90 years; direct standardization is performed as per the world standard population [14]; Nelson – Aalen rate (the 
area under the hazard curve) is given as N-A; radiation-attributed decrease in survival is given as RADS; actual 
conditional lifetime risk rate is given as LR. 
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of digestive organs (С00–С15; С17–С21), ma-
lignant neoplasms of bone and articular carti-
lage (С40, 41), malignant neoplasms of eye, 
brain and other parts of central nervous system 
(С69–С72). However, it is hardly possible to 
deny the very fact that frailty subgroups are 
likely to exist in these cases as well. Obvi-
ously, dynamic changes in the share of frail 
people in a population or a cohort are typical 
for the aforementioned wide range of cancer 
sites together with a shorter hidden period of 
cancer development both under endogenous 
spontaneous reasons and due to exposure to 
external carcinogenic factors. 

Finally, let us mention an important indi-
rect sign. The objective existence of an inter-
nal frailty compartment in a cohort or a popu-
lation inevitably causes observable peculiar 
modifications of age-specific dynamics of 
cancer incidence under exposure to external 
carcinogenic risk factors. The process can be 
registered by using statistical-epidemiological 
methods. Among the most well-known fac-
tors, special attention should be paid to ef-
fects produced by ionizing radiation on body 
cells and tissues. Almost a century has passed 
since German Mueller published his findings 
(1927) that evidenced genetic effects of radia-
tion exposure. In 1928, the International  
X-ray and Radium Protection Committee was 
founded as a prototype of the existing perma-
nent International Commission on Radiologi-
cal Protection (ICRP). It coordinates radiation 
epidemiology and radiobiology research on 
the international level. Huge amounts of sta-
tistical data have been accumulated over 
years. In particular, there is the commonly 
accepted and known concept that a cumula-
tive dose of any absorbed ionizing radiation 
can directly result in descriptive annual inten-
sity of cancer incidence and an individual 
lifetime cancer risk growing approximately as 
per the linear law [15, 16]. This is the so 
called linear no-threshold (LNT) model or the 
proportionate risk concept. All international 
radiation safety standards are LNT-based; but 
at the same time the documents [15, 16] and 
several other publications do not always pro-
vide officially recognized mentions of 

slightly different dose trends, identified, at 
least, for some cancer sites. 

The ‘frailty group’ concept turns out to be 
able to explain the existing differences be-
tween commonly recognized concepts and ob-
servable facts. To do that, we should pay atten-
tion to the fact that the transition between the 
compartments 0 and 1 in the scheme shown in 
Figure 1 corresponds to the induction of ma-
lignant neoplasms and the transition 1–3 corre-
sponds to their promotion under exposure to 
ionizing radiation. That is, we should distin-
guish between at least two biologically differ-
ent radiation-oncological effects in case we 
neglect the existence of the third, though 
weaker, dose-related dependence of mortality 
intensity due to all the other causes  Dt . 

Let us show what consequences can be 
expected within this assumption. We can iden-
tify them by performing numeric modeling, for 
example, for thyroid cancer, spontaneous inci-
dence rates of which have already been studied 
in dynamics in this work (Figure 2). Still, ac-
cording to the recommendations provided in 
[15, 16], we are not going to step over the 
LNT model boundaries spreading them onto 
each of the transitions 0–1 and 1–3. In this 
case, to consider dose dependence in the ana-
lyzed models, we should only formally replace 
the share of frail people  01   with 
   Dk10 11   , and the 3  multiplier in the 
intensity 1  with  Dk23 1 , where 21, kk  
are coefficients that describe radio-sensitivity. 
Age-specific dependence of potentially ob-
servable cohort annual incidence rate has been 
evaluated under different levels of radiation 
exposure (the background level and exposure 
to 1 Sv). The results are shown in Figure 4 for 
a subgroup of women who had their thyroid 
exposed to radiation at the age of 0–9 years 
and the exposure was single and acute. 

Obviously, the ratio between descriptive 
risk rates in two dose groups changes substan-
tially due to the existing subgroup of frail peo-
ple. It can be both higher than one (up to 50 
years of age) and lower than one (for elderly 
women). Therefore, if the LNT model is ap-
plied correctly, the proportionate risk concept 
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is violated together with the descriptive LNT 
model itself. Lifetime risk can have a signifi-
cantly weaker dose trend in comparison with 
that of the annual risk rate; we cannot consider 
the annual risk rate trend a linear one either 
(Figure 5). The graph makes it quite easy to 
conclude that the calculated-nominal value of 
excess relative risk on a unit dose of 1 Sievert 
(ERR/Sv) can vary between 8.8 Sv‒1 in 
younger age groups (without considering the 
reducing DDREF = 2 [15]) and negative val-
ues in older ones (older than 55 years) if the 
calculations are based on analysis of annual  

 
Figure 4. Age-specific dependence between thyroid 

cancer incidence (per 100,000 a year) among 
unexposed women and women who were exposed 
to radiation at the age of  0–9 years, a dose of 1 Sv 
(calculations rely on the following coefficients of 

radio-sensitivity: 1
1 0.5 Sk v  and 

 1
2 5.0 Sk v ) 

 
Figure 5. Apparent non-linearity of dependence 
between annual hazard ratio and a dose, which 
give evidence of the proportionate risk concept 
being ineligible for describing radiation effects  

risk rates. But if we analyze excess dose de-
pendence of the standardized incidence ratios 
(SIR), then the evaluation goes down to ap-
proximately 2.3 Sv‒1 due to age-specific aver-
aging. However, it does not correspond to the 
true value of 5.0 Sv‒1 predetermined within the 
modeling process in either case. Even a lower 
descriptive coefficient of radio-sensitivity, ap-
proximately 0.87 Sv‒1, can be derived from 
our preset model, if the evaluation is based on 
a dose trend identified for the actual lifetime 
risk of thyroid cancer among women who un-
derwent acute radiation exposure when they 
were younger than 15 years. The last evalua-
tion is astonishingly consistent with the opin-
ions of the ICRP experts [17]. 

Meanwhile, the proportionate risk concept 
is a quite stable mental construction with some 
other concepts being based on it, such as the 
concept of nominal risk coefficient [15] and 
even the conventional concept of the effective 
doze of ionizing radiation [18]. Moreover, use 
of excess relative risk per dose unit (ERR/Sv) 
as the basic characteristic of a dose trend in 
radiation harm nowadays has become the con-
ventional ‘golden standard’ of the UNSCEAR 
and IAEA [16, 19] as well as of many studies 
on radiation epidemiology. This concept has 
become so prevailing that the document [16] 
incorrectly mentions the radio-sensitivity value 
ERR/Sv in most cases as excess relative risk 
itself. Therefore, it would be useful to have 
some actual data confirming existing hetero-
geneities in analyzed cohorts since it would 
disprove the proportionate risk concept. The 
most interesting thing is that such data have 
long been available in studies, especially as 
regards thyroid cancer [20–22]. In particular, 
the study [20] involved examining a substan-
tially big sample made of children who had 
their thyroid gland exposed to gamma radia-
tion due to various reasons at the age younger 
than 15 years. As a result, long-term observa-
tions established that the linear ‘dose – effect’ 
model worked effectively only until a dose 
was lower than 0.1 Gy. Moreover, either the 
proportionate risk model or additive risk 
model was not effective within a wider dose 
range; the ERR/Gy value was 7.7 Gy‒1 (95 % 
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CI: 2.1‒28.7) for younger age groups; radio-
sensitivity did not keep its value within wide 
observation ranges as it declined with age and 
a growing dose down to zero under10 Gy. In 
their turn, the authors of the study [21] exam-
ined cancer incidence in the cohort made of 
atomic bomb survivors in Hiroshima and Na-
gasaki and concluded that a risk of thyroid 
cancer due to radiation exposure was negligi-
ble, if even existing, 20 years after the bomb-
ing. In particular, they pointed out that the 
ERR/Sv value went down with attained age 
from 9.47 Sv‒1 for the age group of 0‒9 years 
down to negative 0.23 Sv‒1 for the age group 
of 40+ years (at the moment of radiation expo-
sure). That is, this excess relative risk could 
change its sign in the same way as it has been 
shown in Figures 4 and 5. The radio-sensitivity 
rate ERR/Sv turned out to behave in a similar 
way in the cohort made of people living in the 
Bryansk, Kaluga, Orel, and Tula oblasts in 
1981–2008 who were exposed to radionuclides 
fall caused by the Chernobyl disaster. Still, 
negative radio-sensitivity to thyroid cancer to-
gether with elevated standardized (cumulative 
for the analyzed population) annual ratios 
could be simultaneously and, apparently, con-
troversially observed in the age group of peo-
ple older than 18 years [22]. Despite available 
evidences, even those provided in the docu-
ment [16], the very fact that a nonmonotonic 
dose- and age-specific trend of the descriptive 
hazard ratio exists has been stimulating heated 
discussions in the expert society over the pe-
riod between 2017 and 2021. Their ultimate 
result was that ICRP Publication 147 [17] was 
issued in a substantially cut version (13 pages) 
as opposed to its initial draft one (69 pages).  
A decision was made not to mention any pecu-
liarities as regards how the hazard ratio be-
haved itself depending on an attained age of 
exposed groups. The document contained only 
the description of ERR/Sv radio-sensitivity 
depending on an age when radiation exposure 
started; its value was based on a cumulative 

lifetime risk. Undoubtedly, this political deci-
sion was made to preserve the effective dose 
concept that directly relied on the linear no-
threshold model and the ‘dose – effect’ princi-
ple of analysis that were now applicable only 
to a lifetime risk rate or any other cumulative 
analogue. In contrast to it, the ‘frailty group’ 
concept corresponds to another principle, 
namely, ‘dose – time – effect’, even if its form 
is a bit curtailed and not able to disclose the 
biological mechanism of carcinogenesis. Nev-
ertheless, the document [17] still fixed the fact 
that the descriptive radio-sensitivity ratio 
ERR/Sv dropped manifold with an age when 
radiation exposure started and not only for thy-
roid cancer but also stomach cancer, rectum 
cancer, bone marrow cancer, urinary bladder 
cancer, liver cancer, and some other cancer 
sites. The described character of influence ex-
erted by external ionizing radiation on cancer 
incidence by no means can be explained by the 
existing concepts of prevailing effects pro-
duced on induction of malignant neoplasms by 
external radiation exposure. However, it does 
not contradict some concepts that imply exis-
tence of a relatively rapidly reducing frailty 
group among members of a cohort who are of 
the same age; intensity of reduction in this 
group can depend on a xenobiotic dose.  

To conclude our discussion, we would 
like to give a reference to a study that has not 
been reviewed so far5. It reports a mutual in-
tersection between curves of age-dependent 
annual risk rates for different dose groups 
(similar to Figure 4). This mutual intersection 
appeared in studies of lung cancer mortality 
among personnel employed at a facility with 
radiation hazards and this definitely indicates 
more rapid reduction in a cancer-frail group 
due to more deaths. In addition to that, the au-
thors of this report published the results of a 
study with its focus on prostate cancer inci-
dence [23] where they stated directly that 
“…radiation-induced risk of the disease 
[ERR/Gy] … equaled 5.24 … per 1 Gy in the 

__________________________ 
 
5 Vliyanie uslovii truda na sostoyanie zdorov'ya personala v proizvodstve po utilizatsii vooruzhenii i voennoi tekhniki: 

Otchet o NIR po kontraktu № 11.312.09.1 (shifr «Personal-1») [Effects produced by working conditions on personnel em-
ployed at a weaponry and military equipment utilization facility: Reports on R&D work under the contract no. 11.312.09.1 
(‘Personnel-1’ code)], State Registration Number 01200952999. Ozersk, SUIBPh, 2009, 166 p. (in Russian). 
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Mayak PA personnel cohort aged 50 years and 
then declined drastically as this age was at-
tained …”, notably, almost down to zero al-
ready at the age of 60 years. Negative values 
were likely to be achieved for the age groups 
70+ but the authors humbly neglected them. 
That is, age-specific distribution of the annual 
risk rate had a bias towards early ages together 
with the graph being stretched vertically when 
a gamma radiation dose grew. We cannot ex-
plain why the risk rate behaves in this way if 
we use the traditional LNT model but we can 
easily do it using the ‘frailty group’ concept. 

Conclusion. Therefore, relying on com-
parison of the results obtained by numeric 
modeling of cancer incidence in dynamics and 
analysis of statistical epidemiological data, we 
can almost surely ascertain that dynamics of 
risk rates is determined for many cancer sites 
by cancer-frail groups existing in a population. 
These groups are formed predominantly dur-
ing a period when a body grows intensively, 
up to the age of 15–20 years. Cancer is diag-
nosed in a considerable part of this group (ap-
proximately a half of it) when a patient is 
alive. External exposures to xenobiotics and 

carcinogens can accelerate the transition from 
the ‘frailty’ compartment to the ‘disease’ com-
partment and this should be taken into account 
when developing occupational safety stan-
dards. 

The established fact highlights relevance 
of studies aimed at early preventive establish-
ment of reliable specific biomarkers eligible 
for determining whether a specific person be-
longs to an objectively existing cancer-frail 
group. Still, not every tissue hyperplasia or 
hypertrophy can be considered an actual tran-
sition into a cancer-frail group. We can make 
such judgments if we compare, for example, 
prevalence of frailty-states with respect to 
prostate cancer (see Table 2) and prevalence of 
benign prostate hyperplasia among men, which 
can reach 80 % in older age groups. Moreover, 
a correct prediction requires markers that de-
scribe both early and late stages of an individ-
ual pre-cancer state in a frail group. 
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Morbidity and mortality caused by malignant neoplasms (MNs) is a priority challenge for health care. 
We analyzed some rough and standardized levels (oncological morbidity and mortality) over 2009–2018 based on offi-

cial statistics. We ranked the RF regions as per the standardized morbidity level and established that the Irkutsk region took 
the 1st rank place among 85 RF regions as per it; it took the 16th rank place as per the ‘rough’ level. Morbidity and mortality 
levels that were higher in the Irkutsk region than the national average were established for such localizations as trachea, 
bronchi and lung cancer; prostate cancer; cervical cancer. The mortality to morbidity ratios were on average equal to 0.45 
in the Irkutsk region and 0.49 in the RF as a whole; we identified a certain decrease in them, by 19.3 % and 20.0 % accord-
ingly. We provided evidence of unacceptable individual carcinogenic chemical risk for people in cities with developed 
chemical industry and non-ferrous metallurgy. High carcinogenic radiation risks were caused by natural radon levels in 
soils. We calculated some prognostic morbidity and mortality levels: in 2021, the standardized morbidity level would be 
between 270.9 and 329.8 cases per 100 thousand people; the ‘rough’ level, between 372.7 and 532.4. The ‘rough’ mortality 
level would be between 220 and 230 cases per 100 thousand people. 

We determined some priority tasks for future research aimed at identifying adverse effects produced by environmental 
factors and lifestyle-related factors as well as some tasks related to developing relevant targeted activities aimed at eliminat-
ing and mitigating cancer-inducing exposures. 

Keywords: carcinogenic risk, morbidity, mortality, malignant neoplasms, population, chemical factor, radiation fac-
tor, prognosis. 
 

 
Cancer morbidity and mortality are grow-

ing in many regions of the world and this fact 
highlights medical and social significance of 
the issue [1–3]. A trend of growing prevalence 

of chronic non-communicable diseases, cancer 
included, is associated with various factors 
such as changes in the age structure of popula-
tion that involve longer life expectancy and 
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ageing, chemical and physical contamination 
of the environment, and behavioral risk factors 
[4]. Among basic causes of malignant neo-
plasms (MNs), we should mention not only 
genetic factors, exposure to chemical carcino-
gens in ambient air or food but also working 
conditions [5–9]. The National Goals of the 
RF development1 and targets stipulated by the 
Cancer Control Federal Project include grow-
ing life expectancy at birth of the RF popula-
tion up to 78 years (by 2030), a decrease in 
mortality among working age population, a 
decrease in mortality caused by neoplasms, 
malignant ones included (down to 185.0 cases 
per 100,000 people by 2024). To achieve 
them, it is necessary to know how population 
levels as regards MNs are formed in different 
regions in the country, the Irkutsk oblast in-
cluded. MNs morbidity is known to be mostly 
concentrated and growing among people of 
older ages (the highest share of cancer inci-
dence is identified in the age group of 65–69 
years) [10]. Therefore, considering the ongo-
ing population ageing in Russia, we can as-
sume a further growth in the number of MNs 
cases as well as their greater significance as a 
major reason for disability among the RF 
population [11]. 

Several studies have been accomplished 
with their focus on epidemiological aspects of 
oncological pathology in Siberian regions 
where morbidity has been established to grow; 
this growth was more apparent among urban 
population [12–14]. MNs morbidity among 
population in the Irkutsk oblast is one of the 
highest in the Siberian Federal District [15]. 
According to statistics, malignant neoplasms 
occupy the first rank place among reasons for 

disability in adult population of the Irkutsk 
oblast; the 2nd rank place, in the total mortality; 
4th rank place, in the mortality of working age 
population2. All this highlights specific rele-
vance of the issue for the region. Therefore, it is 
necessary to prevent and reduce incidence of 
malignant neoplasms in the Irkutsk oblast and 
provide scientific substantiation for develop-
ment of the most effective preventive activities. 

The aim of this study was to evaluate 
carcinogenic risk levels and accomplish pro-
found analysis and prediction of morbidity and 
mortality caused by malignant neoplasms 
among the Irkutsk oblast population. 

Materials and methods. Individual and 
population carcinogenic risks associated with 
chemical pollution in ambient air were calcu-
lated according to the methods stipulated in the 
Guide Human Health Risk Assessment from 
Environmental Chemicals (R 2.1.10.1920-04)3; 
when calculating risk levels, we relied on aver-
age annual data of social and hygienic monitor-
ing (SHM) over 2000–2018. MNs morbidity 
and mortality among the Irkutsk oblast popula-
tion was analyzed in 2009–2018 by using offi-
cial statistical reports (From no. 7 Data on Inci-
dence of Malignant Neoplasms), materials from 
the annual data collections Malignant Neo-
plasms in Russia and Socially Significant Dis-
eases among the RF Population, and official 
data provided in the UIISS (Unified Interde-
partmental Information Statistic System)4. 

We analyzed morbidity and mortality in 
the Irkutsk oblast in comparison with their na-
tional rates in the Russian Federation. The 
analysis covered ‘rough’ and standardized mor-
bidity rates, including men and women sepa-
rately, in 10-year dynamics; structure of the 

__________________________ 
 
1 O natsional'nykh tselyakh i strategicheskikh zadachakh razvitiya Rossiiskoi Federatsii na period do 2024 goda: Ukaz 

Prezidenta RF ot 07.05.2018 № 204 [On national goals and strategic tasks of the Russian Federation development for the period 
up to 2024: the RF President Order dated May 07, 2018 no. 204]. Prezident Rossii: the official web-site of the RF President. 
Available at: http://www.kremlin.ru/acts/bank/43027 (April 12, 2023) (in Russian); O natsional'nykh tselyakh razvitiya Ros-
siiskoi Federatsii na period do 2030 goda: Ukaz Prezidenta RF ot 21.07.2020 № 474 [On national goals and strategic tasks of 
the Russian Federation development for the period up to 2030: the RF President Order dated July 21, 2020 no. 474]. GARANT: 
information and legal support. Available at: https://base.garant.ru/74404210/ (April 12, 2023) (in Russian). 

2 Forma S51 [Statistical Report Form C51]. Irkutskstat. Available at: https://irkutskstat.gks.ru/storage/mediabank/
death_rate2019.html (January 18, 2021) (in Russian). 

3 Guide R 2.1.10.1920-04. Human Health Risk Assessment from Environmental Chemicals. Moscow, The Federal Center 
for State Sanitary and Epidemiologic Surveillance of the RF Ministry of Health, 2004, 143 p. (in Russian). 

4 Ofitsial'nye statisticheskie pokazateli [Official statistical indicators]. EMISS: state statistics. Available at: 
https://www.fedstat.ru (May 04, 2023) (in Russian). 
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MNs morbidity; ‘rough’ and standardized (the 
world standards, WHO, 2001) mortality rates. 
We identified a rank place that belonged to the 
Irkutsk oblast among 85 RF regions as per its 
‘rough’ and standardized MNs morbidity rates. 
The rates were analyzed in dynamics and corre-
lations between morbidity and mortality as well 
as their correlations with the age structure of 
the population were evaluated in the Statistica 
6.0 software package (Pearson’s correlation and 
regression analysis (r)). Statistical significance 
was taken at р < 0.05.  

Specific territories in the Irkutsk oblast 
were combined into several clusters by k-mean 
clustering considering average long-term mor-
bidity as per priority cancer sites. We calcu-
lated and compared potential carcinogenic risk 
rates caused by chemical and radiation expo-
sure on territories with the highest morbidity 
rates (Cluster 1).  

Predictive estimates of morbidity and 
mortality rates are based on statistical models 
that cover data collected over a 10-year period 
and this allows considering the latest trends. 
2021 indicators were calculated relying on es-
timated population number in 2021 so that we 
could derive a calculated number of new MNs 
cases and deaths caused by them.  

We calculated ratios between standard-
ized morbidity and mortality rates to assess 
effectiveness of healthcare provided for MNs 
patients. This allows removing influence of 
differences in age and sex structure of the 
population living on the analyzed territories. 
Moreover, this ratio is considered an index 
that describes validity of registration: when it 
is qualitative, the number of deceased, even 
for cancer sites with high fatality rates, 
should not be higher than the number of dis-
eased [16]. These ratios were compared by 
using a share of ratio differences (RDS), 
which determines a difference between two 
ratios in percent. It was calculated as per the 
following formula:  

RDS = (R1 – R2 / R1) · 100, 

where R1, R2 are compared ratios. In most 
cases, R1 should represent a higher ratio; how-
ever, R1 represented national RF ratios in this 

study and they were higher than R identified 
for the Irkutsk oblast in most cases.   

Results and discussion. More than 
10,000 MNs cases are registered annually in 
the Irkutsk oblast. In 2018, 11,999 MNs cases 
were registered in the Irkutsk oblast for the 
first time (including 5559 among men and 
6440 among women) (Table 1). 

Obviously, average long-term morbidity 
rate (ALM) equals 432.44 among the Irkutsk 
oblast population over 2009–2018 and this was 
11.7 % higher than the national average 
(387.12 in the RF). If taken in dynamics, the 
morbidity rate has an apparent ascending 
trend. It grew by 68.7 % in the Irkutsk region 
between 2003 and 2018 (the national average 
rate grew slower and increased only by 
19.6 %).  Over the last decade, the growth has 
been 33.9 % (it is 19.6 % in the RF). By the 
end of 2018, 60,052 patients with cancer were 
registered in the region (the ‘rough’ morbidity 
rate was 499.1 in the Irkutsk oblast, which was 
17.3 % higher than the national average 
(425.46). MNs prevalence equaled 2497.8 per 
100,000 people in the Irkutsk oblast (2562.3 in 
the RF).  

Standardized ALM was 292.36 in the 
Irkutsk region over 2009–2018 and this was 
24.1 % higher than the national average 
(235.58 in the RF). The standardized morbid-
ity rate has an apparent ascending trend in the 
analyzed period. Over the last decade, this rate 
has grown by 18.2 % in the Irkutsk oblast (the 
national average rate grew slower and in-
creased by 8.5 %). In 2018, the standardized 
MNs morbidity rate was 320.2 ± 3.07 in the 
Irkutsk oblast and was 29.8 % higher than the 
national average (246.77 ± 0.33). 

We ranked 85 RF regions as per the stan-
dardized morbidity rate and established that 
the Irkutsk oblast was among the top five re-
gions with the highest cancer morbidity for 
many years. In 2018, the Irkutsk oblast took 
the 1st rank place among 85 RF regions (the 1st 
rank place for men and 2nd rank place for 
women) and the 16th rank place as per the 
‘rough’ morbidity rate.  

Cluster analysis results indicate that the 
highest primary MNs morbidity as per the
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T a b l e  1  
MNs morbidity rates in dynamics identified among the Irkutsk oblast population and in the RF 

over 2009–2018  
Primary morbidity (actual incidence) (per 100,000) Absolute number ‘Rough’ Standardized Year Registered 

MN patients  
First diag-

nosed cases Irkutsk oblast RF Rank place* Irkutsk oblast RF 
Rank 

place * 

2009 41,396 9332 372.7 355.8 34 270.9 227.4 3 
2010 43,438 9595 383.4 364.2 33 275.5 231.1 6 
2011 44,874 9955 410.0 365.4 23 286.7 228.1 4 
2012 46,280 10,021 413.3 367.3 23 283.2 227.6 5 
2013 48,020 10,275 424.2 373.4 25 288.0 229.2 3 
2014 50,174 10,389 430.2 388.0 31 287.9 235.2 3 
2015 52,148 10,804 447.4 402.6 28 296.4 241.4 3 
2016 54,635 11,122 461.0 408.6 26 302.9 242.6 3 
2017 57,536 11,626 483.1 420.3 19 311.9 246.6 2 
2018 60,052 11,999 499.1 425.5 16 320.2 246.8 1 

ALM** 49,855 10,512 432.4 387.1  292.4 235.6  

Note: * means the rank place of the morbidity rate in Irkutsk oblast among all RF regions (ranking is per-
formed as per descending in the rate), **ALM is average long-term morbidity.  

 
leading cancer sites is identified in Cluster 1 
that includes Irkutsk, Bratsk, Sayansk, Usolie-
Sibirskoe, Ust-Ilimsk, Cheremkhovskoe mu-
nicipal settlement, Svirskoe municipal settle-
ment, Angarskoe municipal settlement as well 
as Slyudyanskii and Shelekhovksii districts 
(1.4 million people overall). In addition to that, 
high primary morbidity rates are established 
on territories included in Clusters 2 and 3. 
Cluster 2 (482 thousand people) includes 
seven administrative districts. Cluster 3 (165 
thousand people) includes nine administrative 
districts. The lowest primary morbidity rates 
as per the leading cancer sites are identified in 
10 administrative districts included in Cluster 
4 (162 thousand people overall): Balaganskii, 
Zhigalovskii, Olkhonskii, Ust-Udinskii, Alar-
skii, Bayandaevskii, Bokhanskii, Nukutskii, 
Osinskii, and Ekhirit-Bulagatskii districts. 

High cancer incidence rates can be ex-
plained not only by qualitative diagnostics and 
treatment but also effects produced by tech-
nogenic factors. In this study, we considered 
some environmental factors that could have 
certain significance for occurrence and pro-
gression of blastoma-causing processes includ-
ing adverse chemical exposures as well as ra-
diation exposure such as radon occurrence in 
housing and public buildings. Natural ionizing 

radiation sources are the leading factor causing 
radiation exposure of the Irkutsk oblast popu-
lation. According to data derived by long-term 
observation (over 2001–2017), the Irkutsk 
oblast population tend to be exposed to ele-
vated (more than 5.0 mSv/year) doses created by 
natural ionizing radiation sources (5.1 mSv/year). 
Several zones with elevated radon emissions 
are registered in the Irkutsk oblast including 
those located in towns included in Cluster 1: 
Ust-Ilimsk (the average dose is 7.34, the criti-
cal one is 17.32 mSv/year) and Irkutsk (the 
average dose is 2,93, the critical one reaches 
18,61 mSv/year). Elevated radon levels, in-
cluding those identified in housing and public 
buildings as well as water supply sources, are 
caused by geological peculiarities of the earth 
crust in the Irkutsk oblast. We have not estab-
lished any critical zones in other towns and 
settlements in Cluster 1. Table 2 provides data 
on average annual individual and population 
carcinogenic risk rates caused by chemical and 
radiation exposure identified on the most risky 
territories. 

Levels of ambient air pollution tend to be 
very high in the Irkutsk oblast due to emis-
sions from industrial enterprises and motor 
transport. This includes pollution with car-
cinogenic chemicals. Along with thermal
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T a b l e  2  

Individual and population carcinogenic risks caused by chemical and radiation exposure 

Individual risk Population carcinogenic risk 
 (the number of additional MNs cases) Territories 

 in Cluster 1 chemical 
(ICR) 

average annual radon 
levels, mSv/year chemical radiation 

Angarsk 6.50E-04 1.72 154.9 22.5 
Shelekhovkii district 1.00E-03 2.13 64.9 7.6 
Irkutsk 7.31E-04 2.93 449.8 99.2 
Bratsk 1.06E-03 2.56 249.6 33.1 
Sayansk 8.01E-05 1.93 3.1 4.1 
Usolie-Sibirskoe 1.25E-04 2.29 9.9 9.9 
Ust-Ilimsk 1.03E-06 7.34 0.1 33.5 
Cheremkhovo 2.50E-05 2.15 1.3 6.1 

T a b l e  3  

‘Rough’ and standardized mortality rates due to MNs among the Irkutsk oblast population  
and in the RF  in 2009–2018  

Mortality rate per 100,000 people 
‘Rough’ Standardized Years Absolute  

number Irkutsk oblast RF Rank place* Irkutsk oblast RF Rank place* 

2009 4751 194.4 204.9 43 135.4 125.2 17 
2010 4682 185.3 204.4 55 131.7 124.0 25 
2011 4759 194.9 202.5 49 133.5 120.2 16 
2012 4604 190.0 201.0 54 126.1 117.7 31 
2013 4916 203.1 201.1 43 134.0 116.8 11 
2014 4885 201.8 199.5 44 130.3 114.6 13 
2015 4953 205.2 202.5 42 131.4 114.8 16 
2016 5015 208.0 201.6 37 131.9 112.8 9 
2017 5166 214.7 197.0 32 132.9 109.0 5 
2018 5080 211.6 200.0 39 129.0 108.6 11 
AMR 4881 200.9 201.5  131.6 116.3  

Note: * means the rank place of the mortality rate in Irkutsk oblast among all RF regions (ranking is per-
formed as per descending in the rate).  

 
power stations, various industrial enterprises 
emit carcinogenic chemicals in ambient air such 
as aluminum production in Bratsk and Shelek-
hov, petrochemical and electrolysis-chemical 
plants in Angarsk, and vinyl chloride produc-
tion in Sayansk. Productions with carcinogenic 
hazards have long been functioning on territo-
ries where health risks were accumulated due to 
previous economic activities (including Svirsk, 
Usolie-Sibirskoe, and Baikalsk). 

Obviously, the highest individual carcino-
genic risks under potential chemical exposure 
are established for people living in large indus-
trial centers such as Bratsk (1.06E-03) and 
Shelekhovskii district (1.00E-03); these risk 
rates are considered unacceptable. They are fol-

lowed by Irkutsk (7.31E-04), Angarsk (6.50E-04), 
and Usolie-Sibirskoe (1.25E-04). The risk is 
considered acceptable in Sayansk (8.01E-05), 
Cheremkhovo (2.50E-05), and Ust-Ilimsk 
(1.03E-06). The highest average annual radon 
level (7.34 mSv/year) was identified in Ust-
Ilimsk; these levels did not exceed 2.93 
mSv/year on all the other territories in Cluster 
1. Population risk rates are associated not only 
with ambient air being polluted with carcino-
gens but also with the number of exposed popu-
lation; therefore, the most risky territories pri-
marily include cities with population higher 
than 200 thousand people (Angarsk and Bratsk) 
as well as the oblast center Irkutsk (more than 
600,000 people). 
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Average annual mortality rate equaled 
200.9 in the Irkutsk region over 2009–2018 
(201.5 in the RF) (Table 3).  

In 2018, the ‘rough’ mortality rate equaled 
211.6 in the Irkutsk oblast, which was 5.8 % 
higher than the national average (200.03). 

The mortality rate tended to grow over the 
analyzed period. It grew by 8.8 % in the Irkutsk 
oblast between 2009 and 2018 (the growth was 
negative in the country as the national average 
mortality rate dropped by 2.4 %). 

In 2018, the standardized mortality rate 
equaled 129.0 ± 1.89 and was 18.8 % higher 
than the national average (108.56 ± 0.21). 
Over 2009–2018, the long-term average stan-
dardized mortality rate equaled 131.6 in the 
Irkutsk oblast, which was 13.1 % higher than 
the national average (116.3). Over 2009–2018, 
a descending trend occurred in the standard-
ized mortality rate as it went down by 4.7 % in 
the Irkutsk oblast (the national average de-
clined faster and went down by 13.3 %). 

 We ranked RF regions as per the stan-
dardized mortality rate due to MNs and estab-
lished that the Irkutsk oblast was among those 
with the highest standardized MNs mortality 
rate in 2018 as it held the 11th rank place out of 
85 regions (13th rank place for men and 15th 
rank place for women) and the 39th rank place 
as per the rough mortality rate (39th rank place 
for men and 31st rank place for women). 

Next, we calculated mortality / morbidity 
ratios as per their standardized rates; this made 
it possible to assess healthcare quality in the 
Irkutsk oblast and the RF in general by elimi-
nating influence of different age structure. On 
average, the ratio was 0.45 in the Irkutsk 
oblast and 0.49 in the RF over 2009–2018; we 
also established a decline in the ratios, by 
19.3 % and 20.0 % accordingly. This dynam-
ics is easily described by linear regression 
equations: R (Mr/Mb) = -0.0085x + 0.4983  
(R² = 0.880) for the Irkutsk oblast; R (Mr/Mb) = 
-0.0128x + 0.5655 (R² = 0.987) for the RF. 
Therefore, we assume that a growth in the 
morbidity rate with a simultaneous decline in 
the mortality rate indicates that cancer is iden-
tified more effectively and more qualitative 
healthcare is provided for cancer patients. 

Predicted MNs morbidity and mortality 
rates in the Irkutsk oblast were calculated by 
using the following equations that reflect the 
identified trends: the standardized rate y = 
4.964x + 265.06 (R² = 0.931) and the ‘rough’ 
rate y = 13.326x + 359.15 (R² = 0.979). The 
prediction periods were substantiated consid-
ering the following: polynomial trends had 
somewhat better approximation properties 
than linear equations; for the standardized 
rate, y = 0.114x3 – 1.540x2 + 9.901x + 262.7 
(R² = 0.977); for the ‘rough’ rate, y = 0.194x3 – 
2.849x2 + 24.213x + 350.3 (R² = 0.991). Since 
the ‘rough’ rate describes an actual situation 
considering age- and sex-related characteris-
tics of a population, it is advisable to make 
predictions relying on it. In addition, analysis 
of polynomial dynamics allows identifying a 
correct prediction ‘range’. Basing on our 
analysis of a 16-year trend, we established 
that a ‘step’ of change equaled 7 years. Con-
sequently, we can make 7-year predictions 
taking a time moment when a rise in a rate 
begins as our starting point. In our case, this 
is a medium-term prediction for the period up 
to 2021 (3 years). 

Given all the aforementioned, we estab-
lished that in 2021 the predicted standardized 
morbidity rate would be within 270.9–329.8 
cases per 100,000 people with 95 % certainty; 
the ‘rough’ morbidity rate would very within 
372.7–532.4 cases. We applied the following 
equations to predict dynamics of MN mortality 
in the Irkutsk region: y = 133.12 – 0.273х  
(R² = 0.095), which described a trend in the 
standardized mortality rate; and  y = 185.22 + 
2.851x (R² = 0.904), which described a trend in 
the ‘rough’ mortality rate. According to pre-
diction calculations, in 2021 the standardized 
mortality rate would equal 127.1–132.2 cases 
per 100,000 people; the ‘rough’ mortality rate, 
220.0–230.0 cases per 100,000 people. 

We analyzed prevalence of cancer sites 
relying on 2018 data and established three 
groups of malignant neoplasms that were the 
most significant in the overall (both men and 
women) structure of cancer morbidity: malig-
nant neoplasms of digestive organs (C15–C26), 
24.2 %; melanoma and other malignant neo-
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plasms of skin, 13.1 %; malignant neoplasms 
of respiratory organs (trachea, bronchi, lungs, 
and larynx), 12.8 %. Priority cancer sites in-
cluded trachea, bronchi, and lungs (11.8 %) 
(9.9 % in the RF), skin (11.5 %; 13.1 % in-
cluding melanoma) (12.6 % in the RF; 14.4 % 
including melanoma); breast, 10.9 % (11.4 % 
in the RF); prostate (7.3 %) (6.8 % in the RF); 
stomach (6.5 %) (5.9 % in the RF); colon 
(5.9 %) (6.9 % in the RF); kidney (4.8 %) (3.9 % 
in the RF); lymphoid and hematopoietic tissue 
(4.6 %) (4.8 % in the RF); rectum, rectosig-
moid junction, and anus (4.4 %) (5.0 % in the 
RF); cervix uteri (3.7 % (2.8 % in the RF); 
corpus uteri (3.4 %) (4.3 % in the RF); pan-
creas (3.3 %) (3.1 % in the RF); urinary blad-
der (2.5 %) (2.8 % in the RF); ovary (2.3 %) 
(2.3 % in the RF); and esophagus (1.5 %).  

The morbidity rates were established to be 
higher in the Irkutsk oblast than the national 

average for almost all the analyzed cancer sites 
(Table 4). 

In 2018, the morbidity rates identified in 
the Irkutsk oblast were higher than the national 
average for 10 cancer sites: cervix uteri (the 
Irkutsk oblast rate is 59.4 % higher than the 
national average); trachea, bronchi, and lungs 
(55.8 % higher); kidney (54.0 % higher); pros-
tate (49.7 % higher); esophagus (45.9 % 
higher); stomach (43.5 % higher); pancreas 
(41.7 % higher); liver and intrahepatic bile 
ducts (35.6 % higher); thyroid (31.1 % 
higher); and lymphoid and hematopoietic tis-
sue (30.2 % higher than the national average). 
The morbidity rates identified for the next five 
cancer sites were 15–30 % higher than the na-
tional average: ovary; female breast; other ma-
lignant neoplasms of skin; urinary bladder; 
rectum, rectosigmoid junction, and anus. The 
morbidity rates identified for four following

T a b l e  4  
Standardized mortality and morbidity rates for the most common cancer sites in the Irkutsk  

blast and in the RF, 2018  
Rate per 100,000 people 

mortality morbidity 
Mortality / morbidity 

ratio Cancer sites Irkutsk  
oblast RF Irkutsk 

oblast RF Irkutsk 
oblast RF 

Share of differ-
ences in the 

rates (of the RF)

Esophagus 3.12 2.65 4.64 3.18 0.67 0.83 19.3 
Stomach 11.86 9.94 19.45 13.55 0.61 0.73 16.9 
Colon 8.5 7.73 17.87 15.58 0.48 0.50 4.1 
Rectum, rectosigmoid junction, 
and anus 5.92 5.66 13.7 11.63 0.43 0.49 11.2 

Liver and intrahepatic bile ducts 4.41 3.66 4.49 3.31 0.98 1.11 11.2 
Pancreas 8.52 6.59 9.95 7.02 0.86 0.94 8.8 
Larynx 1.5 1.58 3.29 2.91 0.46 0.54 16.0 
Trachea, bronchi, and lungs 25.99 19.08 36.82 23.64 0.71 0.81 12.5 
Skin melanoma 1.65 1.44 4.99 4.73 0.33 0.30 -8.6 
Other malignant neoplasms of 
skin 0.47 0.48 33.33 27.46 0.01 0.02 19.3 

Female breast 16.01 14.02 63.26 51.63 0.25 0.27 6.8 
Cervix uteri 8.87 5.07 25.18 15.8 0.35 0.32 -9.8 
Corpus uteri 3.9 3.98 18.7 18.79 0.21 0.21 1.5 
Ovary 5.8 4.92 13.97 11.14 0.42 0.44 6.0 
Prostate 17.68 12.11 62.06 41.45 0.28 0.29 2.5 
Kidney 3.1 4.02 15.42 10.01 0.20 0.40 49.9 
Urinary bladder 2.01 2 7.66 6.41 0.26 0.31 15.9 
Brain and other and unspecified 
parts of central nervous system 3.54 3.61 4.92 4.45 0.72 0.81 11.3 

Thyroid 0.43 0.37 8.34 6.36 0.05 0.06 11.4 
Lymphoid and hematopoietic 
tissue 6.4 6.39 18.43 14.16 0.35 0.45 23.0 

Total MNs: 129 108.6 320.2 246.77 0.40 0.44 8.5 
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cancer sites were less than 15 % higher than 
the national average: colon; larynx; brain and 
other and unspecified parts of central nervous 
system; skin melanoma. 

The mortality rates that were higher in the 
Irkutsk region than the national average were 
identified for the following 12 cancer sites: 
cervix uteri; prostate; trachea, bronchi, and 
lungs; pancreas; liver and intrahepatic bile 
ducts; stomach; ovary; esophagus; thyroid; 
skin melanoma; female breast; colon. The 
highest difference between the mortality rate 
in the Irkutsk oblast and the national average 
was identified for cervix uteri cancer (75 % 
higher than the national average); prostate 
cancer (46 % higher in the Irkutsk oblast than 
the national average); trachea, bronchi, and 
lungs cancer (36.2 % higher). 

Maximum mortality / morbidity ratios, 
both in the Irkutsk oblast and the RF in general, 
are typical for malignant neoplasms of liver and 
intrahepatic bile ducts (0.98 and 1.11 respec-
tively), which indicates high cancer fatality rate 
together with ineffective detection; probably, in 
some cases the disease is diagnosed in the RF 
after a patient’s death. High ratios were also 
identified for the following cancer sites: pan-
creas (0.86 and 0.94); trachea, bronchi, and 
lungs (0.71 and 0.81); brain (0.72 and 0.81); 
esophagus (0.67 and 0.83); stomach (0.73 and 
0.61). Although the cancer mortality and mor-
bidity rates tend to be higher in the Irkutsk 
oblast than the national average over the ana-
lyzed 10 years, their ratios are still lower than in 
the RF in general for most cancer sites. And 
although the difference is rather low if we take 
total MNs (8.5 %), it can reach 15–50 % for 
such cancer sites as kidney, lymphoid and he-
matopoietic tissue, esophagus, other skin MNs, 
urinary bladder, stomach, and larynx. 

Population cancer morbidity rates are es-
tablished to also depend on the age structure of 
population [4]; to eliminate influence of the 
factor, rates are usually standardized when 
analyzed comparatively. MNs morbidity tends 
to grow in the Irkutsk oblast, including both 
the standardized and ‘rough’ rate. This fact 
provides a relevant trend in future research, 
namely, identification of cause-effect relations 

within the ‘environmental factors – cancer 
prevalence’ system. 

D.G. Zaridze and others think [3] that 
cancer morbidity grows in Russia due to, 
among other things, growing prevalence of 
some risk factors. Use of highly sensitive 
screening technologies and early diagnostics 
also facilitate this growth in morbidity rates, 
cancer morbidity included [17]. Medium or 
even low MNs mortality rates have been estab-
lished on territories with higher living stan-
dards, available and widely applied up-to-date 
techniques of early diagnostics and high-tech 
healthcare even though cancer morbidity rates 
were rather high there [18]. An inverse corre-
lation has been identified between population 
mortality and the number of healthcare work-
ers (doctors) and in-hospital ‘cancer’ beds per 
capita (Buryatiya) [7]. 

We have analyzed the existing negative 
situation in the Irkutsk oblast associated with 
high cancer mortality and morbidity among 
population. So, we assume that a high morbid-
ity rate and its growth can be caused not only 
by more effective detection and growing mor-
bidity in older age groups due to population 
ageing and longer life expectancy but also by 
an actual growth in morbidity due to exposure 
to carcinogenic factors. 

 Some carcinogenic risk factors can be 
considered manageable, both at the individual 
and group or population level. According to 
the World Health Organization materials and 
data obtained in Russian research works, a 
substantial share of deaths due to cancer 
(more than 30 %) is caused by manageable 
(modifiable) risk factors, including tobacco 
smoking, alcohol abuse, low physical activity, 
and insufficient consumption of fruit and 
vegetables [4, 17, 19]. In addition, environ-
mental exposures, occupational ones in-
cluded, can also act as carcinogenic risk fac-
tors [6, 8, 20]. However, we have not found 
any studies with their focus on influence ex-
erted by the whole set of factors on cancer 
prevalence in the Irkutsk oblast. Given that, 
issues of establishing carcinogenic factors 
become vital for the region within develop-
ment and implementation of primary cancer 
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prevention. The latter is achieved by reducing 
or eliminating adverse effects of factors man-
ageable at the population, group, and individ-
ual levels. The aforementioned tasks are 
ranked as the priority ones to be tackled by 
the Sanitary Service, the Center for Hygiene 
and Epidemiology, and the East-Siberian In-
stitute of Medical and Ecological Research. 

Conclusion. Therefore, assessment of in-
dividual carcinogenic risks caused by potential 
chemical exposure gives evidence of the exist-
ing unacceptable risk levels in Bratsk, Shelek-
hov, Irkutsk, Angarsk, and Usolie Sibirskoe. 
Risks are assessed as acceptable in Sayansk, 
Cheremkhovo, and Ust-Ilimsk. At the same 
time, the highest average annual radon dose is 
detected in Ust-Ilimsk (7.34 mSv/year), which 
calls for the risk-based approach as a basis for 
periodical medical examinations of workers 
exposed to carcinogenic occupational factors 
in their workplaces and mass health examina-
tions of population. Basically, MNs morbidity 
and mortality rates can be considered unfavor-

able among the population in the Irkutsk 
oblast. Their values, long-term trends taken in 
dynamics, and cancer mortality to morbidity 
ratios give evidence of sufficient healthcare 
provided for cancer patients in the Irkutsk 
oblast. Predictive values that were calculated 
by analyzing long-term trends in the rates are 
going to be within the following ranges in 
2021: the standardized morbidity rate, within 
270.9–329.8; the ‘rough’ morbidity rate, 
within 372.7–532.4 per 100,000 people living 
in the Irkutsk region; the ‘rough’ mortality 
rate, within 220.0–230.0 cases.  

This study allowed identifying priority 
tasks for the development of targeted activities 
aimed at eliminating or reducing adverse ef-
fects produced by carcinogenic factors on hu-
man health. 

 
Funding. The research was not granted any 

sponsor support. 
Competing interests. The authors declare no 

competing interests. 

References 

1. Agovino M., Aprile M.C., Garofalo A., Mariani A. Cancer mortality rates and spillover effects 
among different areas: A case study in Campania (southern Italy). Soc. Sci. Med., 2018, vol. 204, 
pp. 67–83. DOI: 10.1016/j.socscimed.2018.03.027 

2. Siegel R.L., Miller K.D., Jemal A. Cancer statistics, 2019. CA Cancer J. Clin., 2019, vol. 69, 
no. 1, pp. 7–34. DOI: 10.3322/caac.21551 

3. Zaridze D.G., Kaprin A.D., Stilidi I.S. Dynamics of morbidity and mortality from malignant 
tumors in Russia. Voprosy onkologii, 2018, vol. 64, no. 5, pp. 578–591 (in Russian). 

4. Global Action Plan for the Prevention and Control of Noncommunicable Diseases  
2013–2020. Geneva, World Health Organization, 2013. Available at: https://world-heart-federa-
tion.org/emerging-leaders/wp-content/uploads/sites/3/2017/11/2-WHO_Global_Action_Plan.pdf (April 
8, 2023). 

5. Ito K., Miki Y., Suzuki T., McNamara K.M., Sasano H. In situ androgen and estrogen biosyn-
thesis in endometrial cancer: focus on androgen actions and intratumoral production. Endocr. Relat. 
Cancer, 2016, vol. 23, no. 7, pp. R323–R335. DOI: 10.1530/ERC-15-0470 

6. Backofen R., Engelhardt J., Erxleben A., Fallmann J., Grüning B., Ohler U., Rajewsky N., 
Stadler P.F. RNA-bioinformatics: tools, services and databases for the analysis of RNA-based regulation. 
J. Biotechnol., 2017, vol. 261, pp. 76–84. DOI: 10.1016/j.jbiotec.2017.05.019 

7. Efimova N.V., Khankhareev S.S., Motorov V.R., Madeeva E.V. Assessment of the carcinogenic 
risk for the population of Ulan-Ude. Gigiena i sanitariya, 2019, vol. 98, no. 1, pp. 90–93. DOI: 
10.18821/0016-9900-2019-98-1-90-93 (in Russian). 

8. Cherrie J.W., Hutchings S., Gorman Ng M., Mistry R., Corden C., Lamb J., Sánchez Jiménez 
A., Shafrir A. [et al.].  Prioritising action on occupational carcinogens in Europe: a socioeconomic and 
health impact assessment. Br. J. Cancer., 2017, vol. 117, no. 2, pp. 274–281. DOI: 10.1038/bjc.2017.161 

9. Partovi E., Fathi M., Assari M.J., Esmaeili R., Pourmohamadi A., Rahimpour R. Risk assess-
ment of occupational exposure to BTEX in the National Oil Distribution Company in Iran. Chronic Dis. 
J., 2018, vol. 4, no. 2, pp. 48–55. DOI: 10.22122/cdj.v4i2.223 



I.G. Zhdanova-Zaplesvichko, N.V. Efimova, D.F. Savinykh, М.F. Savchenkov  

Health Risk Analysis. 2023. no. 3 48 

10.  Sostoyanie onkologicheskoĭ pomoshchi naseleniyu Rossii v 2018 godu [The state of oncologi-
cal care for the population of Russia in 2018]. In: A.D. Kaprin, V.V. Starinskii, G.V. Petrova eds. Mos-
cow, MNIOI im. P.A. Gertsena Publ., 2019, 236 p. (in Russian). 

11. Tursunzade R. An evaluation of the prevalence of malignant neoplasms in Russia using an inci-
dence-mortality model. Demograficheskoe obozrenie, 2018, vol. 5, no. 3, pp. 103–126 (in Russian). 

12. Choynzonov E.L., Zhuikova L.D., Ananina O.A., Odinstova I.N., Valkov M.Yu., Pikalova L.V. 
Epidemiology of malignant neoplasms in the main cities of the Siberian federal district. Ekologiya 
cheloveka, 2020, no. 11, pp. 53–59. DOI: 10.33396/1728-0869-2020-11-53-59 (in Russian). 

13. Choynzonov E.L., Zhuikova L.D., Ananina O.A., Odinstova I.N., Pikalova L.V. Lung cancer in the 
Tomsk region (epidemiological aspects). Sovremennaya onkologiya, 2019, vol. 21, no. 2, pp. 6–9. DOI: 
10.26442/18151434.2019.2.190413 (in Russian). 

14. Egorkina A.V., Yamshchikov A.S. Risk factors for noncommunicable diseases and a set of or-
ganizational and infrastructural measures for the primary prevention of cancer in the Krasnoyarsk terri-
tory. Mezhdunarodnyi zhurnal prikladnykh i fundamental'nykh issledovanii, 2019, no. 7, pp. 41–45. DOI: 
10.17513/mjpfi.12796 (in Russian). 

15. Zhuikova L.D., Choynzonov E.L., Ananina O.A., Odintsova I.N. Cancer incidence in Siberia 
and Russian far east. Sibirskii onkologicheskii zhurnal, 2019, vol. 18, no. 6, pp. 5–11 (in Russian). 

16. Merabishvili V.M. List of reasons for changing the system of state reporting of oncological ser-
vice. Voprosy onkologii, 2018, vol. 64, no. 3, pp. 445–452 (in Russian). 

17. Zaridze D.G., Maksimovich D.M. Prevention of malignant neoplasms. Uspekhi molekulyarnoi 
onkologii, 2017, vol. 4, no. 2, pp. 8–25. DOI: 10.17650/2313-805X-2017-4-2-8-25 (in Russian). 

18.  GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk as-
sessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 
1990–2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet, 2016, 
vol. 388, no. 10053, pp. 1659–1724. DOI: 10.1016/S0140-6736(16)31679-8 

19.  Aksenova I.A., Domozhirova A.S., Novikova T.S. Trends in the incidence and mortality rates of 
malignant lung tumors in the population of the south Urals, a large industrial region. Onkologiya. Zhurnal 
im. P.A. Gertsena, 2017, vol. 6, no. 3, pp. 48–51. DOI: 10.17116/onkolog20176348-51 (in Russian). 

20.  Petrova G.V., Starinskiy V.V., Gretsova O.P. Assessment of the quality of accounting of deaths 
of patients with malignant neoplasms in Russia. Issledovaniya i praktika v meditsine, 2016, vol. 3, no. 4, 
pp. 70–74. DOI: 10.17709/2409-2231-2016-3-4-8 (in Russian). 

 
 
Zhdanova-Zaplesvichko I.G., Efimova N.V., Savinykh D.F., Savchenkov М.F. Analysis of carcino-

genic risk and dynamics of population morbidity and mortality in the Irkutsk region due to malignant 
neoplasms. Health Risk Analysis, 2023, no. 3, pp. 39–48. DOI: 10.21668/health.risk/2023.3.04.eng 

 
 
Received: 03.04.2023 
Approved: 06.09.2023 
Accepted for publication: 20.09.2023 

 



The threshold of toxicological concern for insufficiently explored chemicals occurring …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 49

UDC 614.7  
DOI: 10.21668/health.risk/2023.3.06.eng 

Read
online

Research article 
 
THE THRESHOLD OF TOXICOLOGICAL CONCERN FOR INSUFFICIENTLY  
EXPLORED CHEMICALS OCCURRING IN DRINKING WATER DURING  
TRANSPORTATION  

A.V. Alekseeva, O.N. Savostikova 
Centre for Strategic Planning and Management of Biomedical Health Risks, 10 Pogodinskaya St., build. 1, 
Moscow, 119121, Russian Federation 
 

 
Finding solutions to issues of drinking water safety is a significant component in activities aimed at public health protec-

tion. In accordance with sanitary-epidemiological requirements, drinking water, in particular, should be harmless as regards its 
chemical composition and have favorable organoleptic properties. It is especially vital to identify risk factors for public health 
associated with drinking water quality. Supplying high-quality drinking water to population is a relevant problem associated, 
among other things, with use of new materials and reagents. The major challenge posed by their hygienic assessment is a poten-
tial growth in human health risks caused by consuming tap drinking water contaminated with migrating organic compounds. 
Although each of them has been detected in low concentrations, they can cause adverse chronic health outcomes. 

The Threshold of Toxicological Concern (TTC) is a powerful tool of risk assessment. It is based on identifying a 
threshold value of effects produced on human health by chemicals for which no hygienic standards have been developed so 
far. Below such a threshold, there is very low (95 %) likelihood of a health risk being higher than its acceptable levels. An 
idea of some exposure levels unable to cause adverse health outcomes is embedded in establishing maximum permissible 
levels (MPLs) for chemicals with known toxicological profiles. The TTC enlarges this concept by assuming that the minimum 
value can be identified for many chemicals based on their composition even if there is no comprehensive database on their 
toxicity. The TTC can be used for evaluating up-to-date materials applied in drinking water supply in order to detect risks 
for human health caused by consumption of drinking water that had contacts with them. Such risk assessment relies on the 
results of examining water extracts and involves identifying priority chemicals for their further investigation and control.  

Keywords: water supply, drinking water, hygienic assessment of polymer materials, threshold of toxicological concern, 
polymers, migration, water-related risk. 
 

 
Exposures to environmental factors are 

considered a strategic social risk in Russia. But 
quite often they are either neglected or com-
prehended incorrectly by the society due to 
absence of adequate and reliable data on them. 

Multiple studies have established anthro-
pogenic pollution of drinking water, together 
with ambient air and soil pollution, to be a 
substantial factor able to affect human health 
[1–7]. Ongoing pollution and constant devel-
opment of analytical methods result in discov-
ering new anthropogenic chemicals in drinking 
water sources as well as in water that has been 
treated until it is safe for drinking. Finding so-
lutions to issues of drinking water safety is a 
significant component in activities aimed at 

public health protection. In accordance with 
sanitary-epidemiological requirements, drink-
ing water, in particular, should be harmless as 
regards its chemical composition and have fa-
vorable organoleptic properties. It is especially 
vital to identify risk factors for public health 
associated with drinking water quality [1, 7]. 
At present, supplying high-quality drinking 
water to population is a relevant problem asso-
ciated, among other things, with use of new 
materials and reagents in drinking water sup-
ply. Drinking water contains some admixtures 
represented by a heterogeneous group of an-
thropogenic compounds (for example, alkyl-
phenols, pharmaceuticals, and microplastics); 
although each compound is usually identified 
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in low concentrations, exposure to such mix-
tures can cause chronic adverse health out-
comes [8–11]. In fact, even if all the compo-
nents of a mixture occur in quantities, which 
separately are unable to cause any observed 
adverse effects, people still might be affected 
due to chronic low-level exposures able to 
produce additive effects thereby becoming 
more toxic [12, 13]. 

At present, the system for hygienic regu-
lation exists in the Russian Federation. Within 
the system, the threshold principle covers all 
the exposure effects and compliance with the 
hygienic standards (maximum permissible lev-
els or MPL, some others) guarantees absence 
of any adverse effects on human health. How-
ever, more and more chemicals are being iden-
tified worldwide, which are not covered by the 
established hygienic standards (they have no 
MPL determined for them). The concept that 
exposure thresholds or safe exposure levels 
can be identified for certain chemicals is 
widely used nowadays in routine practices of 
regulatory authorities in western countries. 
They rely on it when establishing acceptable 
daily intakes for chemicals with known chemi-
cal structure [14, 15]. The concept proposes 
that a low level of exposure with a negligible 
risk can be identified for many chemicals, in-
cluding those of unknown toxicity, based on 
knowledge of their chemical structures [16]. 
Munro with colleagues used a database con-
taining information about 613 chemical com-
pounds explored in sub-chronic and chronic 
animal studies including certain industrial 
chemicals, pharmaceuticals, food chemicals, 
protection chemicals, and consumer chemicals. 
Later on, new studies were added into the da-
tabase and now it is employed in software 
tools such as Toxtree (TT) and OECD Tool-
box.  The database is used to identify a thresh-
old of acceptable human exposure for three 
structural classes and can be applied in the ab-
sence of specific toxicity data on a substance 
within one of them. The Threshold of Toxico-
logical Concern (TTC) method was first intro-
duced in the 90ties last century to facilitate 
assessment of hazards and risks caused by 
chemicals [17, 18]. 

The threshold of toxicological concern 
(TTC) is a risk assessment tool that is based on 
the principle of determining a human exposure 
threshold value for all chemicals, which do not 
have hygienic standards established for them. 
Below such a threshold, there is a very low 
probability of an appreciable risk to human 
health (95 % likelihood that any chemical be-
longing to a specific class does not produce 
any adverse effects on human health) [19, 20]. 
The concept that there are levels of exposure 
that do not cause adverse effects is inherent in 
setting acceptable daily intakes (ADIs) for 
chemicals with known toxicological profiles. 
The TTC principle extends this concept by 
proposing that a de minimis value can be iden-
tified for many chemicals, in the absence of a 
full toxicity database, based on their chemical 
structures and the known toxicity of chemi-
cals, which share similar structural characteris-
tics [21]. The TTC method compares informa-
tion about a chemical dose with a threshold, 
below which any observed adverse effects are 
highly unlikely. Some chemical groups are 
excluded from the TTC approach, namely, 
heavy metals, compounds with extremely long 
half-life time, chemicals that have huge inter-
species differences in bioaccumulation and are 
strong genotoxic carcinogens (aflatoxin-like 
substances, N-nitrosamines, azoxy com-
pounds, steroids and polyhalogenated dibenzo-
p-dioxins, polyhalogenated dibenzofurans), 
and proteins [20–22]. 

The TTC approach employs Cramer clas-
sification of chemicals to assign a chemical 
into one of three structural classes depending 
on its structure. Initially, the approach relied 
on a database [23] that contained results ob-
tained for 613 chemicals in subchronic and 
chronic animal studies. For each substance, the 
5th percentile was calculated from the empiri-
cal cumulative distributions of No observed 
(adverse) effect level (NOAEL) (concentra-
tion) values. Subsequent application of an un-
certainty factor of 100 accounting for inter- 
and intraspecies differences and a default adult 
body weight of 60 kg resulted in TTCs repre-
senting exposure levels at which a 95% chance 
exists that any chemical belonging to the same 
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class does not elicit adverse human health ef-
fects. The threshold human exposure levels 
identified for these three structural classes are 
1800, 540 and 90 µg/person per day respec-
tively [24–26] (Table 1). 

That is, if a chemical belongs to Class 1, 
exposure to it in a dose lower than 1800 
µg/day does not create any health risks even if 
there are only limited data on toxicological 
properties of this chemical. Body weight of an 
adult person is assumed to equal 60 kg; there-
fore, the threshold value can also be given as 
30 µg/kg of body weight per day. 

Exposure thresholds identified for each 
TTC level are based on evaluations of avail-
able data on chemicals toxicity at each level. 
However, it is generally accepted that those 
chemicals without any available data on their 
toxicity can be assigned to a relevant TTC 
level based on their chemical structure. 

Researchers determined the lowest TTC 
levels to be equal to 0.15 µg/day (0.0025 
µg/kg of body weight per day). Any chemical, 
for which there is information about its toxic-
ity / mutagenic effects, is assigned into this 
category [24, 27]. 

Chemicals that are not potential mutagens 
and / or carcinogens, organic fluorine com-
pounds or carbamates are assigned into one of 
three structural classes based on Cramer Deci-
sion tree1. The tree includes 33 questions that 
employ established ways of metabolic deacti-
vation and activation and data on toxicity. The 
Decision tree was created in such a way so that 
chemicals not covered by the TTC approach 
are excluded at an early stage. Use of the De-
cision tree ensures the well-structured ap-

proach that makes it possible to sequentially 
apply the TTC method to assess chemical 
risks. The databases are constantly updated 
[28, 29] but since they can fail to include cer-
tain chemicals, the latter should not be consid-
ered as per this principle. 

Cramer structural classes were identified 
in the following way: Cramer class 1 includes 
substances of simple chemical structure with 
known metabolic pathways and low potential 
toxicity. Cramer class 2 includes substances 
that are intermediate; they possess structures 
that are less innocuous than those in Class 1 
but they do not contain structural features that 
are suggestive of toxicity like those in Class 3. 
Cramer class 3 contains substances with 
chemical structures that permit no strong ini-
tial impression of safety and may even suggest 
a significant toxicity. Therefore, assigning a 
chemical into one of these three Cramer 
classes is an important step in maintaining risk 
assessment reliability. 

Several software platforms were based on 
the obtained information. They allow achiev-
ing minimal subjectivity and sequentially ap-
plying Cramer Decision tree for any chemical 
that should be assessed. The Decision tree was 
employed in software tools including Toxtree 
(TT) [30] and OECD Toolbox (TB) [31]. 
There were certain inconsistencies between TT 
and TB. In total, 165 chemicals (16 %) turned 
out to have different results in these two pro-
grams. Crucial control points are being re-
vealed in the Decision tree; there are ongoing 
discussions as regards strategies and recom-
mendations on how to identify a Cramer class 
for various chemicals [31, 32]. 

T a b l e  1  
TTC values within classification of chemicals 

Classification TTC, µg/day TTC, µg/kg of body weight per day
Potential mutagens and /or carcinogens 0.15 0.0025 
Organic fluorine compounds and carbamates 
with anti-cholinesterase activity 18 0.3 

Cramer class 3 90 1.5 
Cramer class 2 540 9.0 
Cramer class 1 1800 30 

__________________________ 
 
1 TOXNET Databases. Available at: https://toxnet.nlm.nih.gov/cpdb/ (February 15, 2023). 
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Toxtree is a user-friendly open source ap-
plication. Its development was ordered by the 
European Chemical Agency of the Joint Re-
search Center of the European Commission ex-
clusively for determining a Cramer class of a 
chemical substance and estimating its relative 
toxic hazard. Later Toxtree versions included 
some additional options such as mucosa irrita-
tion, BfR / SICRET and Verhaar [33]. 

OECD QSAR Toolbox was ordered by the 
Organization for Economic Cooperation and 
Development (OECD). Cramer classification 
was included into it as a module. Although both 
these systems were developed based on the 
same Cramer Decision tree, each rule might be 
interpreted differently in each of them2.  

Some foreign organizations such as Health 
Canada3, Australia’s National Industrial Chemi-
cals Notification and Assessment Scheme 
(NICNAS)4, and Food Standards Australia New 
Zealand (FSANZ) [34] consider TTC a power-
ful tool for identifying priorities and performing 
risk-based screening. The Toxic Substances 
Control Act (TSCA) obliges the US Environ-
mental Protection Agency (US EPA) to deter-
mine priority of chemicals in trade based on 
risks posed by them and then assess health risks 
caused by high-priority substances. Such as-
sessments combine data obtained by toxico-
logical studies and information about exposures 
[22]. The TTC approach can be used as a filter 
to determine the necessity of a toxicological 
study and its order of priority and avoid con-
ducting such studies if an exposure level of a 
chemical in humans is far below the concentra-
tion needed for it to have any biological effect. 
Such a situation is labeled as ‘negligible expo-
sure’ in the REACH legislation. The studies 
[19, 35] highlight a likely decrease in animal 
studies as a result of active TTC use. 

The TTC approach is applied to evaluate 
safety of cosmetic ingredients and ingredients 
in personal and household products [36–38]. 
The European Food Safety Agency relies on 
TTC to evaluate levels of pesticides in 

groundwater [39]. Independent non-food Sci-
entific Committees (SCCP, SCHER, and 
SCHENIHR) assessed potential TTC use and 
concluded that the approach was scientifically 
eligible for assessing non-carcinogenic risks 
for human health caused by exposure to 
chemicals in trace quantities [40]. The TTC 
approach is also used to assess food products 
safety (flavoring agents); for mixtures of sub-
stances; to identify internal exposure to chemi-
cals (iTTC) [41]; for plant extracts (Botanical-
ТО); to identify the ecological threshold of 
toxicological concern (eco-TTC) [42–44]. 

In the Netherlands a clear and consistent 
approach called ‘Drinking Water Quality for 
the 21st century (Q21)’ has been developed 
within the joint research program of the drink-
ing water companies. Target values for an-
thropogenic drinking water contaminants were 
derived by using the Threshold of Toxicologi-
cal Concern (TTC) approach [45]. The target 
values for individual genotoxic and steroid en-
docrine chemicals were set at 0.01 μg/l. For all 
other organic chemicals the target values were 
set at 0.1 μg/l. The target value for the total 
sum of genotoxic chemicals, the total sum of 
steroid hormones and the total sum of all other 
organic compounds were set at 0.01, 0.01 and 
1.0 μg/l, respectively.  

The studies [46, 47] set the following 
chemical levels for drinking water supply:  
37 µg/l for Cramer class 1 substances and  
4 µg/l for Cramer class 3 substances; for 
Cramer class 3 substances with reproductive 
toxicity, 3 µg/l. The authors believe it is essen-
tial to assess toxicological risks posed by pol-
lutants in drinking water sources since it helps 
identify potential health risks and determine 
priority of chemicals for further investigation 
and monitoring. Calculations performed in the 
studies [45–47] either rely on a person consum-
ing 2 liters of water per day, or consider 10 % 
admissible daily contribution made by water for 
substances with threshold effects, or non-
threshold lifetime risk of cancer reaching 10(-6). 

__________________________ 
 
2 The OECD QSAR Toolbox. Available at: https://www.oecd.org/chemicalsafety/oecd-qsar-toolbox.htm (March 17, 2023). 
3 Health Canada. Government of Canada. Available at: https://www.canada.ca/en/health-canada.html (March 18, 2023). 
4 Australia’s National Industrial Chemicals Notification and Assessment Scheme (NICNAS). Available at: 

https://www.nicnas.gov.au/ (March 18, 2023). 
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Therefore, the aim of this study was to test 
whether it was possible to apply the TTC ap-
proach to evaluate materials used in drinking wa-
ter supply. The task was to reveal likely risks for 
public health caused by consumption of drinking 
water that had contacts with a polyethylene 
coated woven hose used within reconstruction of 
drinking water pipelines. To do that, we evaluated 
the results yielded by examining water extracts. 

Materials and methods. In this study, we 
examined a polyethylene coated woven hose 
designed for reconstruction of drinking water 
pipelines, thermal water supply, communal and 
industrial sewage networks. Its use was exam-
ined by analyzing water extracts derived from 
samples under aggravated conditions.  

Ready samples were represented by white 
hose cuts with a smooth inner polyethylene 
coated surface and an outer surface made of a 
synthetic woven material. The samples were 
evaluated considering the Unified Requirements5; 
we also examined some indicators that were not 
mandatory within assessment of polymer materi-
als used in drinking water supply. 

Prior to any tests, the samples were pre-
pared in accordance with the Methodical 
Guidelines MU 2.1.4.2898-11 Sanitary-
Epidemiological Examinations (Tests) of Mate-
rials, Reagents, and Equipment used for Water 
Treatment6. The ratio of a surface of an exam-
ined material and a contacting water volume 
was 1 cm2 per 1 cm3. Distilled water was used 
as initial one to prepare water extracts. The ex-
tracts were derived under +20 оС and +37 оС. 
The aforementioned water types were used as 
controls to ensure adequacy of hygienic as-
sessment. Samples of test (water extracts) and 
control water were examined to identify and 
quantify low volatile organic compounds on the 

5th and 7th day of the experiment by using 
chromato-mass-spectrometry. 

Results and discussion. Our analysis of a  
5-day water extract from a polyethylene coated 
woven hose identified 22 organic compounds un-
der 37 оС and 15 organic compounds under 
20 оС. Most compounds were identified in low 
concentrations; maximum permissible levels in 
water were not established for some of them. The 
identified compounds mostly belonged to oxy-
gen-containing ones; it is noteworthy, that we de-
tected phenols and aldehydes, ketones, organic 
acids, complex ethers, and phthalates. Moreover, 
we identified nitrogen- and fluorine-containing 
compounds used in chemical industry, such as 
benzotiazol in a level equal to 0.102 mg/l. Ac-
cording to chromato-mass-spectrometry data, the 
following substances were identified in the high-
est concentrations, apart from benzotiazol: tetra-
hydrofurfuryl ether (0.437 mg/l under 37 оС and 
0.088 mg/l under 20 оС) and di-tert-butyl-
oxaspiro-decadiendion (0.345–0.136 mg/l), both 
substances not standardized in drinking water.  

Our analysis of a 7-day water extract iden-
tified 15 organic compounds under  

37 оС and 12 organic compounds under 
20 оС. The identified substances were in low 
concentrations and maximum permissible lev-
els in drinking water were not established for 
most of them. According to chromato-mass-
spectrometry data, the following substances 
were identified in the highest concentrations: 
pentadecanols, hexadecanols, 2,4 di-tert-buty-
lphenol, di-tert-butyl-oxaspiro-decadiendion, 
di-tert-butyl benzochinon; all these substances 
were not standardized in drinking water. 

Therefore, chromato-mas-spectrometry 
identified a wide range of chemicals in water 
extracts, most of them though in low levels; still, 

__________________________ 
 
5 Edinye sanitarno-epidemiologicheskie i gigienicheskie trebovaniya k produktsii (tovaram), podlezhashchei sanitarno-

epidemiologicheskomu nadzoru (kontrolyu), utv. Resheniem Komissii Tamozhennogo soyuza ot 28 maya 2010 goda № 299 [The 
Unified Sanitary-Epidemiological and Hygienic Requirements to products (goods) subject to sanitary-epidemiological surveillance 
(control), approved by the Decision of the Customs Union Commission on May 28, 2010 No. 299]. KODEKS: electronic fund for 
legal and reference documentation. Available at: https://docs.cntd.ru/document/902249109 (April 11, 2023) (in Russian). 

6 MU 2.1.4.2898-11. Sanitarno-epidemiologicheskie issledovaniya (ispytaniya) materialov, reagentov i oborudovaniya, is-
pol'zuemykh dlya vodoochistki i vodopodgotovki: metodicheskie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru 
v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Fed-
eratsii i vvedeny v deistvie 12.07.2011 [Sanitary-Epidemiological Examinations (Tests) of Materials, Reagents, and Equipment 
used for Water Treatment: Methodical Guidelines, approved by the Head of the Federal Service for Surveillance over Consumer 
Rights Protection, the RF Chief Sanitary Inspector; came into force on July 12, 2011]. KODEKS: electronic fund for legal and 
reference documentation. Available at: https://docs.cntd.ru/document/1200089967 (April 11, 2023) (in Russian). 
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it is noteworthy that maximum permissible lev-
els in drinking water are not established for most 
of them. Our tests also showed that intensity of 
migration is influenced by many factors; in our 
case, the experiment involved different time of 
contacts with water and different temperatures.  

The next task was to determine possible 
effects on health produced by the chemicals 

identified in water extracts from a polyethyl-
ene coated woven hose designed for recon-
struction of drinking water pipelines. To do 
that, we determined Cramer classes of the 
identified chemicals without any hygienic 
standards established for their level in drink-
ing water using Toxtree and OECD Toolbox 
software (Table 2). 

T a b l e  2  
Cramer’s classes of the chemicals identified in the analyzed water extracts determined by using 

Toxtree and OECD Toolbox  
No. Chemical CAS Cramer class, Toxtree Cramer class, Toolbox 
1. Tetradecene 1120-36-1 Low (Class 1)  Low (Class 1) 
2. Trimethyl-1-dodecanol 6750-34-1 No data available on the chemical No data available on the chemical
3. Phenoxyethanol 122-99-6 Intermediate (Class 2) Intermediate (Class 2) 
4. 2,4- di-tert-butylphenol 96-76-4 Low (Class 1) Low (Class 1) 
5. Cyclopentanone 120-92-3 Intermediate (Class 2) Intermediate (Class 2) 
6. 2-cyclopentyl cyclopentanone 4884-24-6 No data available on the chemical Intermediate (Class 2) 

7. 2-cyclopentiliden-
cyclopentanone 825-25-2 No data available on the chemical Intermediate (Class 2) 

8. Tributyl acetylcitrate 77-90-7 
 

Extended Cramer rules with Low 
(Class 1). Updated Cramer  

Decision tree High (Class 3) 
Low (Class 1) 

9. Methyl ether of 3-oxo-2-
pentylcyclopentane-acetic acid 24851-98-7

Intermediate (Class 2) 
Updated Cramer Decision tree  

Low (Class 1) 
High (Class 3) 

10. Diisobutyl phthalate 84-69-5 Low (Class 1) skin-irritating Low (Class 1)  

11. Oxaspirodecadiendion-di-tert-
butyl 82304-66-3 No data available on the chemical No data available on the chemical

12. 2,5-di-tert-butyl-1,4-
benzochinon 2460-77-7 No data available on the chemical Intermediate (Class 2) 

13. 4-methyl-8-aminochinoline 62748-01-0 No data available on the chemical High (Class 3) 
14. Tetramethylindol 27505-79-9 No data available on the chemical No data available on the chemical
15. Nitrosomethane 865-40-7 No data available on the chemical High (Class 3) 

16. (3 5-dimethyl-1-piperidinyl)  
(4-mopholil)methanone 349118-92-9 No data available on the chemical No data available on the chemical

17. Benzotiazol 95-16-9 
High (Class 3) Updated Cramer 

Decision tree Intermediate  
(Class 2) 

High (Class 3) 

18. Tetradecane 629-59-4 Low (Class 1) Low (Class 1) 
19. 5-tridecene 25524-42-9 No data available on the chemical No data available on the chemical
20. 2,4-di-tert-butylphenol 96-76-4 Low (Class 1) Low (Class 1) 

21. 3,5-di-tert-butyl-4-
hydroxybenzaldehyde 1620-98-0 No data available on the chemical High (Class 3) 

22. Hexadecane acid 57-10-3 Low (Class 1) Low (Class 1) 
23. Butoxyethoxy ethyl acetate  124-17-4 Low (Class 1) Low (Class 1) 

24. Propylene carbonate 108-32-7 
High (Class 3) 

Revised Cramer Decision tree  
Low (Class 1) 

High (Class 3) 

25. Complex ether of propionic 
acid 74381-40-1 No data available on the chemical No data available on the chemical

26. 1 6-dioxacyclododecane-7 12-
dione 777-95-7 No data available on the chemical Low (Class 1) 
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We did not find any information about 6 
substances that would allow assigning them 
into one of the aforementioned classes. These 
chemicals are not included into the IARC clas-
sification of carcinogens either. 

Tables 3 and 4 provide results of com-
parisons between the levels of the chemicals 
identified in the analyzed water extracts and 
the threshold of toxicological concern, below 
which there is a very low probability of an 
appreciable risk to human health. The de-
tected concentrations (mg/l) were recalcu-
lated into dose values (µg/day) basing on the 

assumption that a person on average con-
sumes 3 liters of water per day (as estab-
lished in the Methodical Guidelines MU 
2.1.5.720-98 Substantiation of Hygienic 
Standards for Chemicals in Drinking and 
Household Water7). The concentrations of 
the identified chemicals were taken from the 
series of tests conducted under 37 оС as the 
most aggravated conditions. In a situation, 
when use of two different software packages, 
Toxtree and OECD Toolbox, yielded differ-
ent results, a substance was assigned into a 
higher Cramer class out of two. 

T a b l e  3  
Indicators that describe quality of water (water extracts) in a statics experiment in comparison 
with the threshold of toxicological concern for these substances (distilled water; in a contact 

with the analyzed material for 5 days; water temperature is 37  0.5 оС) 

No. Chemical CAS Level, mg/l Cramer class TTC, µg/day, 
not higher than 

Intake with drink-
ing water, µg/day

1 Tetradecene 1120-36-1 0.005 Low (Class 1) 1800 15 

2 Trimethyl-1-dodecanol 6750-34-1 0.008 No data available on 
the chemical   

3 Phenoxyethanol 122-99-6 0.023 Intermediate (Class 2) 540 69 
4 2,4- di-tert-butylphenol 96-76-4 0.014 Low (Class 1) 1800 42 
5 Cyclopentanone 120-92-3 0.007 Intermediate (Class 2) 540 21 

6 2-cyclopentyl 
cyclopentanone 4884-24-6 0.092 Intermediate (Class 2) 540 276 

7 2-cyclopentiliden- 
cyclopentanone 825-25-2 0.046 Intermediate (Class 2) 540 138 

8 Tributyl acetylcitrate 77-90-7 0.012 High (Class 3) 90 36 

9 
Methyl ether of 3-oxo-2-

pentylcyclopentane-
acetic acid 

24851-98-7 0.015 High (Class 3) 90 45 

10 Diisobutyl phthalate 84-69-5 0.051 Low (Class 1) 1800 153 

11 Oxaspirodecadiendion-
di-tert-butyl 82304-66-3 0.345 No data available on 

the chemical   

12 2,5-di-tert-butyl-1,4-
benzochinon 2460-77-7 0.014 Intermediate (Class 2) 540 42 

13 4-methyl-8-
aminochinoline 62748-01-0 0.032 High (Class 3) 90 96 

14 Tetramethylindol 27505-79-9 0.017 No data available on 
the chemical   

15 Nitrosomethane 865-40-7 0.01 High (Class 3) 90 30 

16 
(3 5-dimethyl-1-

piperidinyl)  
(4-mopholil)methanone 

349118-92-9 0.091 No data available on 
the chemical   

__________________________ 
 
7 MU 2.1.5.720-98. Obosnovanie gigienicheskikh normativov khimicheskikh veshchestv v vode vodnykh ob"ektov 

khozyaistvenno-pit'evogo i kul'turno-bytovogo vodopol'zovaniya, utv. i vved. v deistvie Glavnym gosudarstvennym sani-
tarnym vrachom Rossiiskoi Federatsii 15 oktyabrya 1998 goda [Substantiation of Hygienic Standards for Chemicals in 
Drinking and Household Water, approved and put in force by the RF Chief Sanitary Inspector on October 15, 1998]. KO-
DEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200006903 
(April 12, 2023) (in Russian). 
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T a b l e  4  
Indicators that describe quality of water (water extracts) in a statics experiment in comparison 
with the threshold of toxicological concern for these substances (distilled water; in a contact 

with the analyzed material for 7 days; water temperature is 37  0.5 оС) 

No. Chemical CAS Level, mg/l Cramer class TTC, µg/day, 
not higher than 

Intake with drink-
ing water, µg/day

1 Tetradecene 629-59-4 0.015 Low (Class 1) 1800 45 

2 5-tridecene 25524-42-9 0.028 No data available on the 
chemical   

3 Pentadecanols 
(3 isomer compounds) 629-76-5 0.050 Low (Class 1) 1800 150 

4 Hexadecanol 
(2 isomer compounds) 36653-82-4 0.049 Low (Class 1) 1800 147 

5 2,4- di-tert-butylphenol 96-76-4 0.034 Low (Class 1) 1800 102 

6 3,5-di-tert-butyl-4-
hydroxybenzaldehyde 1620-98-0 0.008 High (Class 3) 90 24 

7 6,8-dioxapentadecane - 0.018 No data available on the 
chemical   

8 Hexadecane acid   57-10-3 0.043 Low (Class 1) 1800 129 

9 Butoxyethoxy ethyl 
acetate 124-17-4 0.012 High (Class 3) 90 36 

11 Propylene carbonate 108-32-7 0.037 High (Class 3) 90 111 

12 Complex ether of propi-
onic acid 74381-40-1 0.033 No data available on the 

chemical - - 

13 
Methyl ether of 3-oxo-
2-pentylcyclopentane-

acetic acid 
24851-98-7 0.032 High (Class 3) 90 96 

14 Oxaspirodecadiendion-
di-tert-butyl 82304-66-3 0.050 No data available on the 

chemical - - 

15 2,5-di-tert-butyl-1,4-
benzochinon 2460-77-7 0.037 Intermediate (Class 2) 540 111 

16 1 6-dioxacyclodo-
decane-7 12-dione 777-95-7 0.005 Low (Class 1) 1800 15 

17 Hexadecane acid 57-10-3 0.014 Low (Class 1) 1800 42 
 
Our analyses of the test data revealed that 

levels of some chemicals in water extracts, in-
cluding 4-methyl-8-aminochinoline (in tests on 
5-day extracts), propylene carbonate, and 
methyl ether of 3-oxo-2-pentylcyclopentane-
acetic acid (in tests on 7-daty extracts) were 
higher than the threshold of toxicological con-
cern after the identified concentrations were 
recalculated into dose values. These findings 
are evidence of likely health risks. Chemical 
concentrations higher than TTC indicate the 
necessity to search for new data and to conduct 
toxicological experiments to collect an evi-
dence base proving their safety. Therefore, our 
study findings do not allow absolute certainty 
in confirming it is safe to use the examined 
polyethylene coated woven hose in drinking 
water supply.  

Conclusion. The major challenge in hy-
gienic assessment of up-to-date materials is a 
potential growth in health risks associated 
with drinking tap water, which is polluted 
with migrating organic compounds [48, 49]. 
It is impossible to achieve complete absence 
of any pollutants in supplied drinking water 
since modern analytical procedures allow 
identifying even very low concentrations; it 
hardly seems possible to prevent migration 
completely either given the contemporary 
levels of industrial development. New plasti-
cizers are being developed at the moment; 
there is ongoing search for compounds able 
to provide good mechanical properties of  
a material but with limited or even zero mi-
gration, resistance to extraction, and low 
volatility.  
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At present, the TTC use to evaluate ma-
terials applied in drinking water supply al-
lows identifying possible health risks for 
human health caused by consuming drinking 
water that had contacts, among other things, 
with polymers. Such evaluations are based 
on analyzing results obtained by examining 
water extracts.  

The issue of calculating a dose of a 
chemical intake with water remains open for 
discussion. In this study, we calculated intake 
doses relying on likely consumption equal to 
3 liters of water per day in accordance with 
the Methodical Guidelines MU 2.1.5.720-98 
Substantiation of Hygienic Standards for 
Chemicals in Drinking and Household Wa-
ter7. Therefore, the upper limit of TTC-based 
levels in drinking water is 30 µg/liter for 
chemicals assigned into the high Class 3. 
Given possible effects on the reproductive 
function and likely long-term health out-
comes, the threshold for drinking water 
should be set at 0.03 µg/liter. The Guide Hu-
man Health Risk Assessment from Environ-
mental Chemicals (R 2.1.10.1920-048) calcu-
lates health risks relying on daily water con-
sumption of 2 liters, therefore, the upper limit 
of chemical levels will grow. 

In this study, we conducted hygienic as-
sessment of a polyethylene coated woven 
hose; as a result, it is not deemed to comply 
with the EAEU Unified Sanitary-Epide-
miological and Hygienic Requirements to 
Goods Subject to Sanitary-Epidemiological 
Surveillance (Control). It is not safe to use it 
in drinking water pipelines due to migration 
of organic compounds without any hygienic 
standards established for their levels in drink-

ing water as well as due to elevated turbidity 
and inadequate color of the examined water 
extracts (the latter indicators were not ana-
lyzed in this study). 

Basic uncertainties in the present study are 
as follows. First, extracts from polymer pipes 
can be considered similar to drinking water 
only conditionally. Second, we relied on using 
standard exposure factors for a general popula-
tion without considering the most sensitive 
population groups. Third, we used maximum 
levels of the analyzed chemicals in our calcula-
tions and this might result in risk overestima-
tion. On the other hand, we did not consider 
summated exposure to all the analyzed chemi-
cals in this study; due to this fact, a health risk 
caused by combined exposure to all the ana-
lyzed chemicals is considered negligible. 

Therefore, the TTC approach is a quite 
simple practical tool that allows assessing 
health risks caused by exposure to unregulated 
and understudied chemicals compounds with 
unknown toxicological properties occurring in 
drinking water. It also draws attention to 
chemicals with expected high toxicity and al-
lows more precise evaluation of materials, re-
agents and equipment for water treatment, 
which considers likely health risks caused by 
their use.  
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8 The Guide 2.1.10.1920-04. Human Health Risk Assessment from Environmental Chemicals, approved and put into force 

by G.G. Onishchenko, the First deputy to the RF Minister of Health, the RF Chief Sanitary Inspector on March 5, 2004. KO-
DEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200037399 (April 
12, 2023) (in Russian). 
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ASSESSING RISKS OF HEPATOBILIARY DISORDERS IN CHILDREN 
UNDER COMBINED EXPOSURE TO PERSISTING HERPES 
AND TECHNOGENIC CHEMICALS 

О.А. Maklakova1,2, S.L. Valina1, I.Е. Shtina1, О.Yu. Ustinova1 
1 Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya 
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Chronic persistent viral infection leads to developing immune deficiency and may induce lesions in many organs, the 

hepatobiliary system included. This, in its turn, may facilitate the onset of diseases of the digestive system under exposure to 
technogenic chemicals, especially those able to produce hepatotoxic effects.  

In this study, our aim was to examine risks of developing hepatobiliary disorders in children under combined exposure 
to persisting herpes infection and technogenic chemicals.  

We conducted a clinical examination of 324 children aged between 6 and 17 years living either in a large industrial 
city or on a territory where the sanitary-hygienic situation was favorable. The examination included a clinical checkup, 
laboratory diagnostic tests identifying herpes markers, chemical analyses aimed at establishing levels of technogenic chemi-
cals in blood, and ultrasound scanning of hepatobiliary organs.  

We established that exposure to airborne technogenic chemicals created elevated levels of aromatic hydrocarbons and 
formaldehyde in 64.9–97.6 % of the exposed children; elevated manganese and chromium levels, in 20.8–34.6 % of them. 
Markers of cytomegalovirus (CMV) and Epstein Barr virus (EBV) were detected in 75 % of the exposed children; each sec-
ond child had HSV-1 or HSV-2; each third child had human herpesvirus 6. Hepatobiliary disorders occurring under com-
bined exposure to persistent herpes and technogenic chemicals were represented by structural liver changes in 30.8 % of the 
examined children; abnormally shaped gallbladder or reactive changes in its walls and dyscholia, in 15.7–48.8 %;.  These 
disorders entail elevated levels of direct bilirubin and greater ALT against imbalance of oxidant and antioxidant systems and 
manifest themselves as biliary pathology in 69.5 % of cases. Exposed children with persistent herpes infection have 1.2–2.3 
times higher likelihood of developing structural changes in the liver and gallbladder pathology and up to 4.3 times higher 
risks of biliary dysfunction and chronic gastroduodenitis.  

Keywords: children, hepatobiliary disorders, relative risk, persistent herpes, technogenic chemicals, HSV (herpes 
simplex virus), cytomegalovirus, Epstein Barr virus, hepatotoxicity. 
 

 
At present, prevalence of gastrointestinal 

disorders among children remains high, both 
in Russia and worldwide [1–7]. Functional 
disorders of the gastrointestinal tract usually 
occur in preschoolers and tend to have con-
tinuous recurrent clinical course. In adoles-
cence, this may lead to chronic gastroduodenal 
and hepatobiliary pathology, which, in its turn, 

results in much poorer quality of life for chil-
dren and adolescents [1, 8–11].  

Nowadays, well-developed transport infra-
structure and growing production volumes create 
substantial chemical pollution of the environ-
ment [12, 13]. According to the WHO, ambient 
(outdoor) air pollution is the second significant 
factor able to cause non-communicable diseases 
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[14]. Multiple epidemiological studies report that 
population morbidity, that of gastrointestinal 
disorders included, tends to be higher in RF re-
gions with highly developed industry [15–17].  

Anthropogenic environmental pollutants 
are mostly introduced into the body orally and / 
or by inhalation. They are removed from the 
body by detoxification that takes place pre-
dominantly in the liver. Damage to the latter 
can be associated not only with hepatotoxic ef-
fects of xenobiotics but also products of their 
biotransformation [15, 16, 18, 19]. Technogenic 
chemicals, apart from their ability to affect tar-
get organs directly, can also disrupt the endo-
crine regulation, induce depletion of energy and 
plastic resources of various organs and systems 
in the body and, consequently, facilitate devel-
opment of various pathologies [19–21].  

At present, herpes infection is widely 
spread among all population groups due to its 
persistence and long-term symptomless circu-
lation of herpes viruses in the human body 
starting from childhood [22–25].  Herpes vi-
ruses are known to be able to induce functional 
immunodeficiency thereby facilitating chronic 
inflammation; they are also able to affect lym-
phoid tissue cells and liver cells inducing dys-
trophic changes of hepatocytes and cholestasis 
in the latter [24–29]. 

According to some researchers, infectious 
epidemic processes are changing under the con-
temporary conditions. Infectious pathologies 
have been shown to be more prevalent on terri-
tories with high levels of technogenic environ-
mental pollution and they tend to be chronic 
there more frequently [30, 31]. However, little 
attention has been paid to examining peculiari-
ties of herpes infection under exposure to an-
thropogenic environmental factors. 

Therefore, it seems relevant to examine 
how hepatobiliary disorders develop in chil-
dren with herpes infection under exposure to 
airborne technogenic chemicals. 

The aim of this study was to examine 
risks of developing hepatobiliary disorders in 

children under combined exposure to persistent 
herpes infection and technogenic chemicals. 

Materials and methods. To examine pe-
culiarities of hepatobiliary disorders, we per-
formed clinical examination of 213 children 
who were selected by random sampling 
(46.9 % boys and 53.1 % girls, the mean age 
being 9.84 ± 0.21 years). The children lived on 
a territory with developed industry in the Perm 
Krai where ambient air was polluted with aro-
matic hydrocarbons (benzene and xylenes), av-
erage daily levels of formaldehyde were 1.7 
times higher and average manganese levels 
were 4.8 times higher than the established ref-
erence levels under chronic inhalation exposure 
(RfCchr) (р < 0.05); average daily chromium 
levels were 2.6 times higher than on the refer-
ence territory (р < 0.05). The reference group 
was made of 111 children (54.1 % boys and 
45.9 % girls, the mean age being 9.49 ± 0.29 
years) living on a territory where the sanitary 
situation was relatively favorable. Both groups 
were comparable in terms of social indicators 
and sex (р = 0.219–0.339). An acute respiratory 
infection, any exacerbation of a chronic somatic 
pathology or an organic pathology of the nerv-
ous system detected during the clinical exami-
nation was used as an exclusion criterion. 

The performed clinical examination con-
formed to the ethical principles stated in the 
Declaration of Helsinki (with 2008 alterations 
and addenda) and the RF National Standard 
GOST R 52379-2005 Good Clinical Practice 
(ICH E6 GCP)1. It was approved by the Ethics 
Committee of the Federal Scientific Center for 
Medical and Preventive Health Risk Manage-
ment Technologies (The Meeting Report no. 8, 
2021). Prior to the study, legal representatives 
of the examined children gave their informed 
voluntary consent to medical interventions. 

The clinical examination of the children 
included medical and social questioning, check-
ups by a pediatrician and gastroenterologist, 
analysis of child’s medical records (the Form 
no. 112/u and no. 026/y-2000), laboratory diag-

__________________________ 
 
1 GOST R 52379-2005. Good Clinical Practice (GCP): the RF National Standard; approved by the Order of the Federal 

Agency on Technical Regulation and Metrology on September 27, 2005 no. 232-st. KODEKS: electronic fund for legal and 
reference documentation. Available at: https://docs.cntd.ru/document/1200041147 (June 10, 2023) (in Russian). 
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nostics (complete blood count, biochemical 
blood tests, ELISA tests to identify IgG titers to 
herpes simplex virus 1 and 2 (HSV1,2), cy-
tomegalovirus (CMV), NA-antigens of Epstein – 
Barr virus (EBV-NA), PCR of buccal epithe-
lium swabs to identify DNA of human herpes-
virus 6 (HHV6), cytomegalovirus (CMV), and 
Epstein – Barr virus (EBV)) and chemical 
blood analyses. Laboratory diagnostics was ac-
complished according to conventional proce-
dures; changes in the analyzed indicators were 
evaluated in comparison with their age-specific 
physiological norms. 

Chemical analyses of technogenic chemi-
cals levels in biological media (blood) were 
accomplished in accordance with the Methodi-
cal Guidelines MUK 4.1.765-99 Quantifica-
tion of aromatic hydrocarbons (benzene, tolu-
ene, ethyl benzene, о-,m-,p-xylene) in biologi-
cal media (blood) by using gas chromato-
graphy, MUK 4.1.2108-06 Determination of 
phenol mass concentration in biological media 
(blood) by using gas chromatography, MUK 
4.1.2111-06 Identification of mass concentra-
tions of formaldehyde, acetaldehyde, propi-
onaldehyde, butyraldehyde, and acetone in 
blood samples by using high performance 
liquid chromatography, MUK 4.1.3230-14 
Identification of mass concentrations of 
chemicals in biological media (blood and 

urine) by using inductively coupled plasma 
mass spectrometry2. Levels of chemicals in 
the examined children’s biological media 
were compared with the regional background 
levels of the same chemicals identified in 
blood of the children from the reference 
group who lived on an ecologically clean ter-
ritory in the Perm Krai.  

The study involved evaluating sizes, state 
and functional peculiarities of hepatobiliary 
organs. To do that, we performed ultrasound 
scanning of the liver, gallbladder, extrahepatic 
biliary tree, and visceral lymph nodes in the 
abdominal cavity according to conventional 
procedures on Vividq premium ultrasound sys-
tem  (GE Vingmed Ultrasound AS, Norway) 
using both convex (1.8–6.0 MHz) and linear 
transducer (4.0–13.0 MHz). Linear sizes of the 
examined organs were evaluated as per the 
standards suggested by I.V. Dvoryakovskiy 
with colleagues3. 

The obtained data were analyzed using 
conventional methods of descriptive statistics. 
We calculated odds ratio (OR) and relative risk 
(RR) of hepatobiliary pathology and their 95 % 
confidence intervals (CI), authenticity of their 
bottom limit being above 1.0. Cause-effect rela-
tions were established by mathematical model-
ing that relied on univariate dispersion analysis. 
We used the Fisher’s test (F), determination co-

__________________________ 
 
2 MUK 4.1.765-99. Gazokhromatograficheskii metod kolichestvennogo opredeleniya aromaticheskikh uglevodorodov (ben-

zol, toluol, etilbenzol, o-,m-,p-ksilol) v biosredakh (krov') [Quantification of aromatic hydrocarbons (benzene, toluene, ethyl ben-
zene, о-,m-,p-xylene) in biological media (blood) by using gas chromatography]: Methodical Guidelines, approved by G.G. On-
ishchenko, the RF Chief Sanitary Inspector on July 6, 1999. KODEKS: electronic fund for legal and reference documentation. 
Available at: https://docs.cntd.ru/document/1200039012 (May 06, 2023) (in Russian); MUK 4.1.2108-06. Opredelenie massovoi 
kontsentratsii fenola v biosredakh (krov') gazokhromatograficheskim metodom [Determination of phenol mass concentration in 
biological media (blood) by using gas chromatography], approved by G.G. Onishchenko, the Head of the Federal Service for Sur-
veillance over Consumer Rights Protection and Human Wellbeing and the RF Chief Sanitary Inspector on August 9, 2006.  
KODEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200065240 
(May 06, 2023) (in Russian); MUK 4.1.2111-06. Izmerenie massovoi kontsentratsii formal'degida, atsetal'degida, propionovogo 
al'degida, maslyanogo al'degida i atsetona v probakh krovi metodom vysokoeffektivnoi zhidkostnoi  khromatografii [Identification 
of mass concentrations of formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde, and acetone in blood samples by using 
high performance liquid chromatography], approved by G.G. Onishchenko, the Head of the Federal Service for Surveillance over 
Consumer Rights Protection and Human Wellbeing and the RF Chief Sanitary Inspector on August 9, 2006. KODEKS: electronic 
fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200065243 (May 06, 2023) (in Russian); 
MUK 4.1.3230-14. Izmerenie massovykh kontsentratsii khimicheskikh elementov v biosredakh (krov', mocha) metodom mass-
spektrometrii s induktivno-svyazannoi plazmoi [Identification of mass concentrations of chemicals in biological media (blood and 
urine) by using inductively coupled plasma mass spectrometry], approved by A.Yu. Popova, the Head of the Federal Service for 
Surveillance over Consumer Rights Protection and Human Wellbeing and the RF Chief Sanitary Inspector on December 19, 2014. 
KODEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/495856222 (May 06, 
2023) (in Russian). 

3 Ul'trazvukovaya anatomiya zdorovogo rebenka: prakticheskoe rukovodstvo [The ultrasound anatomy of a healthy child: 
practical guide], the 1st ed. In: I.V. Dvoryakovskii ed. Moscow, Firma-STROM LLC Publ., 2009, 384 p. (in Russian). 



Assessing risks of hepatobiliary disorders in children under combined exposure …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 65

efficient (R2), and the Student’s t-test with the 
statistical significance level taken at р ≤ 0.054. 

Results and discussion. The results ob-
tained by chemical analyses of the examined 
children’s biological media revealed aromatic 
hydrocarbons in their blood (р < 0.05). Mean 
levels of benzene, toluene, and p-, м-xylene 
were 1.2–4.25 times higher in the children 
from the test group (р = 0.013–0.00009). Two 
thirds of the children had elevated benzene and 
p-, m-xylene levels in their blood and elevated 
toluene levels were detected in 92.1 % of the 
cases; the same indicators were identified  
1.2–1.8 times less frequently in the reference 
group (р = 0.004–0.0001) (Table 1). 

Biological media of 19.4–26.3 % of the 
examined children were contaminated with 
phenol (р = 0.157). Mean formaldehyde levels 
were statistically significantly higher than the 
background levels (р < 0.05) practically in all 
the examined children (95.8–97.6 %) and were 
1.2 times higher in the test group against the 
reference one (р = 0.019).  

Levels of metals were within their back-
ground range in the examined children’s 
blood; however, they tended to be 1.2 times 

higher in the test group against the reference 
one (р = 0.033–0.0001). The children from the 
test group had elevated manganese levels in 
blood 2.2 times more frequently than those 
from the reference group (20.8 % against 9.6 % 
accordingly, р = 0.015); elevated chromium 
levels were detected in them 1.4 times more 
frequently (34.6 % against 24.3 %, р = 0.077).  

Analyses of throat swabs by the poly-
merase chain reaction revealed human herpes-
virus 6 (HHV6) in practically each third exam-
ined child; Epstein – Barr virus, in each third 
examined child; cytomegalovirus, in singleton 
cases (р = 0.466–0.804). The detected viral 
loads of HHV6, EBV, and CMV DNA did not 
have any significant differences between the 
groups (р = 0.107–0.862). 

Three quarters of the children in the test 
group and 2/3 of the children in the reference 
group had IgG antibodies to CMV antigens and 
EBV-NA (р = 0.251–0.291). The number of chil-
dren with IgG antibodies to HSV1 and HSV2 an-
tigens was 1.2 times higher in the test group (р = 
0.421) and HSV1 and HSV2 IgG levels were 1.5 
times higher in blood serum in the test group 
against the reference one (р = 0.00004) (Table 2). 

T a b l e  1  
Mean levels of technogenic chemicals in the examined children’s blood, mg/dm3 

Chemical Background level The test group The reference group Validity of intergroup 
differences (р) 

Benzene 0 0.0034 ± 0.00019* 0.0008 ± 0.0001* 0.00009 
Toluene 0 0.0023 ± 0.00021* 0.0019 ± 0.00014* 0.0019 
O-xylene 0 0.0032 ± 0.0003* 0.0043 ± 0.0005* 0.032 
P-, m-xylene 0 0.0036 ± 0.0003* 0.0026 ± 0.0004* 0.013 
Phenol 0.0037–0.01 0.0059 ± 0.001 0.0057 ± 0.001 0.703 
Formaldehyde 0.005–0.0076 0.041 ± 0.002* 0.033 ± 0.001* 0.019 
Manganese 0.009–0.017 0.014 ± 0.0004 0.012 ± 0.0004 0.033 
Chromium 0.0007–0.0047 0.0047 ± 0.0003 0.0039 ± 0.0002 0.0001 

Note: * means differences from the background level are authentic (p < 0.05). 
T a b l e  2  

Mean levels of IgG antibodies to herpesvirus antigens in blood serum of the examined children, 
Ме [25; 75], arbitrary units 

Herpesvirus markers The test group  The reference group  Validity of intergroup 
 differences (р) 

HSV1,2 IgG, a.u. 0.68 [0.45; 5.39] 0.45 [0.25; 5.13] 0.00004 
CMV IgG, a.u. 2.06 [1.09; 3.00] 2.26 [0.73; 4.37] 0.304 
EBV-NA IgG, a.u. 72.21 [16.07; 111.48] 67.74 [0.87; 144.38] 0.771 

__________________________ 
 
4 Chetyrkin Е.М. Statisticheskie metody prognozirovaniya [Statistical forecasting procedures]. Moscow, Statistika, 1977, 

356 p. (in Russian). 
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Each second child was established to have 
markers of several herpesviruses (р = 0.632). 

The clinical examination revealed gastro-
intestinal pathology in 84.5–81.1 % of the ex-
amined children (р = 0.436); within its struc-
ture, biliary disorders were identified in 
69.5 % of the cases in the test group and this 
was 1.2 times more frequent than in the refer-
ence group (57.7 %, р = 0.034). Chronic GIT 
diseases were 4.3 times more frequent in the 
test group (15.5 % against 3.6 % in the refer-
ence group, р = 0.001). Secondary diffuse 
hepatitis was diagnosed in 17 children from 
the test group (7.9 % against 3.6 % in the test 
group, р = 0.126). We established an authentic 
cause-effect relation between developing liver 
pathology under elevated levels of manganese, 
chromium, p-m-xylene, toluene, and phenol in 
blood (R2 = 0.127–0.794; 32.70 ≤ F ≤ 418.34; 
р = 0.0001) and HSV1 and HSV2 IgG, CMV 
IgG, and EBV-NA IgG levels in blood (R2 = 
0.151–0.709; 34.66 ≤ F ≤ 507.29; р = 0.0001). 
Biliary dysfunction was 1.2 times more likely 
(RR = 1.205; CI: 1.004–1.447) and chronic 
gastroduodenitis was 4.3 times more likely 
(RR = 4.299; CI: 1.563–11.828) in children 
under combined exposure to persistent herpes-
virus infection and technogenic chemicals. 

Dyspeptic symptoms were mentioned 1.5 
times more frequently by the children from the 

test group (83.1 % against 54.5 % in the refer-
ence group, р = 0.0001); practically half of the 
children in the test group had stomach pains 
(54.1 %) and decreased appetite (56.8 %) 
whereas such symptoms were detected 1.5–3.6 
times less frequently in the reference group 
(14.9 % and 38.6 % of the children accord-
ingly, р = 0.005–0.0001). Dyspeptic symptoms 
in children were established to be 4.1 times 
more likely under combined exposure to per-
sistent herpesvirus infection and technogenic 
chemicals (OR = 4.115; CI: 2.300–7.361). 

Ultrasound scanning of the hepatobiliary 
organs revealed that 5.7 % of the children in 
the test group did not have any hepatobiliary 
pathology and this share was 3.2 times lower 
than in the reference group (р = 0.001) 
(Table 3). Hepatobiliary disorders in children 
were established to be 1.15 times more likely 
under combined exposure to persistent herpes-
virus infection and technogenic chemicals 
(RR = 1.148; CI: 1.034–1.275). 

Pathological changes in the liver were 1.2 
times more frequent in the children from the 
test group; enlarged liver was identified in 
41.3 % of the examined children in both groups. 
Structural changes in the liver were established 
to be 1.9 times more frequent in the children 
from the test group (30.8 % against 16.3 % in 
the reference group, р = 0.01); they were  

T a b l e  3  
Ultrasound scanning of the liver and gallbladder: the results obtained for two groups  

of the examined children, % 

Indicators Test group  Reference 
group  

Validity of intergroup 
differences (р) 

Ultrasound scanning did not reveal any deviations 
from the healthy state of the hepatobiliary organs 5.7 18.5 0.001 

Pathological changes in the liver 61.0 51.1 0.121 
Enlarged liver 41.3 41.3 1.0 
Structural changes in the liver, including: 30.8 16.3 0.01 
reactive 19.2 10.9 0.082 
diffuse 10.5 5.4 0.162 
nidal 1.2 – – 

Pathological changes of the gallbladder, includ-
ing: 83.7 68.5 0.004 

abnormally shaped gallbladder 48.8 33.7 0.018 
enlarged volume of the gallbladder 45.4 45.7 1.0 
reactive changes of the gallbladder walls 15.7 6.5 0.031 
signs of dyscholia 41.9 30.4 0.066 
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predominantly reactive (19.2 % of the cases 
against 10.9 % in the reference group, р = 0.082). 
Likelihood of structural changes in the  
liver was 2.3 times higher in the test group 
against the reference one (OR = 2.286; CI: 
1.204–4.340). We established an authentic 
cause-effect relation between developing 
structural changes in the liver under elevated 
manganese and toluene levels in blood  
(R2 = 0.359–0.743; 143.55 ≤ F ≤ 529.85;  
р = 0.0001) and HSV1 and HSV2 IgG and 
CMV IgG levels in blood (R2 = 0.743–0.794; 
515.58 ≤ F ≤ 780.66; р = 0.0001). 

Gallbladder pathologies were 1.2 times 
more frequent in the children from the test 
group (р = 0.004) (Table 3). Each second child 
had abnormally shaped gallbladder (the gall-
bladder bend or contracted gallbladder) and 
41.9 % of the children had inadequate viscos-
ity of bile with some sediment (dyscholia); this 
was detected 1.4 times more frequently than in 
the reference group (33.7 % and 30.4 %  
accordingly, р = 0.018–0.066). In addition, 
15.7 % of the exposed children with persistent 
herpesvirus infection had some reactive 
changes of the gallbladder walls (the share was 
only 6.5 % in the reference group, р = 0.031). 
Likelihood of the gallbladder pathology in 
children was established to be 1.2 times higher 
under combined exposure to persistent herpes-
virus infection and technogenic chemicals  
(RR = 1.223; CI: 1.049–1.425). We established 
an authentic cause-effect relation between ab-
normally shaped gallbladder and dyscholia 
under elevated manganese, toluene, and p-, m-
xylene levels in blood (R2 = 0.278–0.729; 
80.16 ≤ F ≤ 525.89; р = 0.0001) and reactive 
changes of the gallbladder walls and levels of  
HSV1 and HSV2 IgG and CMV IgG in blood 
(R2 = 0.145–0.609; 28.27 ≤ F ≤ 325.78;  
р = 0.0001). 

Reactive hyperplasia of the lymph nodes 
in the abdominal cavity was detected 1.2 
times more frequently in the reference group 
(67.4 % against 54.1 % in the test group,  
р = 0.037); reactive changes in the lymph 
nodes located in the hepatobiliary area were 
the most frequent (in 41.9 % of the cases in 
the test group and 56.5 % in the reference 

group, р = 0.024). We established an authen-
tic cause-effect relation between developing 
hyperplasia of the lymph nodes in the hepato-
biliary area and HSV1 and HSV2 IgG level in 
blood as well as the viral load of HHV6 and 
EBV DNA (R2 = 0.519–0.898; 181.97 ≤ F ≤ 
1641.69; р = 0.0001). 

Laboratory tests revealed the mean val-
ues of basic indicators to be within the 
physiological ranges in the examined chil-
dren; still, levels of direct bilirubin and  
C-reactive protein, as well as ALT activity 
were authentically higher in the children from 
the test group (р = 0.032–0.003). This may 
indicate a trend towards developing hepato-
cellular dysfunction (Table 4). Elevated direct 
bilirubin levels were 1.5 times more frequent 
in the test group than in the reference one 
(15.1 % against 10.0 % accordingly, р = 0.211). 
We established an authentic cause-effect rela-
tion between elevated direct bilirubin under 
elevated levels of manganese and phenol in 
blood (R2 = 0.176–0.295; 54.59 ≤ F ≤ 102.65; 
р = 0.0001). 

Imbalance between the oxidant and anti-
oxidant systems was detected in the children 
from the both groups. Thus, malonic dialde-
hyde (MDA) levels in blood plasma were 
higher than the physiological norm in the chil-
dren from the test group  (p < 0.05) but also 
authentically lower than in the reference group 
(р = 0.008). Elevated MDA levels were de-
tected in 53.0–60.9 % of the examined chil-
dren (р = 0.180). We established a relationship 
between likelihood of elevated MDA levels in 
blood and elevated formaldehyde levels in 
blood (R2 = 0.388; F = 161.45; р = 0.0001) and 
elevated EBV-NA IgG in blood (R2 = 0.446;  
F = 238.72; р = 0.0001). We also identified a 
decrease in the total antioxidant activity 
(AOA) of blood plasma in the examined chil-
dren against the physiological norm (р = 0.0001). 
Decreased AOA levels were identified in  
68.9–75.5 % of the analyzed samples (р = 0.218). 
We established an inverse relationship be-
tween a decrease in AOA and elevated man-
ganese (R2 = 0.209; F = 90.91; р = 0.0001) and 
HSV1 and HSV2 IgG levels in blood (R2 = 0.415; 
F = 168.94; р = 0.0001).  
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T a b l e  4  
Results of the laboratory tests obtained for the examined children, Ме [25; 75] 

Indicator Physiological 
range Test group  Reference group  Validity of inter-

group differences (р) 
Total protein, g/dm3 60–80 74.0 [71.0; 77.0] 73.0 [70.0; 75.0] 0.013 
Albumins, g/dm3 35–50 44.0 [42.0; 46.0] 43.0 [41.0; 44.0] 0.039 
Total bilirubin, µmol/dm3 0–18.8 10.0 [8.2; 13.4] 9.5 [7.9; 12.1] 0.333 
Direct bilirubin, µmol/dm 3 0–4.3 2.8 [1.9; 3.6] 2.3 [1.7; 3.1] 0.032 
AST, U/dm3 6–37 26.0 [22.0; 30.0] 27.0 [23.0; 31.0] 0.410 
ALT, U/dm3 5–42 15.0 [12.0; 18.0] 13.0 [11.0; 16.0] 0.003 
Alkaline phosphatase, U/dm3 71–645 341.0 [249.0; 475.0] 447.5 [356.0; 564.0] 0.0001 
Triglycerides, mmol/dm3 0.3–1.7 0.7 [0.57; 0.97] 0.79 [0.57; 1.01] 0.316 
Total cholesterol, mmol/dm3 3.11–5.44 4.08 [3.58; 4.53] 4.07 [3.67; 4.64] 0.306 
CRP, mg/dm3 0–12 0.45 [0.03; 12.0] 0.3 [0.01; 0.4] 0.024 
Malonic dialdehyde, µmol/cm3 1.8–2.5 2.6 [2.18; 2.96]* 2.81 [2.34; 3.12]* 0.008 
Antioxidant activity of blood 
plasma, % 36.2–38.6 33.82 [29.1; 37.5]* 32.0 [28.7; 36.2]* 0.142 

Note: * means authentic differences from the physiological norms (p < 0.05). 
 
Conclusions: 
1. Under exposure to airborne tech-

nogenic chemicals in levels reaching 4.8 
RfCchr., 64.9–97.6 % of the examined children 
had elevated levels of aromatic hydrocarbons 
and formaldehyde in blood; elevated manga-
nese and chromium levels were identified in 
20.8–34.6 % of the cases. 

2. Markers of cytomegalovirus and Epstein – 
Barr virus were identified in 74.5–77.0 % of 
the exposed children; markers of herpes sim-
plex virus 1 and 2, in 46.5 %; markers of hu-
man herpes virus 6, in 31.3 %. 

3. Likelihood of structural changes in the 
liver and gallbladder pathology was estab-
lished to be 1.2–2.3 times higher for the ex-
posed children with persistent herpesvirus in-
fection. Hepatobiliary disorders manifested 
themselves in such children as dyspeptic 

symptoms (stomach pains and decreased appe-
tites) in 83.1 % of the cases; they included 
structural changes in the liver, abnormally 
shaped gallbladder, reactive changes of the 
gallbladder walls, and dyscholia in 48.8 % of 
the cases and were accompanied with elevated 
levels of direct bilirubin and ALT activity 
against the developing imbalance between the 
oxidant and antioxidant systems. 

4. Relative risk of biliary dysfunctions 
and chronic pathology equals 1.2–4.3 for 
children under combined exposure to persis-
tent herpesvirus infection and technogenic 
chemicals. 
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The aim of our study was to perform hygienic assessment of use of electronic digital devices and its relationship with 

likely disorders of the visual analyzer in students of different age. 
Our research object is represented by students of different age (5th grade (n = 55), 11th grade (n = 67) and the 6th year 

of HEI (n = 102)). This study focused on examining a relationship between disorders of the visual analyzer and use of elec-
tronic digital devices (EDDs) by students of different ages (5th and 11th grades in school, 6th year in HEI). We conducted 
social research by using a group indirect survey that relied on a specifically designed questionnaire consisting of 13 ques-
tions. Answers were collected by using Google Forms online platform. 

Students were established to use a smartphone (99.6 % of the respondents) and / or laptop (83 %) in their everyday ac-
tivities. We analyzed duration of an activity involving use of various devices and established that 95 % of the respondents did 
not adhere to the existing hygienic standards when using EDDs and spent more than 4 hours a day on using them. The re-
gression analysis revealed an association between myopia development and simultaneous use of various EDDs (R2 = 0.68;  
р < 0.0001). A contribution made to developing eyesight disorders by working with a laptop equaled 62 % whereas contribu-
tions made by watching TV and use of smart-watch equaled 19 % and 10 % respectively. Our assessment of a relative risk 
established that use of a laptop (PC) for more than 4 hours a day increased likelihood of myopia by 8.6 times (RR = 8.6; 
95 % CI = 1.4–54.9, р < 0.05). Development of other functional disorders in school students was primarily associated with 
watching TV (85–89 %). 

Therefore, our study findings provide more precise data on the established relationship between improper EDDs use 
and disorders of the visual analyzer in students of different age. They provide solid grounds for implementation of relevant 
prevention activities.  

  Keywords: HEI students, school students, myopia, computer vision syndrome, electronic digital devices, electronic 
learning devices, relative risk. 
 

 
Protection and promotion of children’s 

health is a priority target in the development of 
the healthcare and education in the Russian 
Federation. The modern digital environment 
produces considerable effects on children, ado-
lescents, and youth as regards their learning 
activities, spare time, socialization, and life-
style [1, 2]. Digitalization of education pro-
vides wide opportunities for using electronic 
educational resources, various simulators and 

emulators in order to master practical skills 
[3]. Development of digital skills in children 
facilitates development of the intellectual 
component in human potential thereby accel-
erating development of thinking, memory, at-
tention, and imagination [4, 5]. On the one 
hand, electronic digital devices (EDDs) make 
education more effective; however, on the 
other hand, they are able to create unfavorable 
conditions, which, in their turn, are likely to 
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induce various symptoms and health impair-
ment in students [6, 7]. Students often use 
gadgets not only in learning activities but also 
in their spare time; they keep a wrong posture 
while doing it and do not have sufficient light-
ing. All this leads to such health disorders as 
accommodative excess, myopia of various de-
grees, computer vision syndrome, more rapid 
fatigue and, consequently, weaker resistance to 
stress [8–10]. Use of electronic devices is as-
sociated with such a civilization disease as dry 
eye syndrome, which is identified in 9–18 % 
of the population in developed countries. Over 
the last 30 years, the prevalence of this disease 
has grown by 4.5 times. Surveys conducted 
among medical students reveal dry eye syn-
drome of various intensity in 43.6 % of re-
spondents [11, 12]. Uncontrolled digitalization 
will promote an annual growth in prevalence 
of myopia among school children and myopia 
progression by 0.5–2 diopters in 30 or 
higher % of them [13]. At present, a new term, 
‘epidemics of myopia’, is being used in Russia 
[14]. Some British researchers report that a 
number of children who use smartphones and 
have their own electronic devices grows every 
year. Children aged between 8 and 11 years 
mostly use gaming gadgets whereas older 
children aged between 12 and 15 years prefer 
to use tablets and smartphones. Also, use of 
tablets by children aged between 5 and 15 has 
tripled by now against 2012 [15, 16].  

The aim of our study was to perform hy-
gienic assessment of use of electronic digital 
devices and its relationship with likely disor-
ders of the visual analyzer in students of dif-
ferent age. 

Materials and methods. Students of dif-
ferent age were selected as our research object. 
The sample included children who attended 

secondary schools (5th grade (n = 55) and 11th 
grade (n = 67)) and medical university under-
graduates (6th year, n = 102) (Table 1).  

T a b l e  1  
Respondents of different age distributed  

as per sex 
Total, n = 224 Age 

male female 
5th grade 16 (29 %) 39 (71 %) 
11th grade 9 (13.4 %) 58 (86.6 %) 
6th year university 
undergraduates 12 (11.8 %) 90 (88.2 %) 

 
We conducted social research by using a 

group indirect survey that relied on a specifi-
cally designed questionnaire consisting of 
13 questions. They described respondents’ re-
lations with electronic digital devices (EDDs): 
a gadget type, frequency of its use, duration of 
uninterrupted use; as well as occurring disor-
ders of the visual analyzer: complaints of feel-
ing unwell during and after EDD use and di-
agnosed myopia. Answers were collected by 
using Google Forms online platform. 

The study was conducted in conformity 
with the ethical principles stated in the Decla-
ration of Helsinki and the EU Directives 
(8/609EC). Prior to the study, all the partici-
pants were informed of its aims. An access to 
the online questionnaire was granted only after 
participants provided their informed voluntary 
consent. 

We evaluated whether EDDs use con-
formed to the existing hygienic requirements 
relying on the Sanitary Rules SP 2.4.3648-201 
and Sanitary Rules and Norms SanPiN 
1.2.3685-212.  

Research data were statistically analyzed 
by conventional methods of variation statis-

__________________________ 
 
1 SP 2.4.3648-20. Sanitarno-epidemiologicheskie trebovaniya k organizatsiyam vospitaniya i obucheniya, otdykha i oz-

dorovleniya detei i molodezhi; utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha RF 28.09.2020 № 28 
[Sanitary-epidemiological requirements to organizing education, leisure and health improvement of children and youth; ap-
proved by the Order of the RF Chief Sanitary Inspector on  September 28, 2020 no. 28]. Rospotrebnadzor. Available at: 
https://www.rospotrebnadzor.ru/files/news/SP2.4.3648-20_deti.pdf (January 20, 2023) (in Russian). 

2 SanPiN 1.2.3685-21. Gigienicheskie normativy i trebovaniya k obespecheniyu bezopasnosti i (ili) bezvrednosti dlya 
cheloveka faktorov sredy obitaniya; utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha RF 28.01.2021 № 2 
[Hygienic standards and requirements to providing safety and (or) harmlessness of environmental factors for people; approved 
by the Order of the RF Chief Sanitary Inspector on  January 28, 2021 no. 2]. Rospotrebnadzor. Available at: 
https://www.rospotrebnadzor.ru/files/news/GN_sreda%20_obitaniya_compressed.pdf (January 20, 2023) (in Russian). 
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tics in Microsoft Office 2010 and Statistica 
6.0 applied software packages. We used the 
chi-square test to evaluate significance of dif-
ference in prevalence of health disorders. Re-
lationships and combined effects of several 
EDDs were evaluated by using regression 
analysis with model significance identified as 
per the Fisher test and the determination coef-
ficient (R2). We calculated a relative risk (RR) 
and its 95 % confidence interval (95 % CI) to 
establish influence the priority EDDs had on 
prevalence of disorders of the visual analyzer. 
The significance level was taken as р < 0.05 
for RR > 1 and the CI bottom limit > 1.  

Results and discussion. The present study 
involved examining effects of the following 
EDDs: mobile electronic devices (MEDs) such 
as a smartphone or a smart watch; electronic 
learning devices (ELDs) such as a PC, laptop, 
or a tablet; other technical devices (TDs) such 
as a TV set or a gaming console [1].  

Our study established that all the stu-
dents used a smartphone in their everyday 
activity (99.6 % of the respondents). A laptop 
took the second place as per frequency of its 
use by the respondents (83 %). The total daily 
time of EDDs use is a significant indicator 
that describes its safety. It is noteworthy that 
duration of MEDs use (smartphone or smart 
watch) and TDs (gaming console) is not regu-
lated by the existing regulatory documents; 
ELDs use (PC, laptop, or tablet), however, 
should not exceed 120 minutes a day for mid-
dle school children and 170 minutes a day for 
senior school children and HEI students. Ac-

tual findings that describe how the examined 
students were distributed depending on dura-
tion of using different technical devices, indi-
cate that 95 % of the respondents do not ad-
here to the established hygienic standard 
when using ELDs and use them for more than 
4 hours a day. The share of the respondents 
who use a smartphone for longer than 4 hours 
a day equals 79 %. 

TV is watched and a smart watch is used 
daily by 39 and 25 % of the respondents re-
spectively. Such devices as an e-book or a 
gaming console are used by the respondents 
much less frequently (8–9 %). However, if 
children and adolescents watch TV, use a 
smart watch or play games on a console, they 
spend not less than 4 hours a day on these  
activities.  

Failure to adhere to safety rules when us-
ing electronic devices may be a risk factor able 
to cause functional disorders and chronic dis-
eases of the eye [1]. Table 2 provides data on 
prevalence of some disorders of the visual ana-
lyzer in the students of different age included 
into the analyzed sample. 

Myopia is obviously the most frequent 
disorder. The regression analysis established an 
association between myopia development and 
ELDs use (laptop or PC), watching TV, and use 
of a smart watch (R2 = 0.68; р < 0.0001)  
(Table 3). A contribution made by laptop use to 
eyesight disorders was the highest and equaled 
65 % whereas contributions made by watching 
TV and use of a smart watch equaled 19 % and 
10 % respectively.  

T a b l e  2   
Prevalence of functional disorders and chronic diseases of the eye in students  

of different age, % 
Total 

n = 224 
5th grade 
n = 55 

11th grade  
n = 67 

6th year 
n = 102 Functional disorders and chronic 

 diseases of the eye abs. % abs. % abs. % abs. % 
Myopia  171 76.3 35 63.6* 53 79.1 83 81.4* 

Blurred vision 154 68.8 18 32.7*Δ 37 55.2●Δ 99 97.1*● 

Lacrimation  59 26.3 17 30.9* 26 38.8● 16 15.7●* 
Photophobia  42 18.8 14 25.5 15 22.4 13 12.7 
Excessive blinking 42 18.8 13 23.6 17 25.4 12 11.8 

Note: significant differences (р < 0.05) between various age groups: Δ is between the 5th grade and 11th grade; 
*, 5th grade and 6th year; ●, 11th grade and 6th year 
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T a b l e  3  
Parameters of regression models describing relationships between prevalence of functional 

disorders and chronic diseases of the eye and long EDDs use in students of different age  
EDD type Response  b1 Error  Fisher’s test (F) p R2 

All age groups 
laptop 0.919355 0.044370 429.3 <0.001 0.65 

TV 0.386861 0.052450 54.4 <0.001 0.19 
smart watch 

Myopia  
0.313609 0.062841 24.9 <0.001 0.10 

5th grade school students 
laptop 0.972222 0.038405 640.8 <0.001 0.92 

TV 0.571428 0.112725 25.7 <0.001 0.33 
smart watch 

Myopia 
0.476190 0.141107 11.4 0.0013 0.18 

laptop 0.5 0.116852 18.3 <0.001 0.26 
TV 0.9 0.051657 303.5 <0.001 0.85 

smart watch 
Blurred vision 

0.880952 0.091497 92.7 <0.001 0.64 
11th grade school students 

laptop 0.854839 0.159942 28.6 <0.001 0.31 
TV 0.4375 0.085132 26.4 <0.001 0.29 

smart watch 
Myopia 

0.264151 0.119629 4.9 0.03 0.07 
laptop 0.596774 0.222728 7.2 0.009 0.10 

TV 0.9375 0.041540 509.3 <0.001 0.89 
smart watch 

Blurred vision 
0.566037 0.134482 17.7 <0.001 0.21 

6th year university undergraduates 
laptop 0.943181 0.062485 227.8 <0.001 0.69 

TV 0.271428 0.079394 11.7 <0.001 0.11 
smart watch 

Myopia 
0.256756 0.083377 9.5 <0.001 0.09 

 
We assessed a relative risk caused by eye-

sight disorders associated with unsafe ELDs 
use; as a result, we established that laptop (PC) 
use for more than 4 hours a day increased like-
lihood of myopia by 8.6 times (RR = 8.6; 95 % 
CI = 1.4–54.9, р < 0.05). 

Next, we conducted a more profound ex-
amination of effects produced by ELDs, 
MEDs, and other TDs on students’ health con-
sidering their age. Analysis of myopia preva-
lence revealed an overall ascending trend in it 
among HEI graduates against school students 
(Table 2). Prevalence of such functional disor-
ders as blurred or double visions also grows in 
older students. 

Myopia prevalence was shown to be asso-
ciated with long laptop use (the 5th grade,  
R2 = 0.92; p < 0.0001; the 11th grade, R2 = 0.31; 
p < 0.0001; the 6th year, R2 = 0.69; p < 0.0001) 
and watching TV (the 5th grade, R2 = 0.33;  
p < 0.0001; the 11th grade, R2 = 0.29; p < 0.0001; 
the 6th year, R2 = 0.11; p < 0.0001) for all the 

examined age groups. A weaker association 
was established for use of a smart watch (the 
5th grade, R2 = 0.18; p = 0.0014; the 11th grade, 
R2 = 0.07; p = 0.03; the 6th year, R2 = 0.09;  
p = 0.002) (Table 3). It is noteworthy that long 
ELDs use involves more frequent myopia de-
velopment than in the total sample and no sig-
nificant differences have been identified be-
tween the analyzed age groups: 94.4 ± 3.8 % 
in the 5th grade, 85.5 ± 4.5 % in the 11th grade, 
94.3 ± 2.5 % in the 6th year of HEI (р > 0.05). 

Blurred vision as an eyesight disorder in 
school students was associated with watching 
TV (in the 5th grade, R2 = 0.85; p < 0.0001; in 
the 11th grade, R2 = 0.89; p < 0.0001), use of a 
smart watch (in the 5th grade, R2 = 0.64;  
p  <0.0001; in the 11th grade, R2 = 0.21;  
p < 0.0001), and laptop use (in the 5th grade, 
R2 = 0.26; p < 0.0001; in the 11th grade,  
R2 = 0.10; p < 0.009). Combined contributions 
made by these factors into the analyzed disor-
der equaled 88 and 89 % in the 5th and 11th 
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grade accordingly. Meanwhile, we did not estab-
lish any similar associations in HEI undergradu-
ates; this may indicate that high prevalence of 
this disorder is caused by some other factors. 
Search for other factors established a trend of 
blurred vision being likely associated with use of 
smartphone (RR = 1.1; 95 % CI: 0.9–1.3). 

Myopia prevalence varies between 19 and 
42 % in developed countries and reaches 70 % 
in some eastern countries. According to 
A.A. Minnikhanova with colleagues, myopia 
prevalence is 6–8 % in junior school whereas 
it grows up to 25–30 % in senior school chil-
dren [17]. А.М. Abdulina provides some evi-
dence of a negative trend in school ontogene-
sis in her article ‘The Impact of Computer on 
Eyesight’. Thus, only 2.4 % of children have 
myopia when they first come to school; by the 
5th grade, the share reaches 19.7 %; by the 11th 
grade, myopia prevalence reaches 36.8 % and 
this level is quite similar to the European one 
[14]. At the same time, V.R. Kuchma and oth-
ers [18] report in their research on children’s 
population health that myopia of different se-
verity is diagnosed in 62 % of school students 
by the end of school education. O.M. Filkina 
with colleagues established in their study that 
the number of children with myopia grew by 
2.1 times over the period of school education 
(p = 0.0098) [19]. Myopia prevalence among 
school students in Perm was analyzed in dy-
namics; as a result, a growth in it equaled 
2.3 times between the 1st and 5th grade when 
the share of school students with myopia 
reached 39 % [20]. Myopia development has 
its peculiarities due to implementation of dif-
ferent educational programs. In particular, 
myopia develops much earlier in students who 
attend school with profound studies of some 
subjects (RR = 1.48–2.50; 95 % CI = 1.22–3.75; 
р < 0.001) [21]. A complex medical examina-
tion of medical students in Orenburg detected 
myopia in 29.5 % of them and mild myopia 
was the most widely spread (53.8 %) [22]. 
Findings of the present study revealed a rather 
high prevalence of the disease: 63.6 % in the 
5th grade, 79.1 % in the 11th grade and 81.4 % 
in HEI graduates. On the one hand, this might 
be due to respondents’ tendency to overesti-

mate their health disorders and to be too anx-
ious about their health. On the other hand, we 
cannot exclude some errors caused by absence 
of complete official data. 

Computer vision syndrome caused by 
long use of electronic devices combines 
symptoms of asthenopia and dry eye syn-
drome [23]. In the present study, the respon-
dents mentioned blurred and double vision 
(68.8 %) and lacrimation (26.3 %). When 
conducting a survey among medical students, 
O.V. Ievleva found that approximately 62 % 
of the respondents complained of double vi-
sion, lacrimation, and lower visual working 
capacity after or during EDDs use [24]. How-
ever, any signs of computer vision syndrome 
were mentioned solely in 3.6 % of cases in 
the study by E.I. Shubochkina with col-
leagues [25]. These differences are likely to 
be associated with different duration of 
gadget use by students.  

Duration of students’ interaction with 
such devices was analyzed to find evidence of 
EDDs negative effects as a risk factor able to 
cause health disorders in them. Review and 
generalization of findings reported in pub-
lished articles make it possible to conclude 
that children who rarely use gadgets have 
higher values of the health index [5]. Parental 
control of MEDs use decreases the risk of 
myopia development by more than 2 times 
[14]. Other authors report an association be-
tween myopia in school students and use of 
gadgets by them for longer than 6 hours a day 
(RR = 1.8; 95 % CI = 1.21–3.61, p < 0.05) 
[19]. Some studies by foreign authors confirm 
this association as well: R. Saxena with col-
leagues provide some data on growing risks of 
myopia when time spent on PC games exceeds 
4 hours a week (OR = 8.1; 95 % CI = 4.05–16.2; 
p < 0.001) [26]. Examination of adolescents 
aged between 10 and 15 years revealed an as-
sociation between myopia prevalence and 
EDDs use for more than 1 hour a day (p = 0.011) 
[27, 28]. An association between visual acuity 
disorders and failure to use EDDs safely is 
also well-known and is identified for several 
parameters of unsafe use (absence of necessary 
breaks, irrational working posture, insufficient 
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lighting, failure to do eye gymnastics, etc.) 
(RR = 3.07; 95 % CI = 1.88–5.03, p < 0.05) 
[1]. Our research results provide more precise 
data on the established relationship between 
improper EDDs use and disorders of the visual 
analyzer. In particular, we identified priority 
EDDs and established the relationship between 
their use and myopia prevalence in students of 
different age (5th grades, 11th grades, and 6th 
year). ELDs (laptop and PC) were established 
to increase the risk of visual acuity disorders 
by 8.6 times in case they were used for longer 
than 4 hours a day. We also determined pecu-
liarities of associations between ELDs and 
prevalence of functional disorders in school-
children and HEI students.  

Limitations of the study. Since the sam-
ple does not cover cases when some MEDs, 
ELDs and TDs are used for a shorter period of 
time than two or four hours, it is not deemed 
possible to fully evaluate likelihood of func-
tional disorders and chronic diseases of the eye 
associated with use of such devices. In addi-
tion, we should consider the fact that the ex-
amined sample was predominantly made of 
females and we can expect certain bias in the 
study findings towards overestimation given 
the well-known and evidenced sex-specific 
differences in myopia prevalence.  

Conclusions: 
1. Smartphone (99.6 %) and laptop (83 %) 

are priority digital devices used by the respon-

dents. Simultaneously, students of the 5th grade 
also watch TV and those of the 11th grade tend 
to use gaming consoles. 

2. Myopia prevalence equals 76.3 % on 
the whole among schoolchildren and students 
in the examined sample; prevalence of func-
tional disorders is 141.1 %. 

3. Daily MEDs, ELDs and TDs use 
causes visual acuity disorders. Contribution to 
myopia development made by laptop (PC) use 
equals 65 %; contributions made by watching 
TV and use of a smart watch equal 19 % and 
10 % accordingly. The total contribution made 
by all the factors amounts to 68 %. 

4. Use of ELDs (laptop or PC) that does 
not conform to the existing hygienic standards 
for its duration (longer than 4 hours) increases 
the risk of myopia by 8.6 times (RR = 8.6; 
95 % CI: 1.4–54.9, р < 0.05). 

5. Development of functional disorders 
(blurred or double vision, lacrimation) in 
schoolchildren is primarily associated with 
watching TV (85–89 %), use of a smart watch 
(21–64 %) and laptop (PC) use (10–26 %). 
Similar disorders are caused in HEI students 
by some other risk-inducing factors, including 
those not covered by the present study. 
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This cross-sectional study aimed to evaluate the nutritional status of 24–60-month-old children in Hanoi, Vietnam, and 

explore parents’ perception of their child's body shape, as well as related factors.  
The study found that parents’ wishes had a significant impact on their children’s nutritional status, as reflected in the high 

percentage of parents dissatisfied with their child’s weight and shape. Malnutrition, overweight, and obesity were defined based 
on WHO 2006 standards, and children's anthropometric indices were measured. A self-reported questionnaire was used to col-
lect information on parents’ perception of their child’s health based on body shape and their satisfaction with it.  

The results showed highest dissatisfaction with the child's shape in malnourished children (86.8 %), then in the obese 
group (60.4 %), and lowest in overweight children (28 %). Correct parental perception about the child’s nutritional status 
and the healthiest shape was only 61.1 % and 34.5 %, respectively. Several factors related to parental correct perception 
about the child’s shape were found and it was higher 22.5 % with the parent living in suburban area than those living in 
urban area, 20 % with the parent of girls than those of boys, it decreased to 54 % in group of malnourished children, and 
66 % in group of obese and overweight children.  

The findings of this study highlight the importance of parental education on healthy child development and the need 
for interventions to address the high prevalence of malnutrition, overweight, and obesity in preschool children. 

Keywords: nutritional status, preschool children, parental perception, body shape, parental dissatisfaction, malnutri-
tion, obesity, overweight. 
 

 

 
Childhood obesity is a growing public 

health concern worldwide, and Vietnam is no 
exception. According to a recent report using 
data released by the World Health Organiza-
tion (WHO) and the United Nations Children’s 
Fund (UNICEF), the prevalence of childhood 
overweight in Vietnam has increased signifi-
cantly in recent years, from 5.6 % in 2010 to 
7.4 % in 2019 in children under 5 years old 
[1–3]. This alarming trend highlights the need 
for effective strategies to prevent and manage 
childhood obesity in Vietnam. 

Nutritional status is always a matter of 
concern to parents with the expectation that 

the majority of children will have a weight and 
height that meet or exceed the standard. This is 
one of the important reasons for the rate of 
overweight and obese children increased rap-
idly in Vietnam in recent years. Parents' 
awareness can influence changes in eating be-
havior and physical activities of young chil-
dren, thereby determining the nutritional status 
of children [4, 5]. One possible factor contrib-
uting to childhood obesity is parental percep-
tion and/or dissatisfaction with their children's 
shape and weight [6]. Previous studies have 
shown that parental dissatisfaction with their 
children's body shape can lead to negative atti-
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tudes towards food and eating habits, which in 
turn can increase the risk of childhood obesity 
[7, 8]. However, little is known about the rela-
tionship between parental perception and dis-
satisfaction with children's shape and the nutri-
tional status of children in Vietnam. 

To address this research gap, a popula-
tion-based study was conducted to investigate 
the relationship between parental dissatisfac-
tion with children's shape and the nutritional 
status of preschool children in Vietnam. Our 
study aimed to determine the prevalence of 
parental perception of children's shape, and to 
explore the association between this and sev-
eral related factors as parental dissatisfaction 
and nutritional status indicators, living areas, 
and sex of a child. The findings of our study 
have important implications for the develop-
ment of effective interventions to prevent 
childhood obesity in Vietnam. By identifying 
the role of parental attitudes towards their 
children's body shape in the development of 
childhood obesity, our study can give grounds 
for the development of targeted interventions 
aimed at promoting healthy eating habits and 
preventing obesity in Vietnamese children. 

Research methodology. This cross-sec-
tional survey was carried out among 15.483 
preschool children and their parents in 36 kin-
dergartens in three different districts of Hanoi 
(Hoan Kiem – urban district and Dong Anh, 
Hoang Mai – suburban districts). These loca-
tions were selected in order to create a sample 
of families with low incomes that can affect 
the parental perceptions and desires about 
children’s nutritional status. The information 
was collected between September and No-
vember, 2018. Criteria for inclusion were that 
children attended selected preschools; were 
aged between 24 and 60 months; a written 
consent from their parents to participate in the 
study was provided; and they did not have any 
chronic diseases proved by medical records 
and managed by health care facilities. Exclu-
sion criteria were age younger than 24 months 
or older than 60 months; established medical 
records mentioning chronic diseases or long-
term medications administration that might 

cause obesity or malnutrition such as congeni-
tal heart disease, HIV, metabolic disorders, 
genetic diseases, or corticosteroid drugs. 

Anthropometric indices including weight 
and height were measured with subjects in 
light clothing and without shoes twice for each 
individual, and the mean was used for the pur-
pose of analysis. BMI was calculated as the 
weight per square of the height (kg/m2). 

The children's anthropometric indices 
were measured, and malnutrition, overweight, 
and obesity were defined as BMI below -2SD, 
above 2SD, and 3SD, respectively, based on 
WHO 2006 standards [9]. It is noteworthy that 
children who were obese due to medical rea-
sons were excluded from the study. 

Data collection. Information on parents' 
perception of their child's health based on body 
shape (scale containing shapes from 1 – thinnest 
to 9 – fattest) (Figure 1) and their satisfaction with 
their child's body shape was collected through a 
self-reported questionnaire from parents. The 
questionnaire was developed in Vietnamese and 
was pre-tested for clarity and validity. 

Statistical analysis. Descriptive statistics 
were used to summarize the demographic 
characteristics of the participants, parental sat-
isfaction with children's shape, and nutritional 
status indicators. Chi-square tests and t-tests 
were used to examine the association between 
parental satisfaction with children's shape and 
nutritional status indicators. Multivariable lo-
gistic regression was used to assess the inde-
pendent association between parental satisfac-
tion with children's shape and the risk of wast-
ing/overweight-obesity after adjusting for 
potential confounders such as age and sex. 
SPSS software version 16.0 (SPSS, Chicago, 
USA) and R programming language (version 
3.0.2) were used to analyze data. 

The study was approved by the Medical 
Ethics Council of the Institute of Nutrition with 
Decision no. 343/VDD-QLKH on July 27, 
2018. The parents or guardians of all children 
were clearly explained the purposes of the study 
and the written informed consent form was 
signed by them. All data were kept confidential 
and were used for research purposes only. 
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Figure 1. Body image scale from 1–9 for girls (a) and boys (b), according to nutritional status:  
scale 1 – severe wasting; 2 – wasting; 3, 4, 5, 6 – normal; 7, 8 – overweight; 9 – obesity 

T a b l e  1  
Characteristics of participants 

Characteristics N (%) / Mean ± SD 
(N = 15,486) 

Boys (%) 8136 (52.5) 
Age (months) 46.9 ± 12.5 
Height (cm) 98.5 ± 9.7 
Z-score height/age -0.8 ± 1.1 
Weight (kg) 29 ± 15.1 
Z-score weight/age -0.5 ± 1.1 
BMI (kg/m2) 15.5 ± 1.7 
Z-score BMI/age 0.0 ± 1.1 
Z-score weight/height -0.1 ± 1.0 
Nutrition status: 
- Severe malnutrition 
- Mild / moderate malnutrition 
- Normal 
- Overweight 
- Obesity 

 
0.6 % 
2.5 % 
85.3 % 
7.1 % 
4.5 % 

Living area: 
- Urban (Hoankiem District) 
- Suburban (Donganh and 
HoangMai Districts) 

 
34.7 % 
65.3 % 

N o t e : BMI, body mass index; data were given 
by the mean ± SD or %. 

 
Results and discussion. The characteris-

tics of subjects are shown in Table 1. 
In the group of preschool children par-

ticipating in the study, the predominant group 
of children was boys, which is consistent with 

the sex disparity in the Vietnamese commu-
nity. This group of children had Z-scores 
close to zero, especially the z-score BMI/age 
and z-score height/weight/age. This could be 
explained by both a large enough sample size 
as well as the normal distribution of analyzed 
variables as the majority (more than 85 %) of 
children had normal nutritional status. About 
two-thirds of the children participating in the 
study lived in suburban areas and one-third of 
the children lived in the urban district. 

Parental dissatisfaction in groups of 
children with different nutritional status. The 
prevalence of parental dissatisfaction with 
the child's weight and shape is shown in  
Figure 2. Out of a total of 15,483 question-
naire sheets distributed, 89.8 % had answers 
to the related questions provided by a par-
ents or legal representative. As a result,  
a difference was revealed in the percentage 
of parents who were not satisfied with a 
child’s weight and shape depending on the 
actual nutritional status of children. The per-
centage of parents who were not satisfied 
with their child's weight was the highest in 
the group of malnourished children (90.2 %), 
followed by the obese group (69.2 %). The 
shares of parents not satisfied with their 
child’s weight were close in the normal nu-
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tritional status group and the overweight 
group, at 35.2 % and 37.2 %, respectively, 
and they were approximately 2 times lower 
than in the obese group. When assessing the 
dissatisfaction of parents about the child's 
shape, the results showed that the highest 
rate of dissatisfaction with the child's ap-
pearance was still in the malnourished group 
(86.8 %), the second was the group of chil-
dren with obesity (60.4 %), but the lowest 
rate of dissatisfaction was identified among 
overweight children (28 %). 

 
a 

 
b 

Figure 2. Parental dissatisfaction with the  
weight (a) and shape (b) of children  

with different nutritional status 

When comparing two groups of malnour-
ished and over-nourished children (including 
overweight and obese children), the results 
showed that the prevalence of parental dissat-
isfaction with the shape and weight of chil-
dren in the undernourished and over-
nourished groups was 45.7, 64.6 % and 25.1, 
27.8 %, respectively. The percentage of par-
ents who were not satisfied in the over-
nutrition group was 2–2.5 times lower than in 
the undernourished group, this difference was 
statistically significant with p < 0.001. In par-
ticular, the results obtained by comparing the 

children with severely malnourished group 
and the obese group showed that the preva-
lence of parental dissatisfaction with the 
child’s weight and shape in malnourished 
children group was about 1.5 times higher 
than in the obese group, and about 3.5 times 
higher in the group of overweight children, 
with p = 0.034. 

Parental perception of children’s nutri-
tional status and the shape. Out of the total 
number of answer sheets collected, 13,039 
(84.2 %) filled out by parents or legal repre-
sentatives provided answers to questions re-
lated to the parental perception of nutritional 
status and shape of children. The results 
showed that 14.7 % of parents believed that 
only being overweight or obese was not good 
for health (group 1); 24.2 % of parents be-
lieved that only malnutrition was not good for 
health (group 2), and only 61.1 % of parents 
perceived that both malnutrition and over-
weight/obesity were not good for children's 
health (group 3). Univariate regression analy-
sis found a relationship between parental 
knowledge and the nutritional status of chil-
dren. In detail, if parents were in group 1, 
their child was 1.8 times more likely to be 
malnourished and if parents were in group 2, 
their child was 2.7 times more likely to be 
overweight or obese compared to children 
with parents in group 3. 

A survey of parents' perception based on 
the shape that represented the healthiest 
child was carried out relying on the provided 
scale and the results are given in Figure 3. 
They show what shape was believed the 
healthiest according to parents’ opinion. 
Scale 5 was selected by only about one-third 
of participated parents, while about one-third 
of parents believed that scale 6 and 7 were 
the healthiest shapes – although these shapes 
illustrated a slightly excessive weight. 

Related factors and parental perception 
about children’s shape. Of the total question-
naire sheet received, 22.2 % without full re-
lated necessary information filled out by par-
ents or legal representatives were excluded 
from the analysis. Analysis of the relationship  
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Figure 3. Parents’ perception of the healthiest child’s 

shape based on the provided scale (Figure 1) 

between the correct perception of the healthiest 
body shape of the child and the parents' dissat-
isfaction with the child's weight showed that 
there was no relationship between the factors  
(p > 0.05). However, a relationship with paren-
tal dissatisfaction with the child's body shape 
was found (p = 0.016). Therefore, our next task 
was to find out the association between some 
factors and parents' correct perception of chil-
dren’s healthiest shape. Parental perception of 
the scale 5 as healthiest shape was accounted as 
the right opinion (case group) while other scales 
chosen were estimated as misperception about 
the shape of children (control group). Several 
related factors were studied and the results are 
illustrated in Table 2. 

If a child lived in suburban areas, the pa-
rental perception about the healthiest shape 
was 22.5 % higher compared with a child liv-
ing in urban areas. Child’s sex was also re-

lated to parents' correct perception of a child's 
shape. Parents of girls were 1.2 times more 
frequently correct about the healthiest shape 
than parents of boys. The nutritional status of 
children was an important factor related to 
parents' judgments about the healthiest body 
shape of a child. Specifically, for malnour-
ished children, the rate of correct parental 
perception was 54 % lower and 66 % lower 
for overweight and obese children than in the 
group of children with the normal nutritional 
status. Parents' dissatisfaction with the child's 
weight was not related to parents' correct per-
ception of the healthiest body shape of chil-
dren but parental satisfaction with the child's 
body shape decreased the correct perception 
of the healthy body shape children by 12.3 % 
compared to the group of unsatisfied parents. 
This difference was statistically significant 
with p = 0.016. 

The total number of children and parents 
participating in the study was large, that is, 
our sample can be considered large as well. 
The research subjects were chosen from dif-
ferent living areas in Hanoi and the sampling 
relied on selecting each kindergarten ran-
domly to ensure the accuracy of this popula-
tion-based study. The results also showed that 
the proportion of boys and girls was relatively 
uniform and the nutritional status of children 
had a relatively standard distribution since the

T a b l e  2  
The relationship between some factors and parents' correct perception of the child’s healthiest shape 

95 % CI Related factors OR 
Higher Lower 

p 

Urban 1  Living area 
Suburban 1.225 1.140 1.316 

< 0.001 

Male 1  Child’s sex 
Female 1.224 1.048 1.205 

0.001 

Normal 1   
Malnutrition 0.540 0.449 0.649 < 0.001 Child’s nutritional status 
Over-nutrition 0.660 0.559 0.732 < 0.001 
yes 1  Parental dissatisfaction with the 

child’s weight no 1.031 0.933 1.141 
0.547 

yes 1  Parental dissatisfaction with the 
child’s shape no 0.877 0.789 0.976 

0.016 

N o t e : p-value were calculated by using logistic regression. 
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majority children had the normal nutritional 
status (85.3 %). However, the percentage of 
children with overweight and obesity tended 
to be higher than the rate of children with se-
vere malnutrition and moderate malnutrition, 
this prevalence was respectively 7.1 and 4.5 % 
in compared with 0.6 and 2.5 %. The trend of 
double nutritional burden is being observed in 
low- and middle-income countries such as 
Indonesia, Asian and sub-Saharan Countries 
[10, 11]. 

Parents' dissatisfaction with children's 
weight and shape was the highest in the group 
of malnourished children with specific fre-
quencies of 90.2 and 86.8 %. This rate was 
69.2 and 60.4 % lower in obese children. The 
majority of Brazilian mothers who brought 
their children to the primary health care facil-
ity participating in the study by L.S. Duarte et 
al. also expressed dissatisfaction with their 
toddler's body size [12]. Even in the group of 
children with the normal nutritional status, 
about a third of their parents were dissatisfied 
with their shape and weight. The rate of dis-
satisfaction with the shape and weight of 
children in the undernourished group was 2 to 
2.5 times higher than the rate of dissatisfac-
tion in the over-nutrition group (p < 0.001). 
Thus, it is clear that parents were most con-
cerned if their child was in malnourished 
group, which is understandable given that 
parents were educated about the short-term 
consequences such as increased morbidity 
and mortality, growth retardation and likely 
cognitive impairment as well as long-term 
consequences of stunting, poorer immunity 
and disability [13]. 

Study of parental perception about the 
healthiest scale of body shape yielded some 
variable results. The rate of correct percep-
tion only accounted for about one-third of 
the parents participating in the study. The 
findings also revealed that parental percep-
tion of a healthy body shape varied across 
different weight categories. Interestingly, 
parents perceived a slightly overweight 
shape as the healthiest, whereas a normal 
shape was associated with a lower perception 

of health. More than one third of the group 
of parents participating in the study (35.1 %) 
think that the strongest shape of the child 
belongs to the shape 6–7, although this is a 
body of a child who is slightly overweight. 
Thus, the problem of parental misperception 
tends to increase the rate of overweight right 
from the age of children under 5 years old. 
This is similar to the comment of Ashraf et 
al. [6]. When examining 305 children and 
their parents, it also revealed a significant 
difference between the actual weight of chil-
dren and the problem of parents' perceptions, 
the case of overweight and obese children 
was associated with increased rate of parents' 
incorrect perception. 

When examining the issues related to pa-
rental incorrect perception about the child's 
body shape, we found a relationship between 
the living area as well as the child's sex. The 
percentage of parents correctly assessing the 
child's body shape was lower among children 
living in the urban area than among children 
living in the suburbs; also, the correct percep-
tion of parents about the child’s body shape 
was about 1.2 times higher among girls than 
among boys. This difference may help partly 
explain the reason why the proportion of 
overweight and obese children in urban areas 
is always higher than in suburban areas, as 
well as a higher proportion of overweight and 
obese boys than girls [14]. This situation is 
not only encountered in Vietnam but also in 
China, where, as it was revealed in a national 
survey, the difference in the perception of 
overweight and obesity was related to sex 
thereby promoting the difference in the nutri-
tional behavior of children. According to the 
survey, there were differences associated with 
consuming fried food and sugar-sweetened 
drinks by two sexes, the consumption being 
much higher among boys both in urban and in 
rural living areas [15]. Another study on His-
panic mothers with overweight children 
showed that they might not realize their chil-
dren were overweight, and as a result the 
nursing intervention was ineffective. So, in-
tervention programs should primarily stimu-
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late changes in cultural and social beliefs and 
provide health education for mothers in order 
to reduce the prevalence of overweight and 
obesity in children [16]. 

Misperception about the healthiest body 
shape of children might be closely related to 
the actual nutritional status of children. If a 
child was in the malnourished group, the rate 
of parents' correct perception decreased to 
54 % and it was 66 % for a child in the over-
nutrition group. This difference is statistically 
significant with p < 0.001. Similar to our 
study, a systematic review by Francescatto et 
al. also showed a correlation between mothers' 
assessment of their child's overweight status; 
the share of mothers who underestimated their 
child’s actual nutritional status and inade-
quately perceived it was still relatively high 
and in the group of overweight or obesity chil-
dren [17]. 

Next, when analyzing the relationship be-
tween the correct perception of the child's 
healthiest body shape and the parents' dissatis-
faction with the child's weight and shape, we 
did not reveal any relationship between the 
child's weight dissatisfaction and the parental 
perception about the child's weight (p > 0.05) 
but there was a relationship with dissatisfac-
tion with the child's body shape (p = 0.016). It 
could be argued that coding the nutritional 
status of children by body shape scale helps 
parents' perception become closer to the fac-
tual nutritional status. It makes the instrument 
more effective and can be used in intervention 
programs to improve children's nutritional 
status reducing the prevalence of overweight 
and obesity in them. Many charts on the shape 
of children have been developed so far, for ex-
ample, body shape scale developed by Gardner 
et al. or toddler silhouette scale of Hager et al. 
Both scales are used effectively in assessing 
the nutritional status of children [18, 19], for 
example they were applied with success in 
several studies of Pallan et al. [20]. 

Finally, the study found a significant asso-
ciation between parental knowledge and their 
child's nutritional status. Children born in fami-
lies with parents in group 2 who judged only 

malnutrition as bad health status were 2.7 times 
more likely to be overweight or obese, while 
those born in families with parents in group 1 
judging only over-nutrition as bad health status 
were 1.8 times more likely to be malnourished 
in comparison to children in families with cor-
rect judgment both malnutrition and over-
nutrition as bad health status (group 3). This 
indicates that parental perception might influ-
ence their child's nutritional status, and high-
lights the importance of providing parents with 
accurate information about the health risks as-
sociated with different weight categories. 

The present study aimed to investigate 
the relationship between parental dissatisfac-
tion with their child's shape and the nutri-
tional status of Vietnamese preschool chil-
dren. The results showed that the majority of 
parents in the malnourished group were dis-
satisfied with their child's weight and shape, 
followed by the obese group. In contrast, par-
ents of normal weight and overweight chil-
dren as a rule showed relatively lower levels 
of dissatisfaction. 

Conclusions. In conclusion, we’d like to 
point out that the present study provides valu-
able insights into the relationship between pa-
rental perception and their child's nutritional 
status. The findings suggest that efforts are 
needed to educate parents about the health 
risks associated with different weight catego-
ries and promote more comprehensive under-
standing of the factors that contribute to their 
child's nutritional status. 

This population-based study in Vietnam-
ese preschool children highlights the relation-
ship between parental dissatisfaction with their 
child's weight and shape and the child's nutri-
tional status. The study found that parents in 
the malnourished and obese groups were more 
likely to be dissatisfied with their child's 
weight and shape than parents in the normal 
and overweight groups. Additionally, incorrect 
judgment of parents about a healthy weight 
might increase the risk of being malnourished 
or overweight/obesity for their children. 

Our findings have important implications 
for public health interventions aimed at im-
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proving the nutritional status of children. It is 
assumed that addressing parental perception 
and satisfaction with their child's weight and 
shape may be an important component of such 
interventions. Furthermore, public health mes-
sages should emphasize the importance of a 
balanced and healthy diet and promote aware-
ness of the risks associated with both malnutri-
tion and overweight/obesity. Finally, our study 

highlights the need for continued monitoring 
and research on the nutritional status of chil-
dren in Vietnam to ensure the development 
and implementation of effective interventions. 
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High work intensity (HWI) can occur in various occupational groups and induce health disorders, which means occu-

pational health risk (OHR) assessment is necessary.  
This article describes methodical approaches to assessing OHR caused by HWI with a possibility to examine contribu-

tions made by its specific components and transition to personified risk assessment.  
The suggested approaches to assessing OHR caused by HWI include subjective assessment of the factor and health 

self-assessment. They allow identifying additional likelihood of health disorders and performing further risk assessment 
when exposure to HWI grows by one unit as per separate HWI indicators describing its specific components. Personified risk 
assessment involves using a template created for specific HWI components (intellectual, sensory, or emotional loads; work 
monotony; work regime).  

The approaches were tested on workers with mostly mental work (n = 137, respondents’ mean age was 43.9 ± 8.01 years; 
mean work records were 14.5 ± 3.7 years). Calculated data of personified levels of the integral health risk were used to rank 
likely health outcomes as per their priority. Mental disorders and diseases involving elevated blood pressure were established to 
correspond to ‘high’ health risk. Myopia, strained headache, atherosclerosis of peripheral vessels, and chronic laryngitis corre-
sponded to ‘medium’ risk. Certain disorders involving the immune mechanism, tinnitus, ischemic heart disease, and atheroscle-
rosis of coronary vessels as well as stomach and duodenum ulcer corresponded to ‘moderate’ risk.  

Detailed HWI assessment made it possible to identify its leading components; the shares of sensory and emotional 
loads in the integral health risk reached 29.0 ± 2.4 and 25.9 ± 3.9 % accordingly (р = 0.37). It is advisable to use these find-
ings for creating personified activities aimed at OHR mitigation. 

Keywords: risk assessment, health risk, occupational risk, work-related factors, work intensity, health disorder, per-
sonified assessment, methodical approaches.  
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High work intensity (HWI) is a factor that 
describes working conditions for employed 
population. According to official statistics, the 
share of workers exposed to HWI in their 
workplaces amounted to 3.7 % in 2022; this 
level declined by 5.6 times over 10 years1. At 
the same time, various occupational groups 
now tend to face growing informational loads 
that make for the development of adverse 
health outcomes [1]. Furthermore, experts 
have revealed that HWI assessment can pose 
certain challenges in the study where aircraft 
pilots were used as an example of an occupa-
tion ranked among priority ones as per work 
intensity both according to official statistics 
and research data [2]. These challenges can 
influence results of assessment of working 
conditions making them less informative 
[3, 4]. Physiological costs of workloads can 
lead to health disorders in a situation when 
available functional reserves have come to an 
end [5]. High work intensity primarily induces 
development of cardiovascular diseases and 
mental disorders (burnout syndrome and anxi-
ety and depression disorders) [6–8]. 

In accordance with the sanitary legisla-
tion, an employer is obliged to perform pro-
phylaxis activities to prevent occupational and 
work-related diseases in workers2. To make 
implemented activities the most effective, it is 
advisable to provide them with solid substan-
tiation relying on health risk assessment. The 
methodology for assessing occupational risk 
(OR) caused by occupational diseases (ODs) 
and work-related diseases (WRDs), its accept-
able level taken into account, is the most inter-
esting tool for health harm assessment and 
subsequent development of recommendations 
on management decisions aimed at OR mitiga-
tion [9]. 

Previously, we suggested some methodi-
cal approaches that allow actual quantification 
of health risks caused by HWI including iden-
tification of roles (contributions) made by spe-
cific types of workloads (intellectual, sensory, 
emotional, monotony, or work regime) [10]. 
However, they rely on epidemiological criteria 
and are limited by group risk identification. 

In this study, our aim was to develop 
methodical approaches to assessing occupa-
tional risks associated with high work inten-
sity; this would make it possible to perform 
personified health risk assessment considering 
all the components of work intensity. 

Materials and methods. Approaches to 
OR assessment were substantiated by analyzing 
and generalizing published articles and regula-
tory and methodical documents with data on 
HWI assessment practices, OR assessment, as 
well as HWI effects on health. 

To assess OR for health, we relied on us-
ing data that described both HWI, the factor 
itself, and workers’ health (both being the in-
tegral parts of posterior (quantitative) OR as-
sessment). A social survey was considered an 
acceptable research tool and therefore we de-
veloped a questionnaire that provided informa-
tion about objective facts and workers’ subjec-
tive evaluations of various aspects of work in-
tensity in their workplaces, on the one hand, 
and workers’ health, on the other hand. When 
developing this questionnaire about HWI, we 
relied on indicators included into the Guide 
R 2.2.2006-053. The HWI assessment method-
ology involves using matrices that combine 
interrelated indicators as per specific intensity 
components and are adapted to peculiarities of 
assessing these components. The suggested 
levels have six categories: ‘optimal’, ‘permis-
sible’, ‘harmful, hazard category 1’,  ‘harmful,  

__________________________ 
 
1 Usloviya truda [Working conditions]. The Federal State Statistics Service. Available at: https://rosstat.gov.ru/ 

working_conditions (August 01, 2023) (in Russian). 
2 O sanitarno-epidemiologicheskom blagopoluchii naseleniya: Federal'nyi zakon ot 30.03.1999 № 52-FZ (s izm. i dop.) 

[On sanitary-epidemiological wellbeing of the population: The Federal Law issued on March 30, 1999 no. 52-FZ (with amend-
ments and addenda)]. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_22481/ (August 01, 
2023) (in Russian). 

3 The Guide R 2.2.2006-05. Guide on Hygienic Assessment of Factors of Working Environment and Work Load. Criteria 
and Classification of Working Conditions; approved by G.G. Onishchenko, the RF Chief Sanitary Inspector on July 29, 2005, 
came into force on November 01, 2005. KODEKS: electronic fund for legal and reference documentation. Available at:  
https://docs.cntd.ru/document/1200040973 (August 01, 2023) (in Russian). 
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Figure 1. The matrix for assessing intensity levels (exemplified by sensory loads as a specific intensity 
component): yellow is ‘optimal’ level; orange, ‘permissible’; pink, ‘harmful, hazard category 1’; brown, 

‘harmful, hazard category 2’; red, ‘harmful, hazard category 3’ 

hazard category 2’, ‘harmful, hazard category 
3’, and ‘harmful, hazard category 4’. Integral 
assessment of working conditions is performed 
for the limiting type of intensity. Figure 1 pro-
vides an example of an illustrated matrix for 
qualitative assessment of sensory loads. The 
relevant categories are identified depending on 
a combination of duration of loads on the vo-
cal apparatus (Х), visual (Y), and auditory sys-
tems (Z). 

When developing the questionnaire about 
health, we used a list of likely diseases caused 
by HWI that was created based on relevant 
literature sources and published in a study by 
V.B. Alekseev and others [10]. Likely dis-
eases were established as per workers’ com-
plaints and their correspondence with diagno-
ses enlisted in the ICD-10. To achieve that, a 
team of expert physicians supervised by 
O.Yu. Ustinova, Deputy Director for Health-
care Services, created a matrix that was ap-
plied to identify a disease likely caused by 
HWI. The methodology, which was used to 
create the disease identification matrix, had 
the following stages: 

 stage 1 at which expert evaluations 
were collected. First, we created a list of 
medical specialties that would be necessary to 
make a list of symptoms (complaints) de-
scribing likely health disorders caused by 
HWI. Totally, 11 healthcare workers took 
part in expert evaluation including neurolo-
gists (2 experts), ENT specialists (2 experts), 
gastroenterologists (2 experts), therapists 
(2 experts), oculist (1 expert), cardiologist 
(1 expert), and allergologist (1 expert). Each 

expert made a list of symptoms (complaints), 
which, in their opinion, described suggested 
likely diseases caused by HWI. 

 stage 2 involved analysis of expert 
evaluations. The whole set of suggested 
symptoms was analyzed and systematized at 
this stage. 

 stage 3 involved ranking symptoms 
(complaints). All the symptoms (complaints) 
were ranked considering their frequency under 
relevant suggested likely diseases: 1 meant a 
symptom belonged to basic manifestations of a 
certain pathological process and always oc-
curred under it; 2 meant additional symptoms 
of a disease that would occur in a half of cases 
when a disease manifested itself clinically; 
3 meant a symptom was rare and occurred in 
1/3 or a lower share of cases when a disease 
manifested itself clinically. 

The questions in the survey were based on 
the developed matrix (61 question overall). 
Each question involved respondents’ evalua-
tion of occurrence / presence of a specific 
symptom as well as its frequency. The follow-
ing categories of symptom frequency (intensity) 
were suggested: rarely or once per 6 months; 
frequently, once every 2–3 months; constantly, 
each month or even more frequently. A likely 
negative outcome would be fixed in case a half 
of symptoms describing a specific disease 
were present (that is, a disease is established 
with 50 % likelihood).  

The very determination whether negative 
health outcomes caused by HWI (or by its spe-
cific components) were likely was performed 
by using a template for data analysis created in 

Х  Y 

Z 

Х 

Z 

Y  Х 
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MS Excel. The template for data analysis con-
sidered the following events: A meant a re-
spondent mentioned presence of a given symp-
tom and HWI was not higher than a certain 
threshold level as per each category; B, a re-
spondent did not mention presence of a given 
symptom and HWI was not higher than a cer-
tain threshold level as per each category; C, a 
respondent mentioned presence of a given 
symptom and HWI was higher than a certain 
threshold level as per each category (work in-
tensity); D, a respondent did not mention pres-
ence of a given symptom and HWI was higher 
than a certain threshold level as per each cate-
gory. The events A and B may happen with 
certain likelihood p; the events C and D, with 
likelihood  q = 1 – p . Likelihood of an event р 
belongs within 0 to 1: P  [0, 1].The number 
of favorable outcomes is  М  [0, N] where N 
is the number of respondents. 

If x = the number of positive answers,  
n = the number of tests and p = is likelihood of 
positive answers, then the integral binomial 
distribution is given as follows (formula 1): 

 P (x) = 
1

( )i i
i

x p x

 .  (1) 

Quantitative risk assessment should con-
sider additional likelihood of a negative re-
sponse (disease) and its severity. The principle 
formula (2) is applied to calculate the risk 
level: 

 R = Padd. ij · Gi,  (2) 

where Padd ij  is additional likelihood of the i-th 
negative response caused by the j-th intensity 
component (intellectual, emotional or sensory 
load, work monotony, work regime), Gi is se-
verity of the i-th negative response. Severity of 
specific health outcomes (diseases) is deter-
mined considering the coefficient values rec-
ommended by the WHO [11, 12]. 

The resulting values are used to calculate 
the integral risk associated with different HWI 
components (formula 3): 

Rint = 1 – (1 – RIL)·(1 – RSL)·(1 – REL)· 
 · (1 – RWM)·(1 – RWR),  (3) 

where 
RIL is the level of risk associated with in-

tellectual loads; 
RSL is the level of risk associated with 

sensory loads; 
REL is the level of risk associated with 

emotional loads; 
RWM is the level of risk associated with 

work monotony; 
RWR is the level of risk associated with 

work regime. 
Risk levels are described considering the 

criteria suggested in the work by N.V. Zait-
seva [13]. Negligible and low ORs are consid-
ered acceptable (permissible). 

The suggested approaches were tested on 
the example of workers with predominantly 
mental work (healthcare workers, researchers, 
teachers, and office clerks). The ultimate sam-
ple included 137 people considering com-
pleteness and correctness of their answers to 
the questionnaire, 77 % of them were females. 
The respondents’ mean age was 43.9 ± 8.01 
years; work records, 14.5 ± 3.7 years. The sur-
vey was anonymous and implemented by us-
ing Questionstar4, expert online survey and 
test constructor. The research was accom-
plished between August 2022 and April 2023.  

The results were statistically analyzed in 
Microsoft Office 2010 and Statistica 10.0 ap-
plied licensed software packages. We used 
Kruskal – Wallis non-parametric H-test to 
evaluate significance of differences between 
several independent groups and the Newman – 
Keuls (NK) procedure for subsequent pairwise 
comparison. The statistical significance was 
taken at р ≤ 0.05. 

Results and discussion. The suggested 
methodical approaches to personified assess-
ment of risks caused by HWI are provided in 
Figure 2. 

__________________________ 
 
4 QUESTIONSTAR: expert online survey and test constructor. Available at: https://www.questionstar.com/ (April 10, 2023). 
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Figure 2. Personified assessment of health risks caused by HWI  

The list of identified likely adverse 
health outcomes, manifested both as ODs 
and WRDs, was created based on research 
literature and published in the work by V.B. 
Alekseev [10]. At the exposure stage, use of 
the developed questionnaire when answering 
an online survey makes it possible to accu-
mulate a database with data on an analyzed 
sample and feed in new data into it upon 
their occurrence. 

At the stage when ‘exposure – response’ 
relationships are analyzed, it is advisable to 
use probabilistic methods to identify likely 
health outcomes (prevalence of diseases 
symptoms). This allows calculating additional 
likelihood of responses when an exposure to 
HWI as per specific indicators describing its 
specific components grows by one. Overall, 
we considered 19 indicators: 5 described the 
intellectual component; 5, the sensory com-

ponent; 5, the emotional component; 1, work 
monotony, 3, work regime. Such an approach 
is preferable since the known threshold values 
established by the Guide R 2.2.2006-055 have 
not changed since their first publication in the 
first version of the Guide (R 2.2.013-94) [2] 
and their use can fail to reveal the already ex-
isting health disorders caused by an analyzed 
factor.  

At the stage involving risk characteriza-
tion, the basic task is to establish risk levels 
associated with levels of exposure to specific 
HWI components for a specific health out-
come and to integrate them. These data are 
then used as a template when a personified risk 
level is calculated. 

When testing the suggested approaches, 
we identified personified risk levels for work-
ers with predominantly mental work. Likely 
negative health outcomes included myopia 

__________________________ 
 
5 The Guide R 2.2.2006-05. Guide on Hygienic Assessment of Factors of Working Environment and Work Load. Criteria 

and Classification of Working Conditions; approved by G.G. Onishchenko, the RF Chief Sanitary Inspector on July 29, 2005, 
came into force on November 01, 2005. KODEKS: electronic fund for legal and reference documentation. Available at:  
https://docs.cntd.ru/document/1200040973 (August 01, 2023) (in Russian). 
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(Н52.1) (ranked as OD6); certain disorders in-
volving the immune mechanism (D80–D89); 
neurotic, stress-related and somatoform disor-
ders: reaction to severe stress, and adjustment 
disorders (F43); other neurotic disorders (neu-
rasthenia) (F48); tension-type headache 
(G44.2); noise effects on inner ear (Н83.3); 
hypertensive diseases (I10–I15); ischaemic 
heart diseases (I20–I25); atherosclerotic heart 
diseases (coronary) (I25.1); diseases of arter-
ies, arterioles and capillaries (atherosclerosis) 
(I70–I79); chronic laryngitis (J37.0); gastric 
and duodenal ulcer (К25–К26). Distribution of 
the respondents as per the integral risk levels is 
given in Table 1. 

Next, we calculated the averaged risk 
level in the analyzed group (the group risk). 
This made it possible to rank likely health out-
comes as per their priority. Thus, risks caused 
by neurotic, stress-related and somatoform 
disorders: reaction to severe stress, and ad-
justment disorders (F43), other neurotic disor-
ders (neurasthenia) (F48) (0.068 ± 0.0031), 
and hypertensive diseases (I10–I15) (0.035 ± 
0.0021) were ranked as ‘high’.  Risks caused 
by myopia (Н52.1) (0.011 ± 0.0005), tension-
type headache (G44.2) (0.010 ± 0.0005), dis-
eases of arteries, arterioles and capillaries 
(atherosclerosis) (I70–I79) (0.011 ± 0.0007), 
and chronic laryngitis (J37.0) (0.0102 ± 
0.0005) were ranked as medium. Risks caused 
by certain disorders involving the immune 
mechanism (D80–D89) (0.0016 ± 0.0002), 
noise effects on inner ear (Н83.3) (0.004 ± 
0.0002), ischaemic heart diseases (I20–I25) 
(0.002 ± 0.0004), atherosclerotic heart disease 
(coronary) (I25.1) (0.0015 ± 0.0002), and gas-
tric and duodenal ulcer (К25–К26) (0.009 ± 
0.0005) were ranked as ‘moderate’. 

Sensory and emotional loads make the 
greatest contribution to the integral risk of 
negative health outcomes; their shares are 
29.0 ± 2.4 and 25.9 ± 3.9 % accordingly  
(р = 0.37). We revealed certain peculiarities 

for various health outcomes when examining 
the structure of contributions made by specific 
HWI components (Table 2).  

In particular, likely coronary artery dis-
ease is primarily caused by sensory loads 
(44.8 ± 4.0 %, р ≤ 0.05) as well as work mo-
notony (25.1 ± 3.6 %), and work regime (24.0 ± 
3.4 %); ischaemic heart disease, by sensory 
loads (42.4 ± 4.1 %) and work regime (32.8 ± 
3.9 %); certain disorders involving the im-
mune mechanism, by sensory loads (35.7 ± 
3.7 %), work regime (26.2 ± 3.2 %), and work 
monotony (20.6 ± 3.2 %, р ≤ 0.05). 

These findings that determine the leading 
HWI components are consistent with the well-
known regularities. Prevalence of nervous and 
cardiovascular diseases among workers deal-
ing with different types of mental work has 
been analyzed in research literature in detail. 
These analyses give evidence of intense men-
tal work being unable to produce adverse ef-
fects on the body unless it involves another 
stressor factor associated with negative emo-
tional loads [14]. Therefore, it is advisable to 
consider a substantial contribution made by the 
emotional component primarily in assessment 
of working conditions as well as when devel-
oping activities aimed at prevention of work-
related diseases. 

Likely development of various health dis-
orders can be directly induced by HWI influ-
ence (its priority components) or mediated by 
development of other unrelated disorders. Lit-
erature also provides some data on higher risks 
of mental disorders, a priority negative health 
outcome for the analyzed sample, under expo-
sure to HWI. Correlations between psy-
choemotional factors in the occupational envi-
ronment and emotional burnout and anxiety 
and depression disorders have also been re-
ported in research articles [8]. In their turn, 
such states can be a trigger of developing car-
diovascular diseases (CVDs) including essen-
tial hypertension, atherosclerosis, ischaemic 

 
__________________________ 
 
6 Ob utverzhdenii perechnya professional'nykh zabolevanii: Prikaz Minzdravsotsrazvitiya Rossii ot 27.04.2012 № 417n 

[On approval of the list of occupational diseases: The Order by the RF Ministry of Health and Social Development dated April 
27, 2012 no. 417n]. KODEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/docu-
ment/902346847 (August 01, 2023) (in Russian). 
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T a b l e  1  
Distribution of workers with predominantly mental work as per the levels of their personified 

integral health risks, abs. (%) 
Risk level and category 

Likely health outcome 0–0.001 
Negligible 

0.0001–0.001 
Low 

0.001–0.01
Moderate 

0.01–0.03
Medium 

0.03–0.1 
High 

0.1–0.3 
Very high 

0.3–1 
Extremely 

high 
Hypertensive diseases (I10–I15) 0 0 14 (10.2) 57 (41.6) 63 (46.0) 3 (2.2) 0 
Tension-type headache (G44.2) 0 0 74 (54.0) 62 (45.3) 1 (0.7) 0 0 
Myopia (Н52.1) 0 0 71 (51.8) 65 (47.4) 1 (0.7) 0 0 
Noise effects on inner ear (Н83.3) 0 3 (2.2) 129 (94.2) 5 (3.6) 0 0 0 
Chronic laryngitis (J37.0) 0 1 (0.7) 75 (54.7) 60 (43.8) 1 (0.7) 0 0 
Neurotic, stress-related and 
somatoform disorders: reaction to 
severe stress, and adjustment dis-
orders (F43); other neurotic disor-
ders (neurasthenia) (F48) 

0 0 1 (0.7) 15 (10.9) 100 (73) 21 (15.3) 0 

Gastric and duodenal ulcer  
(К25–К26). 0 0 79 (57.7) 57 (41.6) 1 (0.7) 0 0 

Diseases of arteries, arterioles 
and capillaries (atherosclerosis)  
(I70–I79) 

0 2 (1.5) 73 (53.5) 58 (42.3) 4 (2.9) 0 0 

Atherosclerotic heart disease 
(coronary) (I25.1) 87 (63.5) 11 (8.0) 37 (27.0) 2 (1.5) 0 0 0 

Ischaemic heart diseases (I20–I25) 98 (71.5) 7 (5.1) 21 (15.3) 10 (7.3) 1 (0.7) 0 0 
Certain disorders involving the 
immune mechanism (D80–D89) 51 (37.2) 36 (26.3) 48 (35.0) 2 (1.5) 0 0 0 

T a b l e  2  
The structure of contributions made by specific HWI components into the integral risk level, % 

HWI components 
Likely health outcome Intellectual 

loads 
Sensory 

loads 
Emotional 

loads 
Work  

monotony 
Work  
regime 

Hypertensive diseases (I10–I15) 11.8 ± 1.2 25.0 ± 1.9 34.4 ± 2.1 11.5 ± 1.7 17.3 ± 1.9 
Tension-type headache (G44.2) 16.1 ± 0.9 24.6 ± 1.6 32.4 ± 1.4 11.2 ± 1.3 15.7 ± 1.5 
Myopia (Н52.1) 16.9 ± 0.9 24.3 ± 1.5 32.0 ± 1.4 11.3 ± 1.3 15.5 ± 1.4 
Noise effects on inner ear (Н83.3) 20.1 ± 1.2 24.0 ± 1.7 35.8 ± 1.7 4.2 ± 0.8 15.9 ± 1.4 
Chronic laryngitis (J37.0) 14.1 ± 1.0 24.7 ± 1.7 33.2 ± 1.6 11.7 ± 1.5 16.4 ± 1.6 
Neurotic, stress-related and somatoform disorders: 
reaction to severe stress, and adjustment disorders 
(F43); other neurotic disorders (neurasthenia) (F48) 

16.4 ± 0.9 24.5 ± 1.5 32.2 ± 1.4 11.3 ± 1.3 15.6 ± 1.4 

Gastric and duodenal ulcer (К25–К26) 15.2 ± 1.0 24.5 ± 1.6 32.8 ± 1.5 11.5 ± 1.4 16.0 ± 1.5 
Diseases of arteries, arterioles and capillaries 
(atherosclerosis) (I70–I79) 12.3 ± 1.1 24.9 ± 1.9 34.3 ± 1.9 11.7 ± 1.6 16.7 ± 1.8 

Atherosclerotic heart disease (coronary) (I25.1) 0.0 44.8 ± 4.0 6.2 ± 1.9 25.1 ± 3.6 24.0 ± 3.4 
Ischaemic heart diseases (I20–I25) 0.0 42.4 ± 4.1 8.3 ± 2.2 16.5 ± 3.1 32.8 ± 3.9 
Certain disorders involving the immune mechanism 
(D80–D89) 14.1 ± 2.6 35.7 ± 3.7 3.4 ± 1.4 20.6 ± 3.2 26.2 ± 3.2 

On average  12.5 ± 2.0*× 29.0 ± 2.4* 25.9 ± 3.9×○ 13.3 ± 1.7*○ 19.3 ± 1.7* 

Note: * × ○ is the significance level р ≤ 0.05 between the relevant HWI components. 
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heart disease, and arrhythmia; they create 
elevated risks of sudden cardiac death. It is 
still unclear, though, how negative cardiovas-
cular events are related to adverse mental ex-
posures. Experts assume some changes in the 
functioning of the hypothalamic-pituitary-
adrenal axis (HPA) as a key element of the 
neuroendocrine regulation involving growing 
levels of cortisol and catecholamines (adrena-
lin and noradrenalin). In addition, there might 
be disrupted ratios of lipids circulating in 
blood; thrombocytes dysfunction; vascular 
walls inflammation [15–18]. Hypokinesia also 
plays an important role in CVD development 
[19]; it can be evidenced by such HWI com-
ponents as work monotony as well as sensory 
loads and work regime. Since indicators that 
describe these HWI components involved as-
sessing time periods when relevant mental 
work was being done, they consequently were 
eligible to assess how well workers were able 
to maintain their working state under limited 
motor activity.  

Mental disorders can cause negative out-
comes for physical health, developing head-
aches, diseases of the gastrointestinal attract, 
and respiratory diseases [19, 20]. 

It is noteworthy that the suggested ap-
proaches to risk assessment have some uncer-
tainties. To be more exact, they rely on using a 
survey for assessing exposure to identify a 
likely disease as per a set of symptoms de-
scribing a certain health disorder; this may 
yield some overestimated results. However, 
the methodology is quite acceptable since it 

allows identifying certain existing peculiarities 
of ODs onset even prior to using objective 
clinical diagnostic procedures.  

Conclusions. The suggested methodical 
approaches to assessing OHR caused by HWI 
include subjective factor assessment and health 
self-assessment. They allow identifying addi-
tional likelihood of health disorders and per-
forming subsequent risk assessment when ex-
posure to HWI grows by one as per a specific 
indicator describing a specific HWI component.  
This makes it possible to create a template for 
personified health risk assessment. 

The approaches were tested on a group of 
workers with predominantly mental work. As 
a result, we established personified levels of 
the integral health risk, which were then used 
to rank likely negative health outcomes as per 
their priority (mental disorders, diseases of the 
circulatory system, as well as diseases of the 
eye and ear, diseases of the gastrointestinal 
tract, and weaker resistance). Sensory and 
emotional loads were revealed as priority HWI 
components with their contributions to the in-
tegral health risk equaling 29.0 ± 2.4 и 25.9 ± 
3.9 % (р = 0.37) accordingly. 

It is advisable to use these findings for 
creating personified activities aimed at miti-
gating risks caused by occupational and work-
related diseases. 
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SUBJECTIVE ASSESSMENT OF OCCUPATIONAL RISK FACTORS FOR HEALTH 
AND PSYCHOEMOTIONAL STATE OF HEALTH CARE WORKERS UNDER 
CHANGED WORKING CONDITIONS DURING THE COVID-19 PANDEMIC 

K.A. Hutsich, G.E. Kosiachenko, S.I. Sychik, E.A. Nikalayeva, I.V. Madeksha 
Scientific Practical Centre of Hygiene, 8 Akademicheskaya St., Minsk, 220012, Republic of Belarus 
 

 
We accomplished a cross-sectional study using a specifically designed questionnaire. The aim of our study was to ex-

amine subjective assessment of influence exerted on healthcare workers’ health and psychoemotional state by changed work-
ing conditions and use of personal protective equipment during the COVID-19 pandemic. The examined healthcare workers 
were employed at a multi-field re-profiled in-patient hospital. We established a considerable change in the workplace setting 
of healthcare workers in an unfavorable epidemic situation. It involved longer contacts with hazardous biological and 
chemical factors, elevated work hardness and intensity as well as the necessity to use personal protective equipment for a 
long time. 

 Longer use of personal protective equipment when tending COVID-19 patients was associated with higher frequency 
of several variable complaints made by the questioned healthcare workers. Respondents were more likely to report difficulty 
in breathing (p < 0.001) and some discomfort around the face and/or behind the ears (p = 0.035) when wearing a medical face mask / 
respirator; wearing goggles was likely to involve itching, redness and/or maceration in the area where goggles contacted the head   
(p = 0.009), headache (p = 0.002) and discomfort in the area where goggles contacted the head (p < 0.001); healthcare workers who 
wore medical gloves reported itching (p = 0.004) and skin peeling (p < 0.001); use of protective overalls led to elevated sweating  
(p < 0.001), feeling overheated (p < 0.001), thirst (p < 0.001), and palpitation (p = 0.012). A significant proportion of respondents 
experienced some difficulties in using personal protective equipment related to visual and auditory perception of information, physical 
discomfort, putting on and taking off personal protective equipment, performance of work requiring precise movements, and decreased 
work capacity. The frequency of such complaints grew statistically significantly during a period when a healthcare worker had to treat 
COVID-19 patients.  

Keywords: cross-sectional study, survey, COVID-19, pandemic, healthcare workers, occupational health risks, work-
ing conditions, biological factor, personal protective equipment. 
 

 
During the COVID-19 pandemic, health-

care workers and their family members had to 
face considerable health risks. Although health-
care workers account for less than 3 % of the 
population in the overwhelming majority of 
countries worldwide (less than 2 % in almost 
every low- and middle-income country), ap-
proximately 14 % of all COVID-19 cases are 
registered in healthcare workers. This share can 
reach 35 % in some countries [1, 2]. Investiga-

tions accomplished in the Russian Federation, 
European countries and East-Southern Asia 
also give some evidence that in 2020 the 
COVID-19 infection turned out to be the most 
widely spread occupational disease in health-
care workers due to biological factors [3–6]. 

In Belarus, the existing system for manag-
ing occupational health risks, including those 
for healthcare workers, relies on the develop-
ment of complex preventive activities.  They 
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are based on assessment of working conditions 
within evaluation of workplaces as per working 
conditions and complex hygienic assessment of 
working conditions that takes place every 
5 years in accordance with the current legisla-
tion. This system fails to consider possible sub-
stantial temporary changes in working condi-
tions and only involves hygienic assessment of 
occupational factors under a permanent techno-
logical process. When a considerable epidemic 
rise in incidence occurs, the COVID-19 being a 
good example, in-hospital bed reserves are re-
profiled into isolation wards and healthcare 
workers have to work in completely different 
workplace settings during this period. 

The pandemic not only created risks for 
healthcare workers’ physical health but also 
put them under a tremendous mental stress as-
sociated with overwork, abnormal work 
schedules, huge workloads, infection hazards, 
and social stigmatization. Healthcare workers 
all over the world had already had elevated 
risks of suicide even before the pandemic 
started [7, 8]. 

Healthcare provided for patients with res-
piratory diseases able to cause a pandemic al-
ways involves direct health risks associated 
with a biological factor, growing physical loads 
and loads on the nervous system. But in addi-
tion to them, we should also consider risks as-
sociated with the necessity to use personal pro-
tective equipment (PPE) for a long time [9–13]. 

Long-term use of a face mask or respirator 
can induce adverse skin reactions (itching, red-
ness and/or maceration on the face or behind 
the ears) as well as subjective signs of hypoxia 
(labored breath, shortness of breath, and dizzi-
ness) [14–16]. It is noteworthy that wearing a 
face mask for longer than 4 hours a day or re-
using it creates even higher risks of adverse 
skin reactions [14]. Protective goggles and face 
shields can also stimulate occupational derma-
toses, especially in people with more sensitive 
skin and such diseases as seborrheic dermatitis 
and acne in their case history [17]. 

Hand hygiene plays the key role in pre-
venting COVID-19 among healthcare workers. 
However, active use of detergents and disin-
fectants results in longer contacts with chemi-

cals in their composition; these chemicals can 
produce both general toxic effects and local 
irritating ones on hand skin. Long-term use of 
latex gloves can also cause occupational con-
tact dermatitis and eczema [18–20]. 

Therefore, growing burdens on a health-
care system caused by a pandemic spread of 
respiratory infections highlight the relevance of 
preserving healthcare workers’ health and 
working capacity. Under a pandemic, occupa-
tional health risks for healthcare workers grow 
substantially; they are associated with not only 
a possibility to get infected at a workplace but 
also considerable physical, intellectual, sensory 
and emotional loads as well as the necessity to 
use PPE for a long time. All the above stated 
makes it necessary to develop targeted activities 
aimed at preserving both physical and mental 
health of healthcare workers in addition to us-
ing the existing system for managing occupa-
tional health risks in workplace settings.  

In this study, our aim was to examine 
subjective assessment of influence exerted on 
healthcare workers’ health and psychoemo-
tional state by changed working conditions and 
use of personal protective equipment during 
the COVID-19 pandemic. The examined 
healthcare workers were employed at a multi-
field re-profiled in-patient hospital. 

Materials and methods. To achieve our 
aim, we conducted a cross-sectional study using 
a specifically designed questionnaire made of 
40 questions. The questionnaire was filled in by 
95 healthcare workers employed at a multi-field 
in-patient hospital in Minsk, which was re-
profiled to treat COVID-19 patients during the 
pandemic. The hospital has some therapeutic 
divisions (pulmonology, cardiology, gastroen-
terology and rheumatology), injury and ortho-
pedic division and surgical division; gynecol-
ogy and obstetrics division, diagnostic divisions 
(clinical laboratories; x-ray, endoscopic, and 
functional examinations) as well as a municipal 
transfusion center. Prior to filling in the ques-
tionnaire, the respondents gave their consent to 
personal data analysis and were informed of 
their personal data being used only for research 
purposes and with proper adherence to anonym-
ity and confidentiality.  
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The questionnaire covered social and 
demographic characteristics of the respondents 
(age, sex, position, and work records); it in-
cluded questions about any chronic diseases; 
questions about PPE use and any complains as-
sociated with its long use under usual (regular) 
functioning of the in-patient hospital and when it 
was re-profiled to treat COVID-19 patients un-
der an adverse epidemic situation; questions 
about physical loads and work intensity, duration 
of contacts with hazardous biological factors, 
antiseptics and disinfectants when providing 
healthcare for patients under regular conditions 
and under extreme ones during the pandemic; 
questions about COVID-19 in a case history and 
any possible associations between the disease 
and a respondent’s occupation. 

The respondents were offered multiple 
choice questions with respect to any complaints 
about PPE use, physical loads, work intensity, 
use of antiseptics and disinfectants. 

In the questionnaire, ‘usual (regular) func-
tioning’ of the in-patient hospital implied usual 
shift work in accordance with a schedule stipu-
lated in a given division without any specific 
anti-epidemic measures associated with treat-
ing COVID-19 patients. 

The obtained data were statistically ana-
lyzed in Excel and Statistica 13 statistical 
software packages. 

The data analysis involved calculating ab-
solute and relative frequencies. The standard 
error and 95 % confidence interval P ± m 
(95 % CI) were calculated for intensive indica-
tors. Confidence intervals for intensive indica-
tors were calculated by using the Wilson CI. 
Qualitative ordinal signs in dependent groups 
were compared by using the Wilcoxon test. Fre-
quencies of binary signs in dependent groups 
were compared by using the McNemar test.  

The respondents who mentioned relevant 
chronic diseases were excluded from the 
analysis for more precise investigation of dif-
ferences in the number of complaints associ-
ated, in the respondents’ opinion, with PPE 
wearing (face mask / respirator, goggles, 
gloves, or overalls) under usual (regular) func-
tioning of the in-patient hospital and in an ad-
verse epidemic situation. 

The results were considered authentic and 
differences between the indicators were con-
sidered significant under likelihood of error-
free prognosis being not lower than 95.5 % 
(p < 0.05). 

Results and discussion. Twelve men or 
12.6 % (7.4–20.8) of the respondents and 83 
women, or 87.4 % (79.2–92.6) took part in the 
study. The respondents who filled in the ques-
tionnaire were of the following ages: 20 years 
and younger, 1.1 % (0.2–5.7); between 21 and 
30 years, 30.5 % (22.2–40.4); between 31 and 
40 years, 26.3 % (18.5–36.0); between 41 and 
50 years, 25.3 % (17.6–34.8); and 51 years and 
older, 16.8 %. 

About a half of the respondents (49.5 % 
(39.6–59.4)) were nurses / paramedics; 21.1 % 
(14.1–30.3) were heads of various divisions; 
14.6 % (9.0–23.2) were doctors; 13.7 %  
(8.2–22.0) were middle- and lower-level su-
pervisors such as senior staff nurses; 1.1 % 
(0.2–5.7) were hospital orderlies. 

The respondents’ answers about their 
work records established that most had rather 
long work records in healthcare: 53.7 %  
(43.7–63.4), 15 years and longer; 13.7 %  
(8.2–22.0), between 10 and 14 years; 13.7 % 
(8.2–22.0), between 5 and 9 years; 18.9 % 
(12.3–28.0), between 1 and 4 years. 

We included a relevant question to exclude 
any association with chronic diseases in the re-
spondents and subjective symptoms of irritation 
in the upper airways, face and hand skin, hy-
poxia, overstrain of the central nervous system 
and cardiovascular system that might be caused 
by PPE use. The respondents’ answers estab-
lished that 29.5 % (21.2–39.3) of them had 
chronic ENT diseases or respiratory diseases; 
11.6 % (6.6–19.6), chronic cardiovascular dis-
eases; 7.4 % (3.6–14.4), chronic skin diseases 
on the face, hair part of the head, and hands. 
Most respondents, 57.9 % (47.8–67.3), did not 
have any of the aforementioned chronic dis-
eases in their case history. 

The questioning revealed that the number 
of respondents who wore a face mask / respira-
tor grew significantly in an adverse epidemic 
situation; 91.6 % (84.3–95.7) wore respiratory 
PPE under usual (regular) functioning of the 
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hospital whereas the share reached 100 % 
(96.1–100.0) under adverse epidemic condi-
tions (p = 0.005). Time of wearing a face mask 
/ respirator by healthcare workers grew con-
siderably when the in-patient hospital was re-
profiled to treat COVID-19 patients against 
working under usual (regular) functioning: 
52.6 % (41.6–63.5) of the respondents men-
tioned longer wearing of respiratory PPE dur-
ing a working day (p < 0.001). Longer face 
mask / respirator wearing was mentioned by 
54.6 % (38.0–70.2) of supervisors (p < 0.001), 
71.4 % (45.4–88.3) of doctors (p = 0.012) and 
35.4 % (23.4–49.6) of middle and junior 
healthcare workers (p < 0.001). 

In general, only 7 out of 55 (12.7 % 
(6.3–24.0)) respondents without any chronic 
diseases did not have complaints associated 
with respiratory PPE wearing under usual 
(regular) functioning of the in-patient hospi-
tal. The share went down to 10.9 % (5.1–21.8) 
under adverse epidemic conditions. The iden-
tified differences were not statistically sig-
nificant. Discomfort on the face and / or be-
hind the ears was the most frequent complaint 
occurring both under usual (regular) function-
ing (mentioned by 56.4 % (43.3–68.6) of the 
respondents) and when treating COVID-19 
patients (mentioned by 69.1 % (56.0–79.7) of 
the respondents). Shortness of breath associ-
ated with PPE wearing was mentioned both 
under regular functioning and adverse epi-
demic conditions by 34.6 % (23.4–47.8)  
and 43.6 % (31.4–56.7) of the respondents 
respectively. Thirty-eight point two percent 
(26.5–51.4) and 49.1 % (36.4–61.9) of the 
respondents believed there was a relation be-
tween wearing a face mask under different 
functioning of the in-patient hospital and such 
symptoms as redness and / or maceration on 
the face and behind the ears. Labored breath 
was mentioned both under regular functioning 
and adverse epidemic conditions by 16.4 % 
(8.9–28.3) and 36.4 % (24.9–49.6) of the re-
spondents respectively. Shortness of breath 
was believed to be associated with respiratory 
PPE by 34.6 % (23.4–47.8) of the respon-
dents under regular functioning and by 
43.6 % (31.4–56.7) when treating COVID-19 

patients. Analysis of frequency of specific 
complaints established that the respondents 
mentioned labored breath (p < 0.001) and dis-
comfort on the face and / or behind the ears  
(p = 0.035) statistically significantly more fre-
quently when wearing a face mask / respirator 
under adverse epidemic conditions (Figure 1). 

 
Figure 1. The respondents’ answers to the question 

about any complaints associated with wearing a 
face mask / respirator  

Long use of protective goggles can also 
be a risk factor able to induce several patho-
logical symptoms. The share of the respon-
dents who used goggles in their everyday work 
grew statistically significantly under adverse 
epidemic conditions, from 50.5 % (40.7–60.4) 
under regular functioning to 86.3 % (78.0–91.8) 
respectively (p < 0.001). The questioning re-
sults also indicate that most respondents men-
tioned longer use of goggles during a work 
shift when treating COVID-19 patients in the 
re-profiled in-patient hospital, namely,  52.6 % 
(42.7–62.4) (p < 0.001), including 63.6 % 
(46.6–77.8) supervisors (p < 0.001), 57.1 % 
(32.6–78.6) doctors (p = 0.012) and 43.8 % 
(30.7–57.7) junior and middle healthcare 
workers (p < 0.001). 

Twenty percent (11.6–32.4) of the re-
spondents who used goggles as PPE had no 
complaints when wearing them under regular 
functioning of the hospital. When healthcare 
was provided for COVID-19 patients under 
adverse epidemic conditions, 23.6 % (14.4–36.4) 
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of the respondents had no complaints associ-
ated with wearing goggles. These differences 
were not statistically significant. The highest 
share of the respondents, both under regular 
functioning (27.3 % (17.3–40.2)) and adverse 
epidemic conditions 52.7 % (39.8–65.3)) men-
tioned some discomfort in the area where gog-
gles contacted the head. Twelve point seven 
percent (6.3–24.0) and 30.9 % (20.3–44.0) of 
the respondents believed their headaches to be 
associated with wearing goggles under regular 
functioning and adverse epidemic conditions 
respectively. Itching, redness and / or macera-
tion in the area where goggles contacted the 
head was believed to be associated with wear-
ing goggles by 5.5 % (1.9–14.9) of the respon-
dents under regular functioning and by 18.2 % 
(10.2–30.3) of those who treated COVID-19 
patients. Complaints about itching, redness 
and / or maceration in the area where goggles 
contacted the head were established to be sta-
tistically significantly more frequent under ad-
verse epidemic conditions (p = 0.009). Similar 
dependence was established for such symp-
toms as ‘headache’ (p = 0.002) and ‘discom-
fort in the area where goggles contact the 
head’ (p < 0.001) (Figure 2). 

 
Figure 2. The respondents’ answers to the  
question about any complaints associated  

with wearing goggles 

Analysis of the respondents’ answers to 
the question about time of wearing gloves es-
tablished a statistically significant growth in 
the number of the respondents who used 
gloves in their everyday work under adverse 
epidemic conditions, from 83.2 % (74.4–89.4) 
to 99.0 % (94.3–99.8) (p < 0.001). Gloves 

were also used for longer periods by all the 
categories of healthcare workers when they 
were treating COVID-19 patients. Longer 
time of wearing gloves was mentioned by 
75.8 % (59.0–87.2) supervisors (p < 0.001), 
64.3 % (38.8–83.7) doctors (p = 0.008) and 
43.8 % (30.7–57.7) middle and junior health-
care workers (p < 0.001). Overall, 57.9 % 
(47.8–67.3) of the respondents mentioned 
longer tine of wearing gloves during a work 
shift (p < 0.001). 

The respondents believed that wearing 
gloves both under regular functioning and 
when treating COVID-19 patients was associ-
ated with such symptoms as skin peeling 
(37.5 % (28.1–47.9) and 53.4 % (43.1–63.5) 
respectively), redness, maceration, chaps, in-
cluding the interdigital space (30.7 % (22.0–41.0) 
and 36.4 % (27.1–46.8) respectively) and itch-
ing (22.7 % (15.2–32.5) and 34.1 % (25.0–44.5) 
respectively). Out of these symptoms, itching 
(p = 0.004) and skin peeling (p < 0.001) were 
mentioned by the respondents under adverse 
epidemic conditions statistically significantly 
more frequently (Figure 3). 

 
Figure 3. The respondents’ answers to the  
question about any complaints associated  

with wearing gloves 

The number of the respondents who wore 
protective overalls grew statistically signifi-
cantly under adverse epidemic conditions: 
only 30.5 % (22.2–40.4) of the respondents 
used overall in their everyday work under 
regular functioning whereas the share grew to 
92.6 % (85.6–96.4) under adverse epidemic 
conditions (p < 0.001). Overalls were also 
used for a statistically significantly longer pe-
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riod of time under adverse epidemic conditions 
as it was mentioned by 69.5 % (59.6–77.8) of 
the respondents (p < 0.001), including 90.9 % 
(76.4–96.9) supervisors (p < 0.001), 64.3 % 
(38.8–83.7) doctors (p = 0.008) and 56.3 % 
(42.3–69.3) junior and middle healthcare 
workers (p < 0.001). The highest share of 
healthcare workers, both under regular func-
tioning (20.7 % (12.3–32.8)) and under ad-
verse epidemic conditions (63.8 % (50.9–74.9)) 
mentioned elevated sweating when wearing 
overalls. Thirteen point eight percent (7.2–24.9) 
and 50.0 % (37.5–62.5) of the respondents be-
lieved that feeling overheated was associated 
with wearing protective overalls under differ-
ent functioning modes of the hospital; 12.1 % 
(6.0–22.9) and 41.4 % (29.6–54.2) were 
thirsty; 3.5 % (1.0–11.7) and 19.0 % (10.9–30.9) 
had palpitation; 3.5 % (1.0–11.7) and 10.3 % 
(4.8–20.8) mentioned such a symptom as ‘diz-
ziness’. Statistical analysis established that 
frequency of such symptoms as ‘elevated 
sweating’ (p < 0.001), ‘feeling overheated’  
(p < 0.001), ‘thirst’ (p < 0.001), and ‘palpita-
tion’ (p = 0.012) was higher under adverse epi-
demic conditions than under usual (regular) 
functioning of the hospital (Figure 4). 

 
Figure 4. The respondents’ answers to the question 

about any complaints associated with wearing 
protective overalls 

Apart from some specific symptoms that 
are associated with PPE, some non-specific 
complaints may occur due to their long use. 
Such complaints can still create certain diffi-
culties in performing work functions and pro-
duce considerable effects on work hardness 

and work intensity of healthcare workers. The 
questioning results revealed that a lot of the 
respondents had certain difficulties associated 
with PPE use; some statistically significant 
differences were identified between PP use 
under regular functioning of the hospital and 
when treating COVID-19 patients: 20.0 % 
(13.2–29.1) and 53.7 % (43.7–63.4) of the re-
spondents mentioned some difficulties in vis-
ual perception of information (limited vision, 
difficulty in object discrimination) (p < 0.001); 
22.1 % (14.9–31.5) and 45.3 % (35.6–55.3) 
complained about difficulties in auditory per-
ception of information (ability to understand 
speech and percept audio signals) (p < 0.001); 
28.4 % (20.3–38.2) and 63.2 % (53.1–72.2) 
felt physical discomfort when using PPE  
(p < 0.001); 6.3 % (2.9–13.1) and 14.7 %  
(9.0–23.2) mentioned difficulties in putting 
PPE on and off (p = 0.005); 17.9 % (11.5–26.8) 
and 37.9 % (28.8–47.9) found it difficult to 
perform work tasks that required precise 
movements (injections, surgical manipulation 
and the like) (p < 0.001); 12.6 % (7.4–20.8) 
and 27.4 % (19.4–37.1) mentioned decreased 
work capacity that was associated with PPE 
use (p < 0.001) (Figure 5). 

 
Figure 5. The respondents’ answers to the question 

about any difficulties associated with PPE use   

Work hardness and work intensity also 
changed considerably in workplace settings of 
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healthcare workers depending on how the 
hospital functioned. Greater physical loads in 
everyday work under adverse epidemic condi-
tions were mentioned by 79 out of 95 respon-
dents (83.2 % (74.4–89.4)); 51.9 % (41.1–62.6) 
of them believed it was due to longer time 
spent standing during a work shift; 46.8 % 
(36.2–57.7), due to a greater number of car-
gos that had to be moved by hand during a 
work shift (lifting and moving patients, medi-
cal devices, medications, cleaning equipment, 
etc.); 41.8 % (31.5–52.8), due to longer dis-
tances covered on foot during a work shift; 
both with and without moving up or down; 
29.1 % (20.3–39.9), due to changes in a work 
posture (doing work in an uncomfortable pos-
ture with body bends, uncomfortable poses of 
extremities, a forced work posture and the 
like) and / or greater quantity of body 
bendovers during a work shift. Only 12 out of 
79 (15.2 % (8.9–24.7)) of the respondents did 
not have any complaints as regards the mus-
culoskeletal system, which they believed 
were associated with greater physical loads 
whereas 68.4 % (57.5–77.6) of the respon-

dents had lower back pain; 40.5 % (30.4–51.5), 
leg weakness or pain; 36.7 % (26.9–47.7), 
arm and shoulder weakness and pain; 26.6 % 
(18.1–7.2), joint pain. 

Greater work intensity was also men-
tioned by 83.2 % (74.4–89.4) of the respon-
dents; this was associated with greater intel-
lectual, sensory, and emotional loads as well 
as changes in working conditions (Figure 6). 

Growing work intensity was believed to 
be associated with several pathological symp-
toms by 75 out of 79 respondents (94.9 % 
(87.7–98.0)); among them, 82.3 % (72.4–89.1) 
mentioned feeling overstrain and accumulated 
fatigue, 39.2 % (29.2–50.3) complained of 
feeling depressed and devastated, 20.3 % 
(12.9–30.4) did not feel satisfied with work 
they were doing, 24.1 % (16.0–34.5) had prob-
lems with attention focusing, 34.2 % (24.7–
45.2) complained about poorer memory, 5.1 % 
(2.0–12.3) mentioned longer time of reacting 
to external stimuli, 40.5 % (30.4–51.5) had 
sleepiness, 44.3 % (33.9–55.3) suffered from 
headaches, 5.1 % (2.0–12.3) felt some discom-
fort in the area near the eyes. 

 

 
Figure 6. The respondents’ answers to the question about the reasons for growing work intensity  
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Biological factors are usually evaluated in 
most workplace settings of healthcare workers, 
both when workplaces are assessed as per 
working conditions and during complex hygi-
enic assessment of working conditions. The 
latter involves evaluating duration of direct 
contacts with patients (examination, question-
ing, medical manipulations, and transporta-
tion) and indirect ones (collection, sorting and 
disinfection of bed linen, medical devices, 
laboratory and dining dishes, ward cleaning, 
contacts with patients’ biological materials). 
Given that, it seems interesting to analyze 
within occupational health risk analysis how 
duration of such contacts was influenced after 
the hospital had been re-profiled to treat 
COVID-19 patients. Our questioning estab-
lished that 63.2 % (53.1–72.2) and 51.6 % 
(41.7–61.4) of the respondents believed dura-
tion of their everyday contacts with patients, 
both direct and indirect ones, grew under ad-
verse epidemic conditions. 

The study established that 83.2 %  
(74.4–89.4) of the respondents had COVID-19 
confirmed with laboratory tests; an associa-
tion between the disease and an occupation 
was found in 20.3 % (12.9–30.4) (16 people) 
of them and these disease cases were consid-
ered occupational infection. Still, 42.9 % 
(31.4–55.1) of those respondents with the dis-
ease not considered an occupational case be-
lieve that COVID-19 infection in them was 
also related to performing their occupational 
tasks. Ninety-three point seven percent  
(86.7–97.1) of the respondents were vacci-
nated against COVID-19. 

Longer contacts with a biological factor 
do not only require longer PPE use by health-
care workers, but also lead to longer contacts 
with chemicals such as antiseptics and disin-
fectants. Ninety-nine percent (94.3–99.8) of 
the respondents mentioned longer contacts 
with antiseptics or disinfectants during a work 
shift (hand treatment, disinfection of surfaces 
and medical devices, cleaning) when perform-
ing their work tasks under adverse epidemic 
conditions. Out of them, 89.4 % (81.5–94.1) 
believed these contacts to be associated with 
several pathological symptoms: 21.3 %  

(14.2–30.6) mentioned dry or irritated eye mu-
cosa; 58.5 % (48.4–67.9), irritation of the up-
per airways (nasal mucosa irritation, a tickle in 
the throat, dry cough); 70.2 % (60.3–78.5), 
skin irritation (redness, skin peeling or itching 
on the hands or face). 

Conclusions. The study results give evi-
dence of considerable changes in working 
conditions and PPE use during an epidemic 
rise in incidence and effects produced by them 
on health and psychoemotional state of health-
care workers employed at the multi-field re-
profiled in-patient hospital. The number of the 
respondents who mentioned mandatory PPE 
use in everyday work grew considerably under 
adverse epidemic conditions. Respiratory PPE 
was used by 91.6 % (84.3–95.7) of the respon-
dents under usual (regular) functioning of the 
hospital whereas the share reached 100 % 
(96.1–100.0) under adverse epidemic condi-
tions (p = 0.005); goggles were worn by 
50.5 % (40.7–60.4) and 86.3 % (78.0–91.8) of 
the questioned healthcare workers respectively 
(p < 0.001); gloves, 83.2 % (74.4–89.4) and 
99.0 % (94.3–99.8) (p < 0.001); protective 
overalls, 30.5 % (22.2–40.4) and 92.6 % 
(85.6–96.4) (p < 0.001). There was a substan-
tial growth in PPE wearing time when the hos-
pital was re-profiled to treat COVID-19 pa-
tients against its regular functioning: 52.6 % 
(41.6–63.5) of the respondents mentioned 
longer respiratory PPE use during a working 
day (p < 0.001); 52.6 % (42.7–62.4), longer 
goggles wearing (p < 0.001); 57.9 % (47.8–67.3), 
longer gloves wearing (p < 0.001); and 69.5 % 
(59.6–77.8), longer wearing of protective over-
alls (p < 0.001). This dependence is the most 
apparent for supervisors (heads of divisions 
and senior staff nurses) and doctors. 

Longer PPE use under adverse epidemic 
conditions is associated with more frequent 
complaints made by the questioned healthcare 
workers. When wearing a face mask, the re-
spondents statistically significantly more often 
mentioned labored breath (p < 0.001) and dis-
comfort on the face and / or behind the ears  
(p = 0.035); when wearing goggles, itching, 
redness and / or maceration in the area where 
they contact the head (p = 0.009), headaches  
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(p = 0.002) and discomfort in the area where 
goggles contact the head (p < 0.001); when 
wearing gloves, itching (p = 0.004) and skin 
peeling (p < 0.001); when wearing overalls, 
elevated sweating (p < 0.001), feeling over-
heated (p < 0.001), thirst (p < 0.001), and pal-
pitation (p = 0.012). 

A considerable part of the respondents 
had certain difficulties associated with PPE 
use; complaints about them were statistically 
significantly more frequent when treating 
COVID-19 patients: 20.0 % (13.2–29.1) and 
53.7 % (43.7–63.4) of the respondents men-
tioned difficulties in visual perception of in-
formation (p < 0.001); 22.1 % (14.9–31.5) and 
45.3 % (35.6–55.3), difficulties in auditory 
perception of information (p < 0.001); 28.4 % 
(20.3–38.2) and 63.2 % (53.1–72.2) had physi-
cal discomfort when wearing PPE (p < 0.001); 
6.3 % (2.9–13.1) and 14.7 % (9.0–23.2) had 
difficulties in putting PPE on / off (p = 0.005); 
17.9 % (11.5–26.8) and 37.9 % (28.8–47.9) 
had difficulties in performing work tasks that 
require precise movements (p < 0.001); 12.6 % 
(7.4–20.8) and 27.4 % (19.4–37.1) complained 
about decreased working capacity due to PPE 
use (p < 0.001). 

Greater physical loads in everyday work 
under adverse epidemic conditions were men-
tioned by 83.2 % (74.4–89.4) of the respon-
dents and only 15.2 % (8.9–24.7) of them did 
not have any complaints as regards functioning 
of the musculoskeletal system. Greater work 
intensity was mentioned by 83.2 % (74.4–89.4) 
of the respondents and 94.9 % (87.7–98.0) of 
them believed it was associated with several 
pathological symptoms. 

The questioning results also established 
that 63.2 % (53.1–72.2) and 51.6 % (41.7–61.4) 
of the respondents believed their everyday di-
rect and indirect contacts with patients became 
longer under adverse epidemic conditions. 
COVID-19 confirmed with laboratory tests 
was diagnosed in 83.2 % (74.4–89.4) of the 
respondents; an association between the dis-
ease and an occupation was established for 
20.3 % (12.9–30.4) of them and their disease 
cases were considered occupational infection. 
Still, 42.9 % (31.4–55.1) of those respondents 

with the disease not considered an occupa-
tional case believe that COVID-19 infection in 
them was also related to performing their oc-
cupational tasks. Ninety-three point seven per-
cent (86.7–97.1) of the respondents were vac-
cinated against COVID-19. 

Ninety-nine percent (94.3–99.8) of the re-
spondents mentioned longer contacts with an-
tiseptics or disinfectants during a work shift 
when performing their work tasks under ad-
verse epidemic conditions. Out of them, 
89.4 % (81.5–94.1) believed these contacts to 
be associated with several pathological symp-
toms including dry or irritated eye mucosa, 
irritation of the upper airways, skin irritation. 

Therefore, this study established consid-
erable changes in working conditions of 
healthcare workers under adverse epidemic 
conditions. These changes included longer 
contacts with biological and chemical health 
risk factors, greater work hardness and inten-
sity, as well as the necessity to use PPE for a 
longer time. All this creates elevated occupa-
tional health risks for healthcare workers and 
stimulates development of occupational dis-
eases and several various pathological states.  

The study has a certain limitation. We did 
not have any objective data on the respon-
dents’ health prior to the pandemic and during 
it and this does not allow us to make unambi-
guous conclusions about an authentic associa-
tion between specific subjective complaints 
and changed working conditions. However, 
our study results make a valuable contribution 
to investigating occupational health risks asso-
ciated with treating patients during an epi-
demic rise in incidence of respiratory infec-
tions; they allow subjective assessment of 
changes in healthcare workers’ health due to 
changes in their working conditions and can 
therefore provide substantiation for further 
profound study of the issue with relevant ob-
jective methods.  
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Studies that address risks of perinatal mortality among the offspring of people exposed to ionizing radiation in the 

workplace are significant for developing hygienic standards at production facilities with radiation hazards. 
The purpose was to analyze perinatal mortality (stillbirths and early neonatal deaths) among the offspring of workers 

employed by Mayak Production Association (Mayak PA), the first atomic production facility in Russia. 
A retrospective analysis was performed among 25,007 children born in 1949–1973; parents of 14,580 of these children 

were exposed to long-term occupational radiation at Mayak PA. The study provides frequency and dynamics of perinatal 
mortality and comparative analysis of perinatal mortality by sex, year of birth, parental age at childbirth, and dose catego-
ries of radiation exposure. Research data were analyzed by methods of non-parametric statistics. We calculated a relative 
risk (RR) of perinatal mortality among the offspring of exposed and unexposed parents with 95 % CI. 

The rate of perinatal mortality was generally the same in both groups, 19.9 for 103 in the test group and 17.9 for 103 in 
the control, p > 0.05. Stillbirths among male offspring were statistically significantly more often observed in the test group 
due to contribution of the children with only mothers exposed to occupational radiation exposure at Mayak PA prior to con-
ception and offspring exposed in utero. Intrauterine fetal death was observed statistically significantly more often among 
boys of the test group compared to controls: 2.9 against 0.9 for 103. Rates of stillbirths and perinatal mortality in the main 
group statistically significantly exceeded the values in the comparison group in 1949–1953: RR = 2.69 (CI: 1.46–4.95) and 
2.12 (1.38–3.28) respectively. Significant statistical differences in the perinatal mortality risk were established in certain 
categories of preconception and intrauterine gamma-exposure. 

The identified peculiarities of unfavorable outcomes in the perinatal period that were detected among the offspring of 
Mayak PA workers could be eligible for further epidemiological monitoring. Poly-etiology character of perinatal mortality 
requires further follow up of the cohort of the offspring born to atomic production workers. 

Keywords: perinatal mortality, stillbirths, early neonatal deaths, Mayak PA, production with radiation hazards, off-
spring of exposed workers, preconception exposure, in utero exposure, dose to the gonads. 
 

 
Infants’ mortality is singled out of the 

overall sphere of population mortality due to 
its special social and demographic significance 
since it is one of key indicators of population 
health [1]. It was reasonably demonstrated that 
well-being of postnatal development depends a 
lot on specific characteristics of early stages of 
ontogenesis1. 

Defining the contribution of radiation ex-
posure to the risk of unfavorable reproduction 
outcomes is a topical aspect of scientific re-
search in many experimental [2, 3] and epide-

miological studies [4–6]. According to modern 
estimates of perinatal mortality in the cohort of 
the offspring of atomic bomb survivors in Japan 
[7] radiation exposure of parents was associated 
with increased risk of severe congenital mal-
formations and perinatal death. However, the 
estimates of direct radiation exposure were im-
precise and most of them weren’t statistically 
significant. L. Parker et al. [8] in their analysis 
of stillbirths among the offspring of men ex-
posed to radiation at the nuclear materials proc-
essing plant in Sellafield describe a statistically 
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significant correlation between the risk of still-
birth and the total exposure to external ionizing 
radiation of the father prior to conception: ad-
justed odds ratio for 100 mSv 1.24 (95 % CI: 
1.04–1.45). At the same time P. Doyle et al. [9] 
in their study of reproduction outcomes in the 
cohort of atomic production workers in the UK 
(11,697 men and 1903 women) found no evi-
dence of relationship between exposure to low-
rate ionizing radiation prior to conception and 
increased risk of an unfavorable reproduction 
outcome in men involved in atomic production. 
However, the authors indicate that the conclu-
sions regarding maternal exposure prior to con-
ception and increased risk of fetal death are 
ambiguous and require further research. The 
increase of perinatal mortality in Fukushima 
and four neighboring prefectures after the acci-
dent at Fukushima Nuclear Power Plant was 
described by A. Körblein and H. Küchenhoff  
[10]. The authors point out that the results ob-
tained are consistent with similar observations 
in Germany [11], Ukraine and Belarus follow-
ing the Chernobyl accident [12, 13]. 

Mayak Production Association (PA) is the 
first atomic production facility in Russia that 
has been in operation since 1948. Due to ex-
tremely tight deadlines for obtaining ionizing 
radiation sources for industrial and military 
purposes, due to lack of experience and imper-
fect technologies as well as due to radiation 
safety standards that were in effect at that time 
Mayak PA personnel comprising a large pro-
portion of people in reproductive age could 
undergo significant occupational exposure in 
the period of production development. 

The cohort of Mayak PA workers’ off-
spring could be used as a valuable source for 
assessing late effects of radiation due to occu-
pational exposure of parents. This research is 
performed in order to obtain an up-to-date 
mortality estimate in an extended cohort of the 
offspring of atomic production personnel tak-
ing into account the updated dosimetry data. 

The purpose was to analyze perinatal 
mortality (stillbirths and early neonatal deaths) 
among the offspring of Mayak PA workers. 

Material and methods. A retrospective 
epidemiological study was performed based on 

the registries developed and maintained in the 
Laboratory of Radiation Epidemiology in 
Southern Urals Biophysics Institute: 

– The Medical-dosimetry Registry of per-
sonnel of  Mayak PA [14]; 

– The Children Registry of a closed admin-
istrative territorial unit (CATU) Ozyorsk popu-
lation exposed in childhood to anthropogenic 
radiation due to operation of Mayak PA [15]; 

– The Causes of Death Registry of CATU 
Ozyorsk population [16]; 

– The Ozyorsk Children’s Health Registry 
of CATU population comprising medical and 
social information from archival pediatric out-
patient records [17]. 

Information on individual doses of occu-
pational radiation exposure to the parents was 
obtained from the “Mayak Worker Dosimetry 
System – 2013” [18]. The analysis takes into 
account absorbed doses of external gamma-
exposure of the gonads prior to conception and 
gamma-exposure doses to the uterus. 

Composing of the studied groups was per-
formed as follows: 

The cohort of Mayak PA workers em-
ployed in the period from 1948 to 1982 at the 
main (reactor, radiochemical and plutonium pro-
duction) and auxiliary (water treatment and me-
chanical repairs) facilities comprises 25,757 in-
dividuals (19,395 men – 75.3 %; 6362 women – 
24.7 %). The number of their offspring born af-
ter employment of the parents at Mayak PA 
makes 14,580 children (7543 boys – 51.7 %; 
7037 girls – 48.3 %). The study includes chil-
dren of Mayak PA workers born in CATU Ozy-
orsk. The period of childbirth is 1949–1973. 

The comparison group was based on the 
Children Registry comprising information on 
children population of CATU Ozyorsk. The 
comparison group was composed of children 
of unexposed parents born in CATU Ozyorsk 
in 1949–1973 (their parent weren’t exposed to 
occupational radiation prior to conception, 
didn’t take part in liquidation of the conse-
quences of radiation accidents, weren’t relo-
cated from radioactively contaminated areas). 
The comparison group finally comprised 
10,427 individuals: 5301 (50.8 %) men; 5126 
(49.2 %) women. 
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The analyzed groups are comparable in 
terms of year of birth, sex, and being born in 
the CATU. Those born outside the city and mi-
grating into it at a young age were excluded 
from the study to ensure that the observed 
groups were characterized by the same climatic 
and geographic living conditions, as well as the 
same level and quality of healthcare. 

The main causes of death were classified 
according to the ‘International Statistical Clas-
sification of Diseases and Related Health 
Problems’ (ICD) of the IX and X revisions. 

The stillbirth rate was calculated as the 
number of stillbirth cases per 1000 live and still-
born births: 

Stillbirth rate = 

Number  
of stillborn 

----------------------- 
Total live and 
stillborn births 

· 1000. 

 
In the studied period of children's births 

(1949–1973), in the USSR, stillbirth was un-
derstood as a birth that took place after 28 
weeks of gestation, with fetal length of at least 
35 cm and weight of at least 1000 g, in case 
the newborn did not take any breath after birth. 
Stillbirth was divided into the following types: 
antenatal – the fetus dies in utero before deliv-
ery; intranatal – the fetus dies directly in the 
course of delivery; and postnatal – the fetus is 
born with a heartbeat but dies because it fails 
to start extrauterine respiration. The criteria for 
stillbirth were significantly changed later [19]. 

Early neonatal mortality was calculated as 
the ratio of the number of children who died 
within 7 days after birth to the number of chil-
dren born alive. Perinatal mortality rate in-
cluded stillbirths and those who died in their 
first week (within the first 168 hours or 7 
days) per 1000 live and stillborn births. 

Statistical analysis was carried out using 
the STATISTICA Version 10 software pack-
age (StatSoft, USA). Comparison of rates was 
performed using the Pearson's chi-squared test 
and the two-tailed Fisher's exact test; the dif-
ferences were considered significant at p < 0.05. 
The relative risk (RR) of perinatal losses 
among the offspring of exposed and unex-

posed parents was calculated with a 95 % con-
fidence interval (CI). 

RR was calculated by the formula: 
RR = (a/a + b) / (c/c + d),  

where 
a – number of offspring in the main group 

with perinatal losses as an outcome; 
b – number of offspring in the main group 

with no perinatal losses as an outcome; 
c – number of offspring in the comparison 

group with perinatal losses as an outcome; 
d – number of offspring in the comparison 

group with no perinatal losses as an outcome 
with the standard square error of the loga-
rithmic relative risk: 

  1 1 1 1SE ln( ) ,RR
a c a b c d

   
 

 

and a 95 % confidence interval: 

 95 % СI exp (ln( ) 1.96 SE ln( ) )RR RR    

to  exp (ln( ) 1.96 SE ln( ) ).RR RR    

We carried out the analysis of the rates 
and relative risk of stillbirth, of early neonatal 
mortality, and perinatal losses by sex, year of 
birth, and age of parents at the time of the 
child's birth. 

The calendar period of children's births 
was divided into 5-year intervals: 1949–1953, 
1954–1958, 1959–1963, 1964–1968 and 
1969–1973. The age of parents at the time of 
the child's birth was divided into the following 
categories: 20 years and younger, 21–25, 26–
30, 31–35, 36 years and older. Analysis of the 
rates was performed for each interval. 

The risk assessment of perinatal losses in 
different dose categories among the offspring 
of Mayak PA workers was performed in com-
parison with the offspring of the corresponding 
sex in the comparison group. The following 
dose categories were defined for preconcep-
tion external gamma-exposure of the gonads: 
0.1–20, 20.1–50, 50.1–100, 100.1–500, 500.1–
1000, 1000.1 and more mGy; for in utero ex-
ternal gamma-exposure – 0.1–20, 20.1–50, 
50.1–100, 100.1–500, 500.1 and more mGy. 
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RR estimates taking into account dose catego-
ries of radiation exposure were performed with 
separate analysis of each component. 

Results and discussion. The rates of 
perinatal losses and its structural components 
in the groups for the whole period of follow up 
are presented in Table 1. 

During the period from 1949 to 1973, a 
total of 291 cases of perinatal mortality were 
registered in the main group, with no statisti-
cally significant differences compared to the 
comparison group (187 cases), χ² = 1.32,  
p > 0.05. Comparative analysis of perinatal 
losses by sex demonstrated no statistically sig-
nificant differences: in the main group, 58.1 % 
(169 cases) of the offspring were male, and 
41.9 % (122 cases) were female, while in the 
comparison group, these percentages made 
56.2 % (105 cases) and 43.8 % (82 cases), re-
spectively, p > 0.05. 

Overall perinatal mortality rates did not 
differ significantly between the groups: 9.95 
per 103 in the main group and 7.9 per 103 in 
the comparison group, χ² = 2.93, p > 0.05. 
However, the rate of stillbirths among male 
offspring in the main group significantly ex-
ceeded the corresponding rate in the compari-
son group (11.4 vs 7.7 per 103, χ² = 4.27,  
p = 0.038). Stillbirth rates among female off-
spring in both groups were comparable: 8.4 
per 103 in the main group and 8.0 per 103 in 
the control group, χ² = 0.05, p > 0.05. 

No statistically significant differences 
were found in the incidence of early neonatal 
mortality between the groups: the contribution 
of offspring of both sexes to early neonatal 
mortality in the groups was almost identical – 
10.1 and 10.2 per 103, χ² = 0.0008, p > 0.05. 

According to official statistics, perinatal 
mortality rates in various countries around the 
world during the study period ranged from 12 
to 50 ‰, and early neonatal mortality ranged 
from 5.4 to 16.4 ‰ [20, 21]. In the USSR, 
based on selective data, perinatal mortality 
rates ranged from 12 to 25 ‰, varying by re-
gions2 [22]. Subsequently, perinatal mortality 
rates in Russia showed a consistent decrease, 
from 17.9 ‰ in 1990 to 10.2 ‰ in 2005 [23]. 

For a correct comparison of perinatal mortal-
ity among the offspring of Mayak PA workers 
with the national data, a further analysis of stan-
dardized mortality ratio (SMR) is necessary. 

Given the statistically significant differ-
ences in stillbirth rates among male offspring, 
this category was studied in more detail. The 
distribution of male offspring in the main 
group demonstrated that in 15 % (1131/7543) 
of male offspring in the main group mothers 
only were exposed to preconception occupa-
tional radiation at Mayak PA, fathers only – in 
66.2 % (4991/7543), and both parents in 
18.8 % (1421/7543). In utero external gamma-
exposure was registered in every third male 
offspring making 34 % (2567/7543). 

T a b l e  1  
Rates of perinatal losses 

Main group Comparison group 
Boys (n = 7543) Girls (n = 7037) Both (n = 14,580) Boys (n = 5301) Girls (n = 5126) Both  (n = 10,427)
abs. per 103 abs. per 103 abs. per 103 abs. per 103 abs. per 103 abs. per 103 

Stillbirth rates 
86* 11.4 59 8.4 145 9.95 41 7.7 41 8.0 82 7.9 

Early neonatal mortality** 
83 11.1 63 9.0 146 10.1 64 12.2 41 8.1 105 10.2 

Perinatal mortality 
169 22.4 122 17.3 291 19.9 105 19.8 82 16.0 187 17.9 

Note: * – statistically significant differences with the comparison group; ** – from the total number of chil-
dren born alive. 

__________________________ 
 
2 Petrov-Maslakov M.A., Klimets I.I. Perinatal'naya smertnost' [Perinatal mortality]. Leningrad, Meditsina Publ., 1965, 

218 p. (in Russian). 
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T a b l e  2  
Comparative analysis of stillbirths among male offspring  

Main group Comparison group 
Number  

of stillbirths 
Total number  
of offspring* per 103 Number  

of stillbirths 
Total number 
of offspring* per 103 χ2 p 

Exposed mother only 
22** 1131 19.5 41 5301 7.7 13.19 0.0003 

Exposed father only 
49 4991 9.8 41 5301 7.7 1.28 > 0.05 

Both parents exposed 
15 1421 10.6 41 5301 7.7 1.08 > 0.05 

In utero exposure 
37** 2567 14.4 41 5301 7.7 7.86 0.005 

Note: * – number of male offspring in this category, ** – statistically significant differences with the com-
parison group. 

 
Significant statistical differences in stillbirth 

rates among male offspring compared to male 
offspring in the comparison group (Table 2) 
were observed for children with only mothers 
exposed to preconception occupational radiation 
(χ² = 13.19, p = 0.0003) and for in utero exposed 
offspring (χ² = 7.86, p = 0.005). In these catego-
ries, the stillbirth rates were the highest (19.5 and 
14.4 per 103), exceeding the level of stillbirths 
among male offspring in the comparison group 
(7.7 per 103) by 2.5 and 1.9 times, respectively. 

Dynamics of perinatal mortality by calen-
dar periods is presented in Figure 1. 

 

 
Figure 1. Dynamics of perinatal mortality for the 

period 1949–1973: MG – main group,  
CG – comparison group 

The maximum rate of stillbirth in the main 
group was observed in 1959–1963 (13.3 per 
103), followed by a steady decrease, while in 
the comparison group, the peak of stillbirth rate 
was observed in 1964–1968 (14.7 per 103). 
Comparison of stillbirth rates by calendar peri-
ods demonstrated statistically significant differ-
ences between the groups only for 1949–1953 
when stillbirth rate in the main group (10.4 per 
103) significantly exceeded the rate in the con-
trol group (3.9 per 103), χ2 = 10.9, p < 0.001. 

The dynamics of early neonatal mortality in 
both groups was rather proportional: the mini-
mum values were registered at the beginning of 
the follow up period (in 1949–1953 – 7.2 per 103 

in the main group, 4.4 per 103 in the comparison 
group) with a gradual decrease reaching the pla-
teau in 1954-1963 and moderate decrease by 
1969–1973 (8.6 and 12.1 per 103, respectively). 
There were no significant statistical differences 
in early neonatal mortality between the groups 
when considering each calendar period. 

The dynamics of perinatal mortality, in 
general, mirrored the stillbirth trends in the 
groups. Statistically significant differences 
were only observed for the period 1949–1953 
when the perinatal loss rate in the main group 
(17.5 per 103) significantly exceeded that of 
the comparison group (8.2 per 103), χ2 = 12.1, 
p < 0.001.There was a stabilization of perinatal 
mortality rates in the periods 1954–1958 and 
1959–1963, with little difference between the 
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groups, reaching 24.4 and 24.2 per 103 in the 
main group and 25.6 and 23.8 per 103 in the 
comparison group, respectively. Subsequently, 
there was a decrease in perinatal loss rates, 
starting from 1963 in the main group (from 
24.2 to 11.6 per 103) and from 1968 in the 
comparison group (from 27.3 to 18.7 per 103). 

Analysis of the relative risk of perinatal loss 
by calendar period (Table 3) proved significant 
statistical differences only for the period  
1949–1953, when stillbirth and perinatal mor-
tality in the main group significantly exceeded 
those in the comparison group: RR = 2.69  
(1.46–4.95) and 2.12 (1.38–3.28), respectively. 
Risk assessment of early neonatal mortality, both 
overall and regarding gender, demonstrated no 
statistically significant differences. 

The majority of perinatal losses in both 
groups (Figure 2) were ‘Certain conditions 
originating in the perinatal period’ (ICD-10 
codes P00–P96): 78.3 % (228/291) in the main 
group and 80.2 % (150/187) in the comparison 
group, χ2 = 0.64, p > 0.05. Intrauterine fetal 
deaths made 11 % (32/291) in the main group 

and 7.5 % (14/187) in the comparison group,  
χ2 = 2.4, p > 0.05. According to archival statisti-
cal data3, the proportion of antenatal fetal deaths 
in the overall stillbirth rate was very high during 
the study period, ranging from 17 to 61 %. 

There were no significant statistical dif-
ferences in perinatal losses due to congenital 
malformations, perinatal-specific infections, 
respiratory diseases, and other disorders occur-
ring in the perinatal period. 

Thus, the structure of perinatal losses did 
not differ between the groups. However, the 
analysis of the structure of perinatal mortality 
by offspring sex demonstrated that intrauterine 
fetal death was statistically significantly more 
common among boys in the main group com-
pared to the control group: 2.9 vs 0.9 per 103, 
F-test = 0.018. Y.M. Wong et al. [24] in their 
review of the effects of radiation therapy on 
the fetus pointed out that a fetus exposed to 
radiation has a higher probability of side ef-
fects, such as congenital abnormalities and 
even fetal death, especially when the threshold 
of 0.1 Gy is exceeded. 

T a b l e  3  
Perinatal losses by calendar periods of birth of the offspring 

Main group 
(n = 14,580) 

Comparison group 
(n = 10,427)   

abs. per 103 abs. per 103 
RR 95 % CI 

Stillbirth rate 32/3085 10.4 15/3884 3.9 2.69* 1.46–4.95 
Early neonatal mortality** 22/3053 7.2 17/3869 4.4 1.64 0.87–3.1 1949–1953 

Perinatal mortality 54/3085 17.5 32/3884 8.2 2.12* 1.38–3.28 
Stillbirth 43/3608 11.9 29/2500 11.6 1.03 0.64–1.64 

Early neonatal mortality 45/3565 12.6 35/2471 14.2 0.89 0.57–1.38 1954–1958 
Perinatal mortality 88/3608 24.4 64/2500 25.6 0.95 0.7–1.31 

Stillbirth 44/3308 13.3 13/1429 9.1 1.46 0.79–2.71 
Early neonatal mortality 36/3264 11.0 21/1416 14.8 0.74 0.44–1.27 1959–1963 

Perinatal mortality 80/3308 24.2 34/1429 23.8 1.02 0.68–1.5 
Stillbirth 20/2591 7.7 14/953 14.7 0.53 0.27–1.04 

Early neonatal mortality 26/2571 10.1 12/939 12.8 0.79 0.4–1.6 1964–1968 
Perinatal mortality 46/2591 17.7 26/953 27.3 0.65 0.4–1.05 

Stillbirth 6/1988 3.0 11/1661 6.6 0.46 0.17–1.23 
Early neonatal mortality 17/1982 8.6 20/1650 12.1 0.71 0.37–1.35 1969–1973 

Perinatal mortality 23/1988 11.6 31/1661 18.7 0.62 0.36–1.06 

Note: * – statistically significant differences with the comparison group; ** – from the number of children born alive. 
__________________________ 
 
3 Petrov-Maslakov M.A., Klimets I.I. Perinatal'naya smertnost' [Perinatal mortality]. Leningrad, Meditsina Publ., 1965, 

218 p. (in Russian). 



Risk of perinatal mortality among the offspring of workers employed at production with radiation hazards    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 115

 
Figure 2. Perinatal mortality structure 

The frequency of ‘Certain conditions 
originating in the perinatal period’ among off-
spring of different sexes did not differ: in the 
main group, it was 17.1 per 103 among boys 
and 14.1 per 103 among girls; in the comparison 
group, it was 16.0 and 12.7 per 103, respec-
tively, p > 0.05. An analysis of nosological 
forms included in ‘Certain conditions originat-
ing in the perinatal period’ (Figure 3) demon-
strated that various respiratory disorders were 
the most common cause of perinatal losses in 
both groups (8.8 per 103 in the main group and 
7.7 per 103 in the comparison group, χ2 = 0.9,  
p > 0.05). Among stillborn infants, respiratory 
pathology was primarily represented by intrau-
terine hypoxia and intranatal asphyxia (χ2 = 0.08, 
p > 0.05). Among live-born infants who died in 
the early neonatal period respiratory distress 
syndrome and atelectasis were the most fre-
quent causes of death (χ2 = 0.02, p > 0.05). 

Statistically significant differences in the 
incidence of nosological forms in the structure 
of ‘Certain conditions originating in the peri-
natal period’ were only observed for birth trau-
mas, which were more frequently registered in 
the main group (1.65 vs 0.67 per 103 in the 
control group, χ2 = 4.66, p = 0.03), and early 
neonatal mortality due to prematurity, which 
was more common among the offspring of un-
exposed parents (1.2 per 103 in the main group 
and 2.2 per 103 in the comparison group,  
χ2 = 4.12, p = 0.042). 

It should be noted that the groups did not 
differ in the level of medical care provided in 
the closed administrative-territorial unit 
(CATU) and, in particular, in availability of 
obstetric and gynecological services. Medical 
care for the population of CATU, along with 
employees of the city-forming enterprise, was 
provided by the Federal Medical and Biological

 
Figure 3. Certain conditions originating in the perinatal period (P00–P96):  

MG – main group, CG – comparison group 
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T a b l e  4  
Perinatal losses by age of parents at childbirth  

Main group 
(n = 14,580) 

Comparison group 
(n = 10,427)   

abs. per 103 abs. per 103 
RR 95 % CI 

Boys 169/7543 22.4 105/5301 19.8 1.13 (0.89–1.44)
Girls 122/7037 17.3 82/5126 16.0 1.08 (0.82–1.43)Number of offspring 
Both 291/14580 19.9 187/10427 17.9 1.11 (0.93–1.34)

Mothers 
Boys 18/831 21.7 17/750 22.7 0.96 0.5–1.84 
Girls 16/764 20.9 7/655 10.7 1.96 0.8–4.73 20 years and younger 
Both 34/1595 21.3 24/1405 17.1 1.25 0.7–2.1 
Boys 65/2968 21.9 39/2093 18.6 1.17 0.8–1.74 
Girls 42/2818 14.9 29/2074 14.0 1.1 0.67–1.71 21–25 
Both 107/5786 18.5 68/4167 16.3 1.13 0.84–1.53 
Boys 51/2453 20.8 25/1495 16.7 1.24 0.77–1.99 
Girls 41/2273 18.0 25/1510 16.6 1.1 0.67–1.78 26–30 
Both 92/4726 19.5 50/3005 16.6 1.17 0.83–1.65 
Boys 28/998 28.1 14/649 21.6 1.3 0.7–2.5 
Girls 16/901 17.8 15/603 24.9 0.71 0.36–1.43 31–35 
Both 44/1899 23.2 29/1252 23.2 1.0 0.63–1.6 
Boys 7/293 23.9 10/314 31.8 0.75 0.29–1.95 
Girls 7/281 24.9 6/284 21.1 1.18 0.4–3.47 36 years and older 
Both 14/574 24.4 16/598 26.8 0.91 0.45–1.85 

Fathers*  
Boys 5/234 21.4 2/142 14.1 1.52 0.3–7.72 
Girls 4/206 19.4 3/131 22.9 0.85 0.2–3.73 20 years and younger 
Both 9/440 20.5 5/273 18.3 1.12 0.38–3.3 
Boys 51/2532 20.1 39/1776 22.0 0.92 0.61–1.39 
Girls 40/2411 16.6 22/1683 13.1 1.27 0.76–2.13 21–25 
Both 91/4943 18.4 61/3459 17.6 1.04 0.76–1.44 
Boys 60/2887 20.8 35/1802 19.4 1.1 0.71–1.62 
Girls 45/2282 16.8 31/1873 16.5 1.0 0.6–1.6 26–30 
Both 105/5569 18.8 66/3675 18.0 1.05 0.77–1.4 
Boys 28/1241 22.6 16/938 17.1 1.32 0.72–2.4 
Girls 16/1153 13.9 22/869 25.3 0.55 0.29–1.04 31–35 
Both 44/2394 18.4 38/1807 21.0 0.87 0.57–1.34 
Boys 4/479 8.4 13/641 20.3 0.41 0.14–1.25 
Girls 8/457 17.5 4/557 7.2 2.44 0.74–8.0 36 years and older 
Both 12/936 12.8 17/1198 14.2 0.9 0.43–1.9 

Note: * there’s no data on father’s age for 298 children in the main group and 15 children in the comparison group.  
 

Agency of Russia in the form of medical-
sanitary units and clinics [25]. It is also impor-
tant to indicate that the study groups com-
prised only children born and residing in the 
CATU Ozyorsk, that excludes the possibility 
of including cases of perinatal death registered 
in other territories. 

Distribution of the offspring by age of 
parents at childbirth (Table 4) demonstrated 
that among children who died in the perinatal 
period, more than one third of the mothers in 
both groups belonged to the age category of 

21–25 years: 36.8 % (107/291) in the main 
group and 36.4 % (68/187) in the comparison 
group (χ2 = 0.01, p > 0.05). Meanwhile, the 
category of 26–30 years was more frequently 
observed among the fathers: 36.1 % (105/291) 
in the main group and 35.3 % (66/187) in the 
comparison group (χ2 = 0.03, p > 0.05). 

The average age of mothers of stillborn 
children in the main group was 26.8 ± 5 years 
(27.2 ± 5.3 years in the comparison group), 
and the average age of fathers was 27.6 ± 4.6 
(29.2 ± 5.9 in the comparison group). Regard-
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ing live-born children who died in the early 
neonatal period, the average age of mothers 
reached 25.9 ± 5.1 years in the main group and 
26.3 ± 5.8 in the comparison group, and fa-
thers' ages were 27.0 ± 4.7 and 27.8 ± 5.1, re-
spectively. There was no information about 
fathers’ dates of birth for 2 % (298/14,580) of 
children in the main group, 30 of these off-
spring died in the perinatal period. In the com-
parison group, the father's age at the date of 
the child's birth was unknown for 0.14 % 
(15/10,427) of the children, and no cases of 
perinatal death were observed among them. 

The perinatal mortality rate in the main 
group was the highest among male offspring born 
to parents aged 31–35 years (28.1 per 103 in the 
given maternal age category and 22.6 per 103 in 
the paternal age category); in the comparison 
group this rate was the highest among boys born 
to mothers aged 36 and older (31.8 per 103) and 
among girls whose fathers were aged 31–35 years 
(25.3 per 103). However, no statistically signifi-
cant differences in perinatal losses were found 
based on parental age, both when considering 
genders separately and overall in the groups. 

Given the previously noted statistically sig-
nificant difference in the incidence of stillbirths 
among male offspring, additional analysis of 
relative risk was performed in this category, tak-
ing into account parental age as well (Table 5). 

In general, the relative risk of stillbirths was 
higher among male offspring in the main group 

by almost 1.5 times: RR = 1.47 (1.02–2.14). Sta-
tistically significant risk estimates for stillbirths 
were obtained for male offspring with only 
mothers employed at Mayak PA: RR = 2.51 
(1.5–4.21) and for offspring of the mothers ex-
posed to occupational radiation during preg-
nancy: RR = 1.86 (1.2–2.9). 

Assessment of the risk of stillbirths in dif-
ferent age categories of parents demonstrated 
significant statistical differences only in the 
category of paternal age of 31–35 years: still-
births among male offspring in the main group 
were observed three times more often than in 
the control group – RR = 3.2 (CI: 1.08–9.51). 
However, the results of this analysis should be 
interpreted carefully, since there was no infor-
mation on paternal age for 2.3 % (170/7543) of 
the boys in the main group. 

Distribution of the offspring in the main 
group by the year of employment of their par-
ents at Mayak PA demonstrated that 71.7 % of 
mothers and 55.4 % of fathers of stillborn chil-
dren, and 68.5 % of mothers and 39.8 % of fa-
thers of live-born offspring started their work in 
the early period of development of this atomic 
production facility (1948–1953). Most of the 
parents in the main group were employees of 
the radiochemical facility: 42.6 % of mothers 
and 39.9 % of fathers. Maximum doses of pre-
conception external gamma-radiation to the go-
nads reached 4075.6 mGy for mothers and 
5653.1 mGy for fathers, and in utero exposure

T a b l e  5  
Stillbirth rate by parental age at childbirth (male offspring)  

Main group Comparison group   abs. per 103 abs. per 103 RR 95 % CI 

Number of male offspring 86 / 7543 11.4 41/ 5301 7.7 1.47** (1.02–2.14) 
Mothers  

20 years and younger 6/831 7.2 6/750 8.0 0.9 0.29–2.79 
21–25 30/2968 10.1 13/2093 6.2 1.63 0.85–3.11 
26–30 33/2453 13.5 13/1495 8.7 1.54 0.82–2.93 
31–35 15/998 15.0 6/649 9.2 1.63 0.63–4.17 

36 years and older 2/293 6.8 3/314 9.6 0.71 0.12–4.25 
Fathers*  

20 years and younger 1/234 4.3 1/142 7.0 0.61 0.04–9.63 
21–25 24/2532 9.5 15/1776 8.5 1.12 0.6–2.13 
26–30 32/2887 11.1 13/1802 7.2 1.54 0.81–2.92 
31–35 17/1241 13.7 4/938 4.3 3.2** 1.08–9.51 

36 years and older 2/479 4.2 8/641 12.5 0.33 0.07–1.6 

Note: * there’s no data on father’s age for 170 children in the main group and 2 children in the comparison 
group; ** – statistically significant differences with the comparison group.  
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doses made up to 916.1 mGy. ‘Zero dose’ 
meant that a worker was included into Ma-
yak PA workers’ cohort, but no individual 
doses of occupational radiation were re-
corded during the study period. 

Distribution of the offspring who died in 
the perinatal period by the doses of radiation 
exposure of their parents at workplaces 
(Figure 4) demonstrated that parents working 
at Mayak PA were exposed to prolonged oc-
cupational radiation over a wide range of 
doses. 

 
Figure 4. Distribution of offspring by parental 

doses of occupational exposure, mGy: X-axis –  
in utero exposure; Y-axis – preconception exposure 

of the ovaries; Z-axis – preconception exposure  
of the testicles 

Thus, regarding stillborn children the 
median dose of preconception radiation expo-
sure of the mothers made 192.8 mGy (inter-
quartile range 46.7–626.4 mGy), and 225.5 
(102.3–790.7) mGy – of the fathers; in utero 
radiation exposure was 25.0 (9.5–87.2) mGy. 

Distribution of the offspring who died in 
the perinatal period by categories of preconcep-
tion external gamma-radiation doses to the ova-
ries demonstrated that the highest incidence of 
perinatal mortality was observed for doses 
above 1 Gy: among boys – 44.6 per 103, among 
girls – 25.6 per 103, for the offspring of both 
sexes – 35.8 per 103. Distribution of the off-
spring by dose categories of preconception ex-
posure of the testicles prior to conception re-
vealed the highest incidence of perinatal losses 
in the dose range of 500.1–1000 mGy for girls – 
27.5 per 103 and for offspring of both sexes – 
25.6 per 103; and in the dose category of  

100.1–500 mGy for boys – 26.0 per 103. Re-
garding in utero gamma-radiation exposure, the 
highest perinatal mortality rate was observed in 
the dose category of 50.1–100 mGy for girls – 
17.9 per 103 and for offspring of both genders – 
24.8 per 103; and in the dose category of  
20.1–50 mGy for boys – 34.2 per 103. 

Calculation of the relative risk of perinatal 
losses in relation to dose categories of radiation 
exposure of parents in their workplaces demon-
strated significant differences in the preconcep-
tion radiation exposure to ovaries in the dose 
category of over 1 Gy (compared to the control 
group): among boys – 2.25 (1.19–4.25) and for 
both genders – 2.0 (1.19–3.35); and among 
male offspring of the fathers who were exposed 
to preconception radiation in a cumulative dose 
to the gonads from 500.1 to 1000 mGy – 1.72 
(1.05–2.81). The analysis of the risk of perina-
tal mortality among offspring of the mothers 
exposed to radiation during pregnancy did not 
reveal any significant differences from the 
comparison group in all the dose intervals. 

Maximum differences were found in the 
course of a comparative analysis of stillbirths 
(Table 6). Thus, a significant increase of still-
birth risk was registered for male offspring in 
the following dose categories of preconception 
external gamma-exposure of the ovaries:  
0.1–20 mGy – RR = 2.9 (95 % CI: 1.3–6.5), 
100.1–500 mGy – 2.15 (1.1–4.2) and for over-
all observation among boys – 1.87 (1.21–2.92). 
Statistically significant differences against 
control group were obtained in dose category 
over 1 Gy: 3.21 (1.28–8.0) for girls and 2.4 
(1.18–4.98) for the whole group. 

The risk of stillbirths in relation to precon-
ception exposure of the testicles generally did 
not differ from the comparison group. The only 
exceptions were observed among male off-
spring in the main group, the risk of stillbirths 
in the dose categories of 100.1–500 mGy  
and more than 1 Gy significantly exceeded the 
control group values: 1.8 (1.1–2.9) and 1.98 
(1.05–3.75), respectively. 

Analysis of stillbirths regarding in utero 
external gamma-exposure demonstrated that in 
the dose category of 20.1–50 mGy, risk for 
male offspring of the main group was almost 
three times higher than in the control group: 2.8 
(1.3–6.2). Additionally, statistically significant 
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T a b l e  6  
Risk of stillbirth by dose categories of radiation exposure  

(against the offspring of the corresponding gender in the comparison group)  
Main group Comparison group Dose categories, mGy Offspring sex abs. per 103 abs. per 103 RR 95 % CI 

Preconception external gamma-exposure of the ovaries: 
Boys 7/597 11.7 41/5301 7.7 1.50 0.7–3.4 
Girls 5/597 8.4 41/5126 8.0 1.05 0.42–2.64 = 0 
Both 12/1194 10.1 82/10427 7.9 1.28 0.7–2.3 
Boys 7/309 22.6 41/5301 7.7 2.9* 1.3–6.5 
Girls 2/283 7.1 41/5126 8.0 0.88 0.22–3.6 0.1–20 
Both 9/592 15.2 82/10427 7.9 1.93 0.98–3.8 
Boys 2/235 8.5 41/5301 7.7 1.1 0.3–4.5 
Girls 1/184 5.4 41/5126 8.0 0.7 0.1–4.9 20.1–50 
Both 3/419 7.2 82/10427 7.9 0.9 0.3–2.9 
Boys 4/258 15.5 41/5301 7.7 2.0 0.7–5.6 
Girls 2/198 10.1 41/5126 8.0 1.3 0.31–5.2 50.1–100 
Both 6/456 13.2 82/10427 7.9 1.7 0.7–3.8 
Boys 11/663 16.6 41/5301 7.7 2.15* 1.1–4.2 
Girls 5/607 8.2 41/5126 8.0 1.03 0.41–2.6 100.1–500 
Both 16/1270 12.6 82/10427 7.9 1.6 0.94–2.7 
Boys 3/266 11.3 41/5301 7.7 1.46 0.45–4.7 
Girls 2/264 7.6 41/5126 8.0 0.95 0.23–3.9 500.1–1000 
Both 5/530 9.4 82/10427 7.9 1.2 0.5–2.9 
Boys 3/224 13.4 41/5301 7.7 1.7 0.5–5.5 
Girls 5/195 25.6 41/5126 8.0 3.21* 1.28–8.0 1000.1 and more 
Both 8/419 19.1 82/10427 7.9 2.4* 1.18–4.98 
Boys 37/2552 14.5 41/5301 7.7 1.87* 1.21–2.92 
Girls 22/2328 9.5 41/5126 8.0 1.18 0.71–1.98 Total 
Both 59/4880 12.1 82/10427 7.9 1.54* 1.1–2.15 

Preconception external gamma-exposure of the testicles: 
Boys 6/1016 5.9 41/5301 7.7 0.76 0.33–1.8 
Girls 6/952 6.3 41/5126 8.0 0.8 0.34–1.85 = 0 
Both 12/1968 6.1 82/10427 7.9 0.77 0.42–1.4 
Boys 7/649 10.8 41/5301 7.7 1.4 0.63–3.1 
Girls 5/662 7.6 41/5126 8.0 0.94 0.37–2.4 0.1–20 
Both 12/1311 9.2 82/10427 7.9 1.16 0.64–2.1 
Boys 4/595 6.7 41/5301 7.7 0.87 0.3–2.4 
Girls 4/564 7.1 41/5126 8.0 0.89 0.32–2.5 20.1–50 
Both 8/1159 6.9 82/10427 7.9 0.88 0.43–1.8 
Boys 1/652 1.5 41/5301 7.7 0.2 0.03–1.4 
Girls 3/641 4.7 41/5126 8.0 0.6 0.18–1.9 50.1–100 
Both 4/1293 3.1 82/10427 7.9 0.4 0.14–1.1 
Boys 27/1962 13.8 41/5301 7.7 1.8* 1.1–2.9 
Girls 15/1821 8.2 41/5126 8.0 1.03 0.6–1.86 100.1–500 
Both 42/3783 11.1 82/10427 7.9 1.4 0.98–2.0 
Boys 7/755 9.3 41/5301 7.7 1.2 0.54–2.7 
Girls 10/692 14.5 41/5126 8.0 1.81 0.91–3.6 500.1–1000 
Both 17/1447 11.7 82/10427 7.9 1.5 0.9–2.5 
Boys 12/783 15.3 41/5301 7.7 1.98* 1.05–3.75 
Girls 5/724 6.9 41/5126 8.0 0.86 0.34–2.2 1000.1 and more 
Both 17/1507 11.3 82/10427 7.9 1.4 0.85–2.4 
Boys 64/6412 10.0 41/5301 7.7 1.29 0.87–1.91 
Girls 48/6056 7.9 41/5126 8.0 0.99 0.65–1.5 Total 
Both 112/12468 9.0 82/10427 7.9 1.14 0.86–1.52 
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T h e  e n d  o f  T a b l e  6   
In utero external gamma-exposure: 

Boys 15/906 16.6 41/5301 7.7 2.14* 1.2–3.85 
Girls 11/898 12.3 41/5126 8.0 1.5 0.8–2.97 = 0 
Both 26/1804 14.4 82/10427 7.9 1.83* 1.18–2.8 
Boys 6/770 7.8 41/5301 7.7 1.0 0.43–2.4 
Girls 8/649 12.3 41/5126 8.0 1.54 0.73–3.3 0.1–20 
Both 14/1419 9.9 82/10427 7.9 1.25 0.71–2.21 
Boys 7/322 21.7 41/5301 7.7 2.8* 1.3–6.2 
Girls 2/276 7.2 41/5126 8.0 0.91 0.22–3.73 20.1–50 
Both 9/598 15.1 82/10427 7.9 1.91 0.97–3.8 
Boys 4/220 18.2 41/5301 7,7 2.35 0.85–6.5 
Girls 1/223 4.5 41/5126 8.0 0.56 0.1–4.1 50.1–100 
Both 5/443 11.3 82/10427 7.9 1.4 0.6–3.5 
Boys 5/337 14.8 41/5301 7.7 1.9 0.76–4.82 
Girls 1/286 3.5 41/5126 8.0 0.44 0.1–3.2 100.1–500 
Both 6/623 9.6 82/10427 7.9 1.22 0.54–2.8 
Boys -/12 - 41/5301 7.7 - – 
Girls -/14 - 41/5126 8.0 - – 500.1 and more 
Both -/26 - 82/10427 7.9 - – 
Boys 37/2567 14.4 41/5301 7.7 1.86* 1.2–2.9 
Girls 23/2346 9.8 41/5126 8.0 1.23 0.74–2.04 Total 
Both 60/4913 12.2 82/10427 7.9 1.55* 1.12–2.16 

 
Note: * – statistically significant differences from the comparison group.  
 

differences were observed in the overall group, 
in boys – 1.86 (1.2–2.9), and in both sexes – 
1.55 (1.12–2.16), as well as in the category of 
"zero" doses: in boys – 2.14 (1.2–3.85), and in 
both genders – 1.83 (1.18–2.8). 

Analysis of the relative risk of early neo-
natal mortality demonstrated significant differ-
ences from the control only for male offspring 
of the mothers exposed to preconception ex-
ternal gamma-radiation with cumulative doses 
exceeding 1 Gy: 2.6 (1.21–5.6). 

Direct comparison of the obtained risk esti-
mates in relation to dose categories with literary 
data is challenging since the cohort of Mayak PA 
workers is characterized by high doses of pro-
longed occupational radiation exposure, as op-
posed to other research groups. Cumulative pre-
conception doses of external gamma-exposure to 
the gonads exceeding 1 Gy was registered in 419 
(2.9 %) mothers and 1507 (10.3 %) fathers of the 
offspring in the main group. 

Most research works describe the risks of 
perinatal losses in the category of low doses. For 
example, a study of the reproductive health of 
employees at four nuclear power plants 
(Smolensk, Kursk, Kalinin, and Novovoronezh) 
did not show any effect of occupational radiation 
exposure on health of newborn children in fami-

lies of male personnel with calculated accumu-
lated individual preconception radiation doses 
under 30 mSv [26]. The authors plan to follow 
up the reproductive health of a small group of 
male personnel at nuclear power plants whose 
accumulated effective doses may exceed 100 mSv. 
According to S. Yasuda et al. [27], an analysis of 
perinatal outcomes among women survivors of 
the nuclear accident at the Fukushima Daiichi 
nuclear power plant, with an average external 
radiation dose of 0.5 mSv (maximum 5.2 mSv), 
did not show any interrelation with congenital 
anomalies, low birth weight, immaturity at ges-
tational age, or preterm births. 

However, regarding the categories of pro-
longed radiation exposure in the course of ra-
diotherapy, in a cohort analysis among chil-
dren of patients who had cancer in childhood 
L.B. Signorello et al. [28] note that exposure 
of ovaries and uterus significantly increased 
the risk of stillbirths and of neonatal death at 
doses exceeding 10 Gy (9.1 [3.4–24.6]). The 
authors point out that if girls had received 
treatment before menarche, radiation exposure 
of ovaries and uterus at doses of 1.00–2.49 Gy 
significantly increased the risk of stillbirth or 
neonatal death (4.7 [1.2–19.0]). Practical ra-
diation protection system recommended by the 
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International Commission on Radiological 
Protection (ICRP) supports embryonic predis-
position to lethal radiation effects during the 
preimplantation period of embryonic devel-
opment but notes that such lethal effects are 
very rare at doses below 100 mGy [29]. 

Beyond all doubt, the multi-factor nature 
of perinatal losses significantly complicates 
risk assessment and expands the list of possi-
ble parameters for studying this issue. Scien-
tific literature presents a wide range of adverse 
risk factors for children health, including such 
medical and biological factors as abortion an-
amnesis, birth order, the course of pregnancy, 
and the mother's health status [30, 31]. Obstet-
ric and extragenital pathologies complicate the 
course of antenatal period and lead to devel-
opment of various pathologies in the fetus, as 
well as increase the risk of pathology during 
the neonatal period and at older age [32, 33]. 

The polyetiological nature of deviations in 
the perinatal period emphasizes the importance 
of studying the health of offspring of Mayak 
PA workers, taking into account the medical 
and social aspects in closed administrative-
territorial units (CATU) [34, 35]. Issues of pre-
conception exposure of parents not related to 
their occupation, such as effects of low doses of 
diagnostic radiation exposure, is also an object 
of scientific interest [36]. The Ozyorsk Chil-
dren’s Health Registry of CATU population is 
being actively expanded at the moment that will 
allow performing a multi-factor analysis of 
perinatal mortality in the nearest future. 

Further analyses of perinatal losses in this 
sample are planned in the following directions: 
factor analysis in a cohort of offspring, taking 
into account non-radiation factors, comparison 
of perinatal mortality incidence and its struc-
tural components among the offspring of  
Mayak PA workers with regional and national 
statistics, and a dose-response analysis defin-
ing risk coefficients for perinatal losses in the 
offspring of Mayak PA workers based on ac-
cumulation rates of cumulative doses of occu-
pational radiation exposure of their parents. 

Conclusions. This retrospective epide-
miological study was performed in a cohort of 
25,007 children, 14,580 of them were the off-
spring of Mayak PA workers exposed to pro-
longed occupational radiation. An analysis of 

perinatal losses and their structural compo-
nents (stillbirths and early neonatal mortality) 
was performed in comparison to a group of 
offspring of the parents who were not ex-
posed to radiation at work (n = 10,427). 

The study resulted in the following con-
clusions: 

– during the period from 1949 to 1973, a 
total of 291 cases of perinatal mortality were 
registered in the main group, with no statisti-
cally significant differences compared to the 
control group (187 cases), χ2 = 1.32, p > 0.05; 

– there was a significant increase of still-
birth rate among male offspring in the main 
group (11.4 per 103 compared to 7.7 per 103 in 
the comparison group, χ2 = 4.27, p = 0.038), 
owing to the children with only mothers ex-
posed to preconception occupation radiation 
(χ2 = 13.19, p = 0.0003) and to the offspring 
exposed in utero (χ2 = 7.86, p = 0.005); 

– analysis of the relative risk of perinatal 
losses by calendar periods showed significant sta-
tistical differences only for the period of 1949–
1953 when stillbirth rates and perinatal mortality 
in the main group substantially exceeded those in 
the comparison group: RR = 2.69 (1.46–4.95) and 
2.12 (1.38–3.28), respectively; 

– in the structure of perinatal mortality, 
intrauterine fetal death among the boys of the 
main group was statistically significantly more 
frequent than in the comparison group: 2.9 per 
103 vs 0.9 per 103, F-test = 0.018; 

– relative risk of stillbirths among male 
offspring in the main group was 1.5 times 
higher than that in the comparison group:  
RR = 1.47 (1.02–2.14); 

– a high risk of stillbirths was observed 
among male offspring, where only mother was 
a Mayak PA worker: RR = 2.51 (1.5–4.21), 
and among the offspring of the mothers ex-
posed to occupational radiation in the course 
of their pregnancy: RR = 1.86 (1.2–2.9); 

– statistically significant risk estimates of 
stillbirths in different parental age categories 
were obtained for male offspring of the main 
group in paternal age category of 31–35 years: 
RR = 3.2 (CI: 1.08–9.51), but this conclusion 
is based on the number of offspring with 
known dates of birth of their fathers; 

– assessment of the risk of perinatal losses 
in the categories of preconception and in utero 
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gamma-exposure demonstrated significant sta-
tistical differences in certain dose intervals 
with the offspring of unexposed parents. 
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WEST NILE FEVER AS A RELEVANT HEALTH HAZARD:  
THE HISTORY OF STUDYING AND MEASURES OF ITS PREVENTION IN RUSSIA 

A.V. Toporkov, E.V. Putintseva, S.K. Udovichenko  
Volgograd Scientific Research Anti-Plague Institute, 7 Golubinskaya St., Volgograd, 400131, Russian Federation 
 

 
The review generalizes data on West Nile fever manifestations in Russian between 1963 and 2022. Researchers have deter-

mined peculiarities of the endemic process typical for this arboviral infection: cyclic rises in incidence with an interval of 1 to 
8 years; the disease cases being predominantly registered in the south of the European part of the country; elevated risks of the 
disease for people aged 60 years and older; most West Nile fever cases without affecting the central nervous system with a continu-
ous steady increase in the share of neuroinvasive forms. There are ongoing discussions of a considerable growth in an area where 
West Nile fever spreads as the incidence of the disease has been registered in Central Russia and this calls for assessment studies 
aimed at determining the northern borders of the infection area. The reviewed studies also systematize data on the WNV carriers 
and vectors and highlight the necessity to conduct large-scale experimental studies with their focus on examining susceptibility of 
various species of vertebrates and arthropods to the West Nile virus and assessing the efficiency of its transmission. The West Nile 
virus population that circulates in Russia has been shown to be heterogeneous and represented by the genotypes 1, 2, and 4, of 
which the genotype 2 is prevailing at present. The review also provides the findings of our own research with its focus on the ge-
nomes of the West Nile virus isolates indicating circulation of various genetic variants of the pathogen belonging to the genotype 2. 
The reviewed studies consider issues related to establishing epidemiological surveillance and sanitary-anti-epidemic (preventive) 
measures regarding West Nile fever in Russia and the principles of their organization at the present stage.  

Keywords: West Nile fever, epidemic process, epidemiological situation, carriers and vectors, West Nile virus, epide-
miological surveillance, preventive measures. 
 

 
West Nile fever (WNF) was discovered in 

1937 and at first manifested itself as some iso-
lated outbreaks of an acute feverish (influenza-
like) disease in African countries. But in the 
second half of the 20th century, the disease 
spread beyond its historical area and occurred 
in the Middle East, Southern Asia, and then 
Europe [1–3]. In the middle 1990s, the WNF 
epidemiological situation changed considera-
bly involving both extensive and intensive 
manifestations of the disease worldwide. Rela-
tively large WNF outbreaks involving severe 
neurological symptoms and deaths were de-
tected in Northern and Eastern Africa (Algeria 
in 1994 and 1997, Morocco and Tunis in 1996, 

Sudan in 2002),  Middle East (Israel, 2000), 
and some European countries (Romania in 
1996 and Russia in 1999) [2, 4–6]. In 1999, 
the West Nile virus (WNV) reached the West-
ern Hemisphere for the first time where it 
caused a meningoencephalitis outbreak in the 
USA. It took WNF only three years to spread 
rapidly throughout the USA and then border 
areas of Canada and Mexico as well as Central 
and Southern America countries [1, 7]. 

This rapid growth in the WNF area, oc-
curring outbreaks with severe cases and high 
case fatality rate (reaching 14 %) as well as 
absence of any specific treatment or preven-
tion [8] were major arguments for assigning 
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the infection to a group of potential threats to 
the global healthcare and this was fixed in the 
International Health Regulations (2005) [9].  

In Russia, WNF is considered a significant 
concern for the national epidemiological sur-
veillance given its all-round prevalence and an-
nually registered incidence, outbreaks included.  

The aim of this study was to generalize data 
on WNF epizootic and epidemiological aspects in 
Russia and organization of the system for epide-
miologic surveillance and control over it. 

The history of WNF studies in Russia and 
peculiarities of epidemic process manifesta-
tions. The first direct evidence of WNF occur-
rence was obtained in Russia in 1963. Back then, 
experts from the Institute of Poliomyelitis and 
Viral Encephalitis of the USSR Academy of 
Medical Sciences headed by the Academician 
M.P. Chumakov and personnel of the Astrakhan 
Regional Sanitary-Epidemiological Station iso-
lated WNV strains from larvae and nymphs of 
Hyalomma plumbeum plumbeum Panz (H. mar-
ginatum) ticks when investigating foci of Cri-
mean-Congo hemorrhagic fever in the Astrakhan 
oblast [10]. We have reason to believe that 
WNV had been circulating in Russia even prior 
to that year; however, its presence could only be 
evidenced due to development of virologic and 
serological identification techniques. In 1965, 
A.M. Butenko with colleagues established the 
identity of three WNV strains isolated in 1963 
and Egypt 101 prototype strain; given that, the 
‘Astrakhan’ virus was assigned into the African-
Middle East group [10, 11]. Further research in 
the Astrakhan oblast gave evidence of human 
and animal contacts with the WNV vectors as 
well as of existing natural foci of the disease. 
This indicated the necessity to investigate WNF 
prevalence in Russia. 

In the following years, the Center for Virus 
Ecology of the Ivanovskiy Institute of Virology 
in cooperation with relevant support stations 
performed extensive monitoring investigations 
covering 35 administrative territories and ap-
proximately 14 thousand people. This wide-
scale research was performed largely due to 
efforts by D.K. Lvov, an outstanding Soviet and 
Russian virologist. As a result, WNF was 
proven to be circulating in southern and central 
regions of the European part of Russia, south of 

Western Siberia and the Far East [11–13]. Out 
of all the examined territories, WNV infection 
was the most active in the Volga Delta where 
the share of people with the immunity to the 
disease reached 50 % of local population [12]. 

Despite convincing evidence of WNV be-
ing widely spread in Russia, only isolated dis-
eases cases were registered in the country over 
many years. First WNF cases were confirmed 
by laboratory tests in 1967 in the Astrakhan 
oblast. Six out of 12 infected patients had signs 
of the central nervous system (CNS) involve-
ment and one patient died. This death drew a lot 
of attention by experts since WNF was consid-
ered a relatively mild infection [11, 14]. Prior to 
those events, neuroinvasive WNF cases were 
described only once during the 1957 Israel out-
break (49 cases overall, 16 of them involved the 
CNS, and the case fatality rate was 8.2 %) [2]. 

Later on, some singleton WNF cases were 
detected only in the Astrakhan oblast (one in 
1989, 10 in 1990–1996, 8 in 1997, and 9 in 
1998) [11, 15] since there was ongoing scien-
tific research in the region with its aim to in-
vestigate the infection; starting from 1997, the 
State Sanitary Service included laboratory 
tests to identify WNF markers in patients with 
acute fevers into its routine practices.  

The first serious WNF outbreaks were de-
tected in 1999 in southern regions of the coun-
try when 475 cases were officially registered 
in the Volgograd oblast (380) and Astrakhan 
oblast (95). In the same year, 85 WNF cases 
were retrospectively confirmed in the Krasno-
dar Krai, although they were not included into 
the official statistical reports [12, 15].  

When analyzing WNF manifestations in 
the Volgograd and Astrakhan oblast, we should 
note some considerable differences between 
them. Thus, 87 % of hospitalized patients in the 
Volgograd oblast had CNS involvement and the 
case fatality rate reached 10 % among them. 
Attention should also be paid to a high specific 
share of children younger than 14 years among 
the infected (16 %) [16], which was higher than 
in all the following rises in WNF incidence in 
Russia. In the Astrakhan oblast, while moderate 
and severe cases prevailed in the clinical pic-
ture, the share of neuroinvasive cases equaled 
36.8 % and the case fatality rate was 5.3 %.  
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Experts believed this relatively low incidence 
and milder disease cases could be explained by 
considerable part of the Astrakhan oblast popu-
lation being immune to WNV due to long-term 
WNF circulation in the region [14].  

However, it is noteworthy that results of 
earlier serological tests in the Volgograd oblast 
indicated some contacts between the local 
population and the WNV. There was also evi-
dence that the WNV caused disease cases in 
the Volgograd oblast with CNS involvement in 
July – August 1997 and August – early Sep-
tember 1998, that is, prior to official registra-
tion of the WNF incidence in 1999 [16]. Since 
in 1999 laboratory tests were conducted only 
among hospitalized patients in the region, we 
have reason to assume that there were a lot of 
non-diagnosed influenza-like WNF cases; the 
latter could influence the case fatality rate and 
the share of neuroinvasive cases. In 1999, the 
disease in southern Russia was caused by 
WNV strains of different origins (the homol-
ogy between them was 96.2–96.4 %). A strain 
from the Astrakhan oblast was the closest to 
strains from the same cluster that were isolated 
in Tunis (1997) and Hungary (2003); a strain 
from the Volgograd oblast was the closest to 
that isolated in Romania (1996) [17]. Differ-
ences in the genome structures of WNV iso-
lates responsible for the pathogenic properties 
of the virus could also be a reason for the dis-
ease manifesting itself with different severity.  

In 2000–2009, the WNF incidence was 
annually registered in the Astrakhan oblast and 
almost every year in the Volgograd and Rostov 
(starting from 2000) oblasts; in 2006 it was also 
first confirmed in the Ulyanovsk oblast. During 
this period, incidence higher than the average 
long-term levels was detected in 2005 in the 
Astrakhan oblast (73 cases, 4 deaths) and in 
2007 in the Volgograd oblast (63 cases, 
2 deaths); in the latter oblast, an etiological re-
lation was established between the disease 
cases and the WNV of genotype 2, which was 
identified in the region for the first time. 

The second rise in the WNF incidence oc-
curred in Russia in 2010; the total number of 
disease cases was 524 identified in six regions: 
the Volgograd oblast (413, 5 deaths), Rostov 
oblast (59, 1 death), the Astrakhan oblast (12) 

and for the first time the Voronezh oblast (27), 
Chelyabinsk oblast (1) and Kalmykia (1). By 
that time, 19 RF regions had officially notified 
of the WNV circulation [15].  

The aforementioned outbreak in the Vol-
gograd oblast became the largest WNF out-
break in Russia over the whole observation 
period. In contrast to the events of 1999, the 
specific share of neuroinvasive cases went 
down (5.1 %) as well as the share of children 
younger than 14 among the infected patients 
(2 %); the case fatality rate was also relatively 
low (1.2 %). The disease was caused by the 
WNV of genotype 2 with the 99.6 % homol-
ogy to the isolate circulating in 2007. 

The incidence and clinical course had 
similar structure in the Rostov and Astrakhan 
oblasts. Predominantly young people were in-
volved into the epidemic process in those 
oblasts where WNF cases were detected for 
the first time; also, the share of neuroinvasive 
cases tended to be high there but outcomes 
were favorable [15]. 

The next rise in the WNF incidence oc-
curred in 2012 with 453 registered cases in 21 
RF regions and markers of the infectious agent 
identified already in 53 regions in the country. 
The analysis of territorial distribution of WNF 
cases in 2012 revealed that most infected peo-
ple (73 %) lived in southern Russia, namely 
the Volgograd (211 cases), Astrakhan (72), 
and Rostov (48) oblasts. In 2012, neuroinva-
sive WNF forms were identified in 17.2 % of 
the cases and this was higher than in 2010. The 
growth in this indicator was caused by high 
frequency of neuroinvasive cases in ‘new’ 
foci. Influenza-like WNF prevailed on those 
territories where WNV had been circulating 
earlier. The case fatality rate was 1.0 % in 
2012 and this level was comparable with 2010. 
Urban residents prevailed among infected pa-
tients (68.8 %) but still the share of rural resi-
dents grew from 19 % in 2010 to 31.2 % in 
2012. This might indicate that the WNF diag-
nostics improved in healthcare organizations 
in rural areas. 

The last known rise in the WNF incidence 
was detected in Russia in 2019 (352 cases in 
14 RF regions). The greatest number of cases 
was established in the Krasnodar Krai (120), 
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Rostov oblast (93), and Astrakhan oblast (81). 
The WNF epidemic process had certain pecu-
liarities in 2019, in particular, higher shares of 
clinical forms with the CNS involvement 
(29 %) and cases when people got infected by 
mosquitos that had survived a winter season 
and basement mosquitos (in early April and 
late November). In total, 67 % of the WNF 
cases in Russia were identified in urban resi-
dents. Children and adolescents younger than 
14 years accounted for 1.7 % of all the in-
fected people. The WNF case fatality rate was 
1 % in 2019 in Russia.  

In 2020–2022, the recorded WNF inci-
dence was not higher than its average long-
term levels; this was mostly due to a drastic 
decrease in volumes of diagnostic WNF tests 
performed among patients treated at out- and 
in-patient healthcare organizations.  

 Overall, 3072 WNF cases were officially 
established in Russia between 1997 and 2022, 
including 83 deaths. The intensity of the WNF 
epidemic process in its long-term dynamics 
tends to grow slightly (Figure 1) and the WNF 
incidence tends to rise within a range between 
1 and 8 years. 

The cyclicity of the WNF epidemic proc-
ess established in Russia is rather different from 
other WNF-endemic countries. The fluctuations 
in the WNF incidence tend to be within  
4–6 years in Canada, 3–5 years in the USA, and 
3–4 years in Italy as a European country where 
the situation with WNF is the most unfavorable. 
Given these data, we can assume that in Russia 
the detected WNF incidence is influenced by 
social factors, namely, volumes and quality of 
medical examinations provided for patients 
with symptoms similar to WNF.  

Territorial analysis of the WNF incidence 
shows that the disease cases tend to be distrib-
uted heterogeneously. Out of all the infected 
patients, 84 % live in southern Russia; the epi-
demic process tends to be the most active in 
the Volgograd oblast (43.1 % of the cases), 
Astrakhan oblast (22.6 %), and Rostov oblast 
(10.8 %). However, the WNF cases have been 
registered more frequently in central Russia in 
recent years (75 % in 2021 and 51 % in 2022). 
Local WNF cases were established in 31 RF 
regions, including 7 new ones in 2021–2022 
located both in central and northern Russia, 
such as the Tula, Tver, Vladimir, and Tambov 
oblasts, Moscow (capital), and the Khanty-
Mansi Autonomous Area. Major reasons un-
derlying all the aforementioned peculiarities 
include climate change (global warming) that 
creates favorable conditions for growing num-
bers of WNF vectors, more intense virus ac-
cumulation in them and more effective trans-
mission, and social interventions, namely, 
more intensive monitoring over the WNV con-
ducted by the Reference center on some of the 
aforementioned territories. 

The WNF incidence indicates that the in-
fection is distinctively seasonal active between 
June and October with its peaks in August 
(45.6 %, 95 % CI: 43.42‒47.78; p < 0.001) and 
September (38.1 %, 95 % CI: 35.98‒40.22;  
p < 0.001). An average epidemic season lasts 
for 21.08 ± 3.75 weeks. 

People aged 60 years and older tend to 
prevail among WNF-infected patients; the 
share of this age group is 31.9 % of all the de-
tected cases. High specific weight of this age 
group is associated with more severe clinical 
course of the disease in it, which makes elderly

 
Figure 1. The WNF incidence in dynamics in Russia in 1997–2022 
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patients apply for medical aid. The lowest con-
tribution to the WNF incidence belongs to 
children (6 % on average with its maximum 
value of 19 % established in 2014). Men get 
infected 1.3 times more frequently than 
women (men account for 56.7 % among the 
infected patients, 95 % CI: 41.36‒45.23). 
WNF infected people are mostly urban resi-
dents (76.1 %, 95 % CI: 74.39‒77.81). 

The analysis of clinical manifestations re-
vealed prevalence of the influenza-like WNF 
form (76.7 %). However, the number of cases 
with the CNS involvement has been growing 
steadily over the last decade (y ꞊ 1.5049x + 
15.012). Moderate WNF forms are established 
most frequently (72.8 %); mild forms account 
for 16.3 % of all the detected cases; severe, 
10.9 %. The average case fatality rate is 2.7 %; 
it varies between 1 and 11 % in some years (its 
maximum was established in 2009). 

Monitoring of the WNF agent revealed its 
circulation in 77 RF regions over 1997–2022 
(Figure 2). Still, it should be noted that the 
WNF area does not have any well-established 
borders in Russia since any data on people 
with the immunity to the WNV or identifica-
tion of WNV markers (antigens) in vectors and 
carriers are not reliable enough on territories 
that are endemic as per tick-borne viral en-
cephalitis. No diagnostics tests to differentiate 
the WNV from other flaviviruses are con-
ducted when such positive results are estab-
lished in serological reactions. It is still rele-

vant to try to identify the northern borders of 
the infection area where local (permanent or 
temporary) WNF foci would appear in case the 
WNV virus was brought there. 

Basic reservoirs and vectors. Birds are 
known to be the basic component in the WNV 
circulation. Birds do not only serve as natural 
reservoirs of the infection but also, considering 
their ability to migrate, facilitate the WNV 
spread onto new (previously non-endemic) ter-
ritories as well as bring new (changed) genetic 
variants of the virus into Russia. 

According to the results obtained by 
monitoring of the WNF agent in Russia, the 
WNV markers have been identified in more 
than 60 bird species from such orders as pas-
serines (Passeriformes), charadriiforms (Cha-
radriiformes), waterfowls (Anseriformes), 
piciforms (Piciformes), falconiforms (Falconi-
formes), and some other bird orders that live 
on water or near it. The number of bird species 
involved in the WNV circulation appears to be 
considerably higher in Russia since more than 
300 bird species with confirmed WNV infec-
tion have been established in the USA [7]. 

In the lower Volga Delta, high levels of 
the WNV contamination have been established 
in cormorants (8.2 %), bald-coots (6.1 %), and 
great crested grebes (6.3 %); lower ones, in 
gulls and terns. In the middle Volga Delta, 
similar levels were identified in bald-coots, 
herons, gulls, and terns whereas the level was 
considerably higher in cormorants and reached 

 

Figure 2. Estimated ranking of the Russia territory to identify evidence of the WNF epizootic  
and epidemic processes 
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21.2 % [18, 19]. The same bird species have 
often turned out to be infected in other regions 
in southern Russia (the Volgograd and Rostov 
oblasts, the Krasnodar and Stavropol Krai) and 
Volga Region (the Saratov oblast) [15, 20, 21].  

In anthropogenic biocenoses, the WNV is 
carried by hooded crows, rooks, jackdaws, jays, 
blue rock pigeons, and sparrows; their high 
populations result in the infection spread among 
synanthropic mosquitos and people [11, 15, 21]. 
Thus, the WNV contamination in crows reached 
17.4 % in anthropogenic biocenoses in the Volga 
Delta; this allows concluding that crows play a 
significant role in the WNV circulation [19]. 

In Western Siberia, WNV RNA and / or 
AG have been established in bluetails, field-
fares, rubythroats, starlings, tree sparrows, sand 
martins, European teals, garganeys, rooks, 
hooded crows, great tits, common redstarts, 
woodcocks, nuthatches, millerbirds, willow 
wrens, garden warblers, red-wings, chaffinches, 
lesser whitethroats, chiffchaffs, yellow bun-
tings, willow tits, and common bullfinches [22]; 
in the Far East, in European teals, falcated 
ducks, black vultures, Egyptian herons, com-
mon magpies, large-billed crows, black-tailed 
gulls, tits, and yellow buntings [23, 24].  

The role all the aforementioned bird spe-
cies play in the WNV transmission still remains 
unclear since the species composition and bird 
populations have not been identified on every 
territory; geography of wintering grounds and 
migration roots has not been analyzed system-
atically; there have been no experimental stud-
ies to identify species-related susceptibility to 
the WNV, levels or duration of viremia.  

It is worth noting that the data presented in 
this study have been derived by research con-
ducted in some separate areas in Russia. Sched-
uled monitoring activities performed by the RF 
Sanitary Service practically never identify any 
WNV carriers. No mass epizooties or bird deaths 
are established in Russia, though such events are 
regularly reported in the USA and Europe. Re-
search articles provide only some singleton (un-
official) mentions of mass bird deaths prior to 
the WNF outbreaks in 1999 in the Volgograd 
and Astrakhan region and in 2021 in Moscow. 
This indicates that interactions and data ex-
change between the RF Sanitary and Veterinary 
Services are not effective enough. 

As for other vertebrates, the WNV markers 
have been identified in rodents (in European 
Russia, in common voles, bank voles, red-
backed mice, house mice, small field mice, yel-
low-necked mice; in Western Siberia, meadow 
mice, red-backed mice, narrow-sculled voles, 
sagebrush voles, root voles, house mice, field 
mice, harvest mice, and musquashes; in the Far 
East, in Daurian sousliks and East-Asian mice) 
as well as in insect-eaters (hedghogs, common 
shrews, tundra shrews, small shrews, lesser 
shrews, brown-toothed water shrews), carni-
vores (weasels), and lagomorphs (brown hares 
and Daurian piping hares) [15, 20, 21, 24, 25]. 
Among small mammals, rodents seem the most 
likely to play a role in the WNF circulation 
since they tend to be feeders for many tick spe-
cies. This assumption is evidenced by all the 
tick metamorphosis stages caught on small ro-
dents being infected with the WNV [26]. At the 
same time, there have been no experimental 
studies aimed at examining viremia levels, du-
ration of the WNV persistence in rodents and 
other small mammals or effectiveness of the 
virus transmission by vectors in the process of 
blood sucking. This is rather unfortunate since 
such experiments would be able to shed some 
light on significance of such species in preser-
vation of the WNF agent.   

Some data have been derived over the long-
term observation period, which confirm some 
intensive contacts between large mammals and 
the WNV on some territories in Russia. The 
share of farm animals with immunity to the 
WNV on average amounted to 16.3 % in the 
Volga Delta (32.5 % in horses; 10 %, cattle; 
10.7 %, camels); 11 % in the Central Russia 
(horses in the Kursk oblast); 8.5 % in the West-
ern Siberia (9.2 % in horses and 7.8 % in caws in 
the Novosibirsk oblast); 7.6 % in the Far East 
(Primorskij Krai) [19, 24, 27]. Therefore, farm 
animals can be used as an eligible indicator of 
active WNV circulation on examined territories. 
It is noteworthy that monitoring of farm animals 
is not actually conducted in Russia (examinations 
are performed annually only in 1 or 3 regions). 

Apart from rodents, the WNV (genotype 4) 
contamination has been also identified in am-
phibians such as marsh frogs Rana ridibanda 
that are feeders for some blood-sucking mos-
quitos including Uranotaenia inguiculata [28]. 
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Blood-sucking mosquitos are primary 
WNV vectors on endemic territories in Russia. 
Out of 100 species of blood-sucking mosquitos 
inhabiting Russia, the WNV markers have been 
identified in the following ones: Culex modes-
tus Fic., Сх. pipiens L. (non-autogenic Сх. 
pipiens f. pipiens and autogenic Сх. pipiens f. 
molestus), Anopheles maculipennis Mg., An. 
claviger Mg., An. hyrcanus Pall., An. messeae 
Pall., Aedes cinereus Mg., Ae. geniculatus 
Oliv., Ae. vexans Mg., Ae. caspius Pall., Ae. 
pulchritarsis Rond., Ae. albopictus Sk., Ае. 
cataphylla Dyar, Ae. flavescens Mull., Ae. ex-
crucians Walk., Ae. cantans Mg., Culiseta an-
nulata Schr., Coquillettidia richiardii Fic., and 
U. unguiculata Edw. [15, 19–21, 29, 30]. The 
WNV contamination identified in all the afore-
mentioned mosquito species gives solid evi-
dence of their active participation in the WNV 
circulation; however, epidemiologic signifi-
cance of specific vectors as well as their com-
petence (effectiveness) remains unexplored. 

The results derived by long-term explora-
tory WNF research in some separate areas in 
southern Russia allow concluding that all the 
dominating mosquito species become involved 
into the WNV circulation. The Astrakhan 
oblast model was used as an example to show 
that Сх. pipiens, An. hyrcanus, Coq. richiardii, 
An. Messeae were likely epidemically signifi-
cant vectors in anthropogenic biocenoses and 
An. hyrcanus, Coq. richiardii acted as such in 
natural biocenoses [19]. In the Volgograd 
oblast, another active WNF focus, high levels 
of the WNV contamination were identified in 
such species as Cx. modestus, Cx. pipiens, 
к. An. maculipennis, An. hyrcanus. As regards 
Cx. pipiens, the WNV was confirmed to be 
likely to persist during an inter-epidemic pe-
riod in wintering mosquito populations.  

Obviously, this list of the WNV carriers is 
not complete since blood-sucking mosquito fauna 
that inhibits different climatic-geographical zones 
in Russia is scarcely studied; local mosquito 
populations that have not yet been covered by 
‘research area’ are likely to play an active role in 
the WNF epidemic and epizootic processes. 

In Russia, WNF circulation is also facili-
tated by ticks, gamasid ticks and argasid ticks. 
The WNV markers (antigens, RNA) and isolates 
have been established in 12 tick species, most 

frequently in southern Russia in such species as 
Hyalomma marginatum, H. scupense, Rhipi-
cephalus rossicus, Dermacentor reticulatus [15, 
20, 21]. In some years, the WNV contamination 
in H. marginatum ticks was much higher than in 
mosquitos in anthropogenic biocenoses located 
in the Volga Delta (0.48 % and 0.047 % respec-
tively). In addition, crows turned out to be highly 
contaminated with H. marginatum tick larvae 
and nymphs (up to 300 units on one bird); given 
all the above stated, this may indicate a signifi-
cant role that belongs to ticks in preserving 
WNF population [19]. 

In Western Siberia, the WNV markers 
have been most frequently detected in ornitho-
philic ticks Ixodes persulcatus, I. pavlovskiy. 
As regards these two species, their ability to 
infect with the WNF agent and to perform its 
trans-phase transmission was experimentally 
proven as far back as in 1970es. Research data 
indicate that epizootic activity of WNF foci is 
largely maintained due to nidicoles, arthropods 
feeding on colonial nesting birds [30].  

Circulating WNV genotypes. The WNV 
of genotypes 1, 2, and 4 (WNV01, WNV02, 
and WNV04) is reliably established to circulate 
in Russia [15, 17, 23, 26, 28, 31]. The WNV01 
has been identified in different years in the As-
trakhan, Volgograd, Voronezh, Omsk, Novosi-
birsk, Tomsk, and Kurgan oblasts; in Ingushetia 
and Mordovia Republics; in Primorskii, Altai, 
Krasnoyarsk, and Stavropol Krai. The WNV02 
has been identified in the Astrakhan, Volgo-
grad, Rostov, Voronezh, Kursk, Lipetsk, Penza, 
Saratov, Nizhni Novgorod, Omsk, and Novosi-
birsk oblasts; Stavropol and Krasnodar Krai; 
Moscow, Tatarstan, Kalmykia, Crimea, Dages-
tan, Severnaya Osetiya, and Karachaevo-
Cherkeskaya Republics; Jewish Autonomous 
Area. The WNV04 has been identified in the 
Volgograd and Astrakhan oblasts; Krasnodar 
Krai; Kalmykia and Crimea Republics.  

The Volga Delta, which is located in the 
Astrakhan oblast, is likely an initial area for the 
spread of the WNV01 in southern Russia [31]. 
Periodic occurrence and identification of the 
WNV01 in other areas, both adjoining and re-
mote from the Astrakhan oblast (south of West-
ern Siberia or Primorye, for example) can be 
due to the virus being brought there by migrat-
ing birds [23, 31]. The WNV01 circulation was 
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not confirmed in Russia in 2019–2022; how-
ever, since molecular and genetic investigations 
were performed on rather small volumes of ma-
terials, no unambiguous conclusion can be 
made that the virus transmission stopped. We 
cannot exclude that the WNV02 that had 
adapted to the conditions in the country was 
displaced whereas the uninterrupted circulation 
of the WNV01 persisted in some specific local 
biotopes. Thus, the WNV01 was repeatedly 
identified in Italy in 2020 and 2022 where pre-
viously it had been last detected in 2017. Given 
great similarities between 2020 isolates with 
those that had been circulated in Italy earlier, 
researchers assumed that the WNV01 was pos-
sibly brought onto other territories from some 
local foci where it circulated [32]. The fact that 
we identified the WNV01 in Ingushetia and 
Mordovia Republics in 2023 naturally raises a 
question of its origin: has the virus spread from 
some local foci or has it been brought into the 
country anew from Africa? 

We believe the data are still scarce as re-
gards areas where the WNV04 is circulating. 
This variant is persistently identified only in 
vectors and some amphibians only in Sarpin-
skiye Ozora (lakes) located in the Volgograd 
oblast and Kalmykia [28, 31]. 

At present, the WNV02 prevails in south-
ern and central European Russia; given that, 
we should consider peculiarities of its circula-
tion in greater detail. 

Occurrence of the WNV02 was first es-
tablished by sequencing the virus genome 
identified in samples of Coq. richiardii mos-
quitos caught in the Astrakhan oblast in 
2003. The profound profile of this isolate 
cannot be found in any available sources. 
WNV02 strains, which were isolated in the 
Volgograd oblast during the 2007 WNF epi-
demic, differed considerably from the virus 
strains isolated in early 2000ties in the south 
of the Central Europe. They were phyloge-
netically closer to the strains isolated in  
Africa and Israel between late 1950ties and 
2000ties [17]. This might be evidence of dif-
ferent WNV02 variants being brought inde-
pendently at that time to the Central Europe 
and southern Russia. 

A similar picture is derived by analyzing 
strains of the 2nd genetic line isolated in the 

Southern Russia in the following years. Thus, 
strains isolated in the Volgograd oblast and ad-
joining regions between 2010 and 2018 form a 
separate cluster group that is genetically iso-
lated from the virus isolates identified at the 
same time in the central European countries, 
Balkan countries and the Mediterranean region.  

Phylogenetic analysis of the WNV02 iso-
lates extracted in the Volgograd oblast in  
2019–2020 and partially in 2021 as well as the 
2020 isolates extracted in the Rostov and Astra-
khan oblasts confirmed that this strain group was 
genetically isolated and monophyletic. The tree 
branch topology indicates that these strains have 
a common ancestor that was formed not later 
than 2007. We believe these data to be eligible to 
confirm the hypothesis that the WNV02 circula-
tion was maintained on WNF endemic territories 
in southern Russia due to the local virus popula-
tion that had existed for a long time. Additional 
evidence of the assumption is provided by spe-
cific composition of synonymic and non-
synonimic amino acid replacements in nonstruc-
tural proteins of the WNV isolates identified in 
the Volgograd oblast in 2018. 

However, WNV isolates extracted in 2021 
and 2022 on the examined territories in the 
European part of Russia (Dagestan, Kalmykia, 
Crimea, Karachayevo-Cherkeskaja Republic, 
Stavropol Krai, Astrakhan, Volgograd, Rostov, 
and Voronezh oblasts) belonged to a com-
pletely new WNV02 genetic variant that was 
not included in the GenBank NCBI. In 2022, 
another genetic variant, which previously had 
never been found in Russia, also occurred in 
the Stavropol Krai and Kalmykia. 

Organization of the system for epidemi-
ological surveillance over WNF and sanitary-
anti-epidemic (prevention) activities. After the 
first disease cases were confirmed in 1967, 
epidemiological surveillance over WNF was 
not systemic until the beginning of the 21st 
century. Public healthcare tended to neglect 
the issue probably due to relatively favorable 
outcomes of the disease, difficulties in its etio-
logical verification due to absence of available 
laboratory diagnostic techniques, and top pri-
orities being assigned to fighting against such 
dangerous infections as plague and cholera.   

The 1999 outbreak that involved WNF 
occurrence on a considerably new territory of 
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the Volgograd oblast, severe neuroinvasive 
forms and high case fatality rate together with 
a growing number of the disease cases in the 
Astrakhan oblast gave grounds for the devel-
opment of epidemiological control and surveil-
lance in regions; such activities were devel-
oped and fixed in the regulation as regional 
programs for epidemiological surveillance.  

Revision of the system for the registration, 
records, and reports about WNF cases was of 
fundamental importance. WNF as an independ-
ent disease was included into the list of commu-
nicable (parasitic) diseases that were subject to 
mandatory control and registration. Previously 
the infection was not mentioned in statistical re-
ports and the disease was usually included under 
the common diagnosis of ‘viral fevers’ or ‘se-
rous meningitis / viral encephalitis, unspecified’.  

Further growth of the WNF area together 
with new registered epidemic outbreaks made 
it necessary to develop unified principles for 
organization of the system for epidemiological 
surveillance over the infection and a set of pre-
ventive and anti-epidemic activities and to fix 
them in the national legislation. It was also 
very important to organize relevant interde-
partmental interaction. 

The regulatory documents define WNF as 
a communicable disease associated with sani-
tary-epidemiological emergency. Within rein-
forcement of the national laboratory network, 
a  three-level functionally-based diagnostic 
structure has been created including the Refer-
ence Center for monitoring over the WNF agent 
(opened in 2008) on the basis of the Volgograd 
Scientific Research Anti-Plague Institute of the 
RF Sanitary Service (Rospotrebnadzor). 

At present, the state sanitary-epidemio-
logical surveillance over WNF in Russia in-
cludes several activities. They are constant dy-
namic observation of the WNF epizootic and 
epidemic process; investigating how endemic a 
given territory is; monitoring of the WNF agent 
circulation within an epizootic cycle; examining 
WNV properties and genetic diversity, probable 
ways for the virus to penetrate the country and 
spread over its territory; observation of biologi-
cal, natural, and social factors that influence the 
epizootic and epidemic processes; predicting an 
epidemiological situation and control of effec-
tiveness of accomplished activities.  

In the Russian Federation, epidemiological 
control and surveillance activities are coordi-
nated and accomplished under supervision of 
bodies and institutions of the Federal Service 
for Surveillance over Consumer Rights Protec-
tion and Human Wellbeing (the RF Sanitary 
Service or Rospotrebnadzor). In addition to Ro-
spotrebnadzor bodies, such activities can also 
be accomplished by regional executive authori-
ties responsible for health protection as well as 
by other concerned services and departments 
within complex plans on WNF prevention or 
complex plans on sanitary protection of a given 
territory. Such plans are usually approved by a 
relevant regional executive authority. 

Epidemiological surveillance over WNF, 
just as in case of any other infection, is accom-
plished at a territorial (district or city), regional 
(a republic, Krai, or oblast, federal-subordinated 
cities), or federal (the country as a whole) level. 
Volumes and depth of data analysis are deter-
mined by tasks that should be solved at each 
level of epidemiological surveillance and by sig-
nificance of managerial decisions.  

Investigation of how an epidemic process 
manifests itself involves monitoring of its inten-
sity, dynamics (long-term and within a year), 
structure of incidence (age-specific, social, clini-
cal, etc.), spatial characteristics of disease cases, 
case fatality rate, duration of a disease, applying 
for medical care, hospitalization, and confirming 
a diagnosis with laboratory tests. Organization of 
the system for epidemiological surveillance over 
WNF has some peculiarities in Russia. Infected 
patients are actively revealed during an epidemic 
season by conducting laboratory tests to identify 
WNF in patients who have unspecified fevers, 
meningitis or meningoencephalitis and are 
treated at out-patient and in-patient departments. 

Serological monitoring involves examining 
population immunity to the WNV in random 
population samples in order to identify the inten-
sity of the WNV circulation, to reveal an exact 
moment when epidemic complications occur, 
territories and population groups with elevated 
risks of the infection, and to predict how an epi-
demiological situation would develop. 

Zoological and entomological monitor-
ing includes observation of species structure, 
numbers and levels of contamination in vec-
tors and carriers, dynamics of the epizootic 
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process, weather and phenological events that 
determine the WNV circulation in vectors and 
carriers. Such monitoring should be accom-
plished by experts of the Sanitary Service in 
close cooperation with experts from the Vete-
rinary Service.  

Results of the accomplished analysis give 
grounds for establishing specific epidemiol-
ogical zones in the natural foci of the infection 
and for assessing their potential epidemic haz-
ards. Administrative territories are differenti-
ated considering some specific natural and 
geographical, biological and social factors.  

Non-specific prevention is a key component 
in prophylaxis. Non-specific prevention activities 
include sanitary work, extermination, and use of 
personal protective equipment. Occurrences of 
new infection foci or mass assaults by mosquitos 
indicate the necessity to conduct some disinsec-
tion activities in settlements. Sanitary prophylaxis 
involves preventing mass reproduction of blood-
sucking mosquitos in a given settlement and in a 
surrounding area (elimination of vectors’ habitats, 
territorial development in a settlement, sanitation 
of water bodies and parks, etc., maintaining satis-
factory sanitary conditions in basements of resi-
dential buildings), control of synanthropic bird 
populations by decreasing their food supply, pro-
vision of hygienic education to population to ex-
plain how a person can get infected with WNF, 
how the infection manifests itself, and how it can 
be prevented by using relevant personal protec-
tive equipment. 

Conclusion. Since the WNV was first iso-
lated in Russia in 1963 and up to the end of the 
20th century, WNF was known to spread in the 
Astrakhan oblast and some other territories in 
southern Russia, both its European and Asian 
parts. The large WNF outbreaks of 1999, which 
occurred in the Astrakhan and Volgograd oblast 
and, according to some researchers, in the Kras-
nodar Krai as well, changed the existing attitudes 
towards the infection. WNF started to be consid-
ered a leading internal threat for the sanitary-
epidemiological wellbeing of the population; it 
required organization of a complex and multi-
level system for epidemiological surveillance 
including monitoring of the WNF incidence, ex-
amining population immunity, zoological and 
entomological monitoring, and monitoring of the 
WNF infectious agent. 

The WNF epidemic process has certain 
peculiarities in Russia. Rises in the incidence 
usually occur within a range between 1 and 
8 years; WNF cases are predominantly detected 
in southern Russia; people aged 60 years and 
older tend to have elevated risks of getting in-
fected with WNF; WNF without the CNS in-
volvement prevails but still there is a persistent 
growth in the share of neuroinvasive cases. The 
number of territories where the local WNV 
transmission is confirmed has grown substan-
tially since 1999 (from 2 to 31 regions). There-
fore, we can claim firmly that the WNF area is 
much greater than researchers who investigated 
the infection before used to believe. WNF has 
long gone beyond the border of the area as-
signed for it and located within the 20 °С iso-
therm for the warmest month (the south of the 
moderate climate area). The northern border of 
the WNF area remains unspecified. We have 
reason to believe that the WNV can circulate 
among carriers and susceptible vertebrates even 
in areas with sub-Arctic and Arctic climate 
without any favorable conditions for its usual 
transmission. Probably, this circulation can be 
maintained by some other mechanisms. Solid 
evidence of these assumptions can become an 
object of future research in the area. 

The whole scope of the WNV vectors and 
carriers has not been established so far. Solu-
tion to this task requires wide-scale experimen-
tal studies to identify how susceptible different 
vertebrates and arthropods are to the WNV and 
those able to transmit it. Complex studies are 
also needed to examine the structure of the 
WNF parasitic system and how the infection 
foci maintain their functioning in different 
landscapes and environmental conditions. 

The WNV population that circulates in 
Russia is heterogeneous and represented by 
WNV01, WNV02, and WNV04. The WNV02 
prevails at the moment; it is also characterized 
with genetic diversity and this requires con-
stant monitoring of the WNF infectious agent 
given the continuous introduction of new virus 
variants along bird migration routes and its 
ecological plasticity.  
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Research into the gut microbiota (GM) in multiple sclerosis (MS) has the potential to lead to a number of practical 

applications in the prevention, diagnosis, assessment of, and treatment modification for, MS. Four most promising areas 
include biomarkers, treatment personalization, drug development as well as disease prevention and mitigation. 

Changes in the GM have been observed in individuals with MS; analysis of the GM composition may help to 
identify individuals at risk of developing the disease or to monitor disease progression. Dietary interventions aimed at 
improving gut health could be used as a complementary approach to traditional MS treatments in order to reduce in-
flammation thereby potentially improving MS symptoms and lessening disease progression. Differences in the GM 
between individuals with MS suggest that personalized treatment approaches based on an individual's microbiome 
composition could be effective. Manipulating the GM could therefore be a potential avenue for drug development in 
MS. In addition, the exploration of bacteria or bacterial metabolites as therapeutic agents to modulate the immune 
system and reduce inflammation is also promising. 

Such explorations may even help identify strategies for preventing the development of MS in at-risk individuals. Over-
all, practical applications of gut microbiome research in MS are still in the early stages and further research is needed to 
fully understand the mechanisms underlying the relationship between the gut microbiome and MS and to determine the most 
effective interventions for improving gut health in individuals with the disease. 

Keywords: multiple sclerosis, gut microbiome, prevention, diagnostics, treatment personalization, biomarkers, risk of 
a disease, diet. 
 

 
Research into gut microbiota (GM) in 

multiple sclerosis (MS) has over time yielded 
a number of practical directions in research 
and application of said research when it 
comes to the prevention, diagnosis, assess-
ment of and treatment modification for MS. 
Multiple sclerosis (MS) is a demyelinating 
and neurodegenerative autoimmune disease 
of the central nervous system (CNS). MS has 
a mean diagnosis age of 30 and is the most 

common inflammatory neurological disease 
in young adults [1]. Since this disease strikes 
so early and then affects people indefinitely, 
it is of the utmost importance to be able to not 
only provide the right treatment, but to also 
assess the effectiveness of said treatment. 

In recent years, there has been increas-
ing interest in the role of the GM in multiple 
sclerosis and a growing body of research in 
this area. 
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Research into the gut microbiome  
and multiple sclerosis (MS) is still in its 
early stages, but there are several possible 
practical applications of this research in the 
assessment and treatment modification  
of MS. 

Firstly, analysis of the gut microbiome 
could potentially be used as a diagnostic tool 
for MS. Changes in the gut microbiome have 
been observed in individuals with MS, and 
analysis of the gut microbiota composition 
may help to identify individuals at risk of 
developing the disease or to monitor disease 
progression. 

In 2022, a study published by the 
IMSMS consortium in Cell comprised of a 
large multi-center study of MS patients and 
household healthy controls [2]. The study 
found that gut bacteria in individuals with 
MS were less diverse than those in healthy 
individuals, and that specific bacterial spe-
cies were associated with disease activity 
and disability. The researchers suggested 
that changes in the gut microbiome may con-
tribute to the development and progression 
of MS by promoting inflammation and alter-
ing the balance of immune cells. 

Secondly, dietary interventions aimed 
at improving gut health could be used to 
complement traditional MS treatments since 
it is known that the GM changes during 
treatment with drugs [3, 4]. For example,  
a diet high in fiber and prebiotic and probi-
otic foods may help restore the balance of 
beneficial gut bacteria and reduce inflam-
mation thereby potentially improving MS 
symptoms and slowing down the disease 
progression. 

A Nutrients review in 2023 by Ku-
rowska et al. showed that an imbalance in 
the function as well as composition of the 
GM is critical in the pathogenesis of neuro-
logical diseases [5]. Specifically for MS, 
dietary intervention as with the Mediterra-
nean or the Ketogenic diets, and consump-

tion of nuts, vegetables, legumes, vitamins, 
and anti-inflammatories like omega-3 and 
many others, were associated with im-
provements. Significant improvements were 
noted by using the Modified Fatigue Impact 
Scale (MFIS) and physical and mental com-
ponents of the Multiple Sclerosis Quality of 
Life (MSQoL-54) in MS patients. Bio-
marker-wise, it was also noted that levels of 
the anti-inflammatory cytokine interleukin 4 
(IL-4) increased while levels of serum neu-
rofilament light chain level (sNfL) de-
creased thus indicating a potential neuro-
protective effect with the latter bio-
marker [6].  

In 2022, the article in Aging and Dis-
ease by Z. Jiang et al. detailed the physio-
logical basis of the ketogenic diet as well as 
its functions within regulation of neuroin-
flammation and therefore its protective role 
in normal brain aging and neurodegenerative 
diseases [7]. Diseases such as Alzheimer’s 
disease, Parkinson’s disease, amyotrophic 
lateral sclerosis, and Huntington’s disease 
were mentioned by name and it would not be 
a stretch to include MS toward these same 
findings. 

Another study published in Frontiers in 
Neuroscience in 2022 found that probiotic 
supplementation can have beneficial effects 
on serum levels of CRP and IFN-γ, for ex-
ample, both of which are related to systemic 
inflammation [8]. 

All these findings suggest that the gut 
microbiome may play an important role in 
the development and progression of MS and 
that dietary interventions aimed at improv-
ing gut health may be a promising avenue 
toward managing the disease. However, fur-
ther research is needed to fully understand 
the mechanisms underlying the relationship 
between the gut microbiome and MS and to 
determine the most effective interventions 
for improving gut health, and hopefully 
overall outcome, in individuals with the dis-
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ease. Potentially, personalized nutritional 
interventions may constitute a non-invasive 
and effective strategy in combating neuro-
logical disorders [9].  

Thirdly, the use of probiotics or fecal 
microbiota transplantation (FMT) may be 
explored as a potential treatment for MS. 
FMT involves transferring fecal material 
from a healthy donor into the gut of a recipi-
ent with the aim to restore a healthy gut mi-
crobiome. While FMT is not currently an 
approved treatment for MS, it has shown 
promise in small studies and may merit fu-
ture research. 

In 2022, Correale et al. (Nature reviews, 
Neurology) reviewed a number of studies 
that looked at microbiome alteration in mul-
tiple sclerosis across different disease 
courses including clinically isolated  
syndrome (CIS), relapsing-remitting MS 
(RRMS), primary-progressive MS (PPMS) 
and secondary-progressive MS (SPMS) 
along with the treatments they used and con-
trols. The authors were able to identify sev-
eral possible therapeutic strategies aimed at 
GM alteration: probiotics, FMT, dietary 
modifications as well as bacterial metabolite 
supplementation, for example using short-
chain fatty acids [10]. 

The results of K.F. Al et al. in 2022 in 
MSJ showed that FMT was both safe and 
well-tolerated among the RRMS patient co-
hort. There is a potential for it to enhance the 
microbiota that may be protective against 
MS. Additionally, there is evidence that 
FMT could reduce small intestinal perme-
ability, which is often elevated in MS pa-
tients [11]. Nonetheless, the authors ac-
knowledged that further research involving 
larger sample sizes and longer follow-up pe-
riods is needed to ascertain whether FMT is 
a viable therapy for MS [12]. 

Similarly, in a review by Matherson et 
al. published in 2023 in the International 
Journal of Molecular Sciences, the authors 

aimed to summarize FMT research in neu-
rodegenerative disease in both human and 
animal studies [13]. The authors acknowl-
edged that the current state of research on 
gut microbiome modification through FMT 
as a potential treatment for diseases like 
MS is still in its early stages and has sev-
eral limitations. While case studies and 
animal studies offer valuable insights for 
future research, clinical trials are still lim-
ited or absent. Moreover, FMT protocols 
vary greatly among studies and standard-
ized procedures are not yet available mak-
ing it challenging to draw conclusions on a 
larger scale. For example, different deliv-
ery routes, the use of antibiotics before-
hand, and the number of FMT infusions 
can significantly affect outcomes. To ad-
dress these limitations, future research 
should consider establishing standard pro-
tocols or examining the impact of the 
aforementioned factors to facilitate com-
parison between studies. Despite these 
limitations, the authors posit that the avail-
able evidence suggests that FMT may pro-
vide relief from symptoms with minimal 
side effects and warrants further investiga-
tion. This is particularly valuable in the 
context of limited long-term treatment op-
tions for these diseases. Therefore, further 
research, particularly clinical trials, is ea-
gerly anticipated in this field [13].  

Finally, understanding the role of envi-
ronmental factors in shaping the gut micro-
biome and their potential impact on MS 
could inform public health efforts to prevent 
the disease or modify its progression [5, 14, 
15]. For example, public health campaigns 
aimed at reducing exposure to environ-
mental toxins or promoting a healthy diet 
and lifestyle could help to improve gut 
health and potentially reduce the incidence 
and severity of MS. 

In a 2022 review article in Cureus, 
Jayasinghe et al. investigated diet and the 
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gut microbiome and how they relate to the 
progression of MS disease course [15]. 
They found the past decade’s research has 
shown multiple instances of interplay be-
tween genetics and environmental factors in 
the pathogenesis of MS. The functions of 
the gut-brain axis, antioxidants, vitamins, 
obesity, and various diets are also covered 
in this review. Research has found that the 
gut-brain axis plays a crucial role in regu-
lating the immune response and maintaining 
immune homeostasis, which is significant in 
the development of MS [16–18]. Moreover, 
recent studies suggest that modifications to 
the gut microbiome through dietary changes 
can trigger inflammation and demyelination 
in MS. Concomitantly, in RRMS, adopting 
the ketogenic diet has resulted in improve-
ments in quality of life, fatigue, and depres-
sion [19]. Additionally, adherence to the 
Mediterranean-DASH Intervention for Neu-
rodegenerative Delay (MIND) diet has dem-
onstrated a reduction in both MS incidence 
and cognitive decline. These findings un-
derscore the importance of considering  
the impact of diet and the gut microbiota  
in managing patients with MS therapeuti-
cally [15].  

In order to determine the potential 
benefits of these approaches on the gut mi-
crobiota in individuals with MS, it is neces-
sary to conduct controlled clinical trials 
with uniform protocols. To ensure the valid-
ity of these studies, it is important to enroll 
large groups of patients who have been 

carefully phenotyped, including an assess-
ment of their genetic makeup, dietary hab-
its, medication usage, and any coexisting 
illnesses. These patients should then be 
compared with carefully selected individu-
als who do not have the disease. If these 
studies are properly designed and executed, 
they may provide insight into whether ma-
nipulating the gut microbiota could be a 
useful addition to the existing MS treatment 
options [10]. 

Acquiring this knowledge is crucial not 
only for understanding the underlying 
causes of neuroinflammation but also for 
identifying diagnostic biomarkers and de-
veloping novel treatment approaches that 
target the gut microbiota composition to re-
store immune cell homeostasis in immune-
mediated CNS diseases. Overall, research 
into the gut microbiome and MS has the po-
tential to inform novel diagnostic and thera-
peutic strategies, as well as public health 
interventions aimed at preventing or modi-
fying the disease. Trusting what the gut has 
to tell us may very well help yield better 
outcomes. 

 
Acknowledgements. The author would like 

to express the deepest gratitude to Anthony Anh 
Tuan Anderson for his expertise and help in writ-
ing the manuscript. 

Funding. The research was not granted any 
sponsor support. 

Competing interests. The author declares no 
competing interests. 

 

References 
 
1. GBD 2016 Multiple Sclerosis Collaborators. Global, regional, and national burden of 

multiple sclerosis 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. 
Lancet Neurol., 2019, vol. 18, no. 3, pp. 269–285. DOI: 10.1016/s1474-4422(18)30443-5 

2. iMSMS Consortium. Gut microbiome of multiple sclerosis patients and paired household 
healthy controls reveal associations with disease risk and course. Cell, 2022, vol. 185, no. 19, 
pp. 3467–3486.e16. DOI: 10.1016/j.cell.2022.08.021 

 



C.K. Zjukovskaja  

Health Risk Analysis. 2023. no. 3 140 

3. Ferri C., Castellazzi M., Merli N., Laudisi M., Baldin E., Baldi E., Mancabelli L., Ventura M., 
Pugliatti M. Gut Microbiota Changes during Dimethyl Fumarate Treatment in Patients with Multiple 
Sclerosis. Int. J. Mol. Sci., 2023, vol. 24, no. 3, pp. 2720. DOI: 10.3390/ijms24032720 

4. Pilotto S., Zoledziewska M., Fenu G., Cocco E., Lorefice L. Disease-modifying therapy 
for multiple sclerosis: Implications for gut microbiota. Mult. Scler. Relat. Disord., 2023, vol. 73, 
pp. 104671. DOI: 10.1016/j.msard.2023.104671 

5. Kurowska A., Ziemichód W., Herbet M., Piątkowska-Chmiel I. The Role of Diet as a 
Modulator of the Inflammatory Process in the Neurological Diseases. Nutrients, 2023, vol. 15, no. 6, 
pp. 1436. DOI: 10.3390/nu15061436 

6. Bock M., Steffen F., Zipp F., Bittner S. Impact of Dietary Intervention on Serum 
Neurofilament Light Chain in Multiple Sclerosis. Neurol. Neuroimmunol. Neuroinflamm., 2021, 
vol. 9, no. 1, pp. e1102. DOI: 10.1212/nxi.0000000000001102 

7. Jiang Z., Yin X., Wang M., Chen T., Wang Y., Gao Z., Wang Z. Effects of Ketogenic Diet on 
Neuroinflammation in Neurodegenerative Diseases. Aging Dis., 2022, vol. 13, no. 4, pp. 1146–1165. 
DOI: 10.14336/ad.2021.1217 

8. Rahimlou M., Nematollahi S., Husain D., Banaei-Jahromi N., Majdinasab N., Hosseini S.A. 
Probiotic supplementation and systemic inflammation in relapsing-remitting multiple sclerosis:  
A randomized, double-blind, placebo-controlled trial. Front. Neurosci., 2022, vol. 16, pp. 901846. 
DOI: 10.3389/fnins.2022.901846 

9. Dziedzic A., Saluk J. Probiotics and Commensal Gut Microbiota as the Effective Alternative 
Therapy for Multiple Sclerosis Patients Treatment. Int. J. Mol. Sci., 2022, vol. 23, no. 22, pp. 14478. 
DOI: 10.3390/ijms232214478 

10. Correale J., Hohlfeld R., Baranzini S.E. The role of the gut microbiota in multiple sclerosis. 
Nat. Rev. Neurol., 2022, vol. 18, no. 9, pp. 544–558. DOI: 10.1038/s41582-022-00697-8 

11. Christovich A., Luo X.M. Gut Microbiota, Leaky Gut, and Autoimmune Diseases. Front. 
Immunol., 2022, vol. 13, pp. 946248. DOI: 10.3389/fimmu.2022.946248 

12. Al K.F., Craven L.J., Gibbons S., Parvathy S.N., Wing A.C., Graf C., Parham K.A., 
Kerfoot S.M. [et al.]. Fecal microbiota transplantation is safe and tolerable in patients with multiple 
sclerosis: A pilot randomized controlled trial. Mult. Scler. J. Exp. Transl. Clin., 2022, vol. 8, no. 2, 
pp. 20552173221086662. DOI: 10.1177/20552173221086662 

13. Matheson J.-A.T., Holsinger R.M.D. The Role of Fecal Microbiota Transplantation in the 
Treatment of Neurodegenerative Diseases: A Review. Int. J. Mol. Sci., 2023, vol. 24, no. 2, 
pp. 1001. DOI: 10.3390/ijms24021001 

14. Shahi S.K., Ghimire S., Lehman P., Mangalam A.K. Obesity induced gut dysbiosis 
contributes to disease severity in an animal model of multiple sclerosis. Front. Immunol., 2022, 
vol. 13, pp. 966417. DOI: 10.3389/fimmu.2022.966417 

15. Jayasinghe M., Prathiraja O., Kayani A.M.A., Jena R., Caldera D., Silva M.S., Singhal M., 
Pierre J. Jr. The Role of Diet and Gut Microbiome in Multiple Sclerosis. Cureus, 2022, vol. 14, 
no. 9, pp. e28975. DOI: 10.7759/cureus.28975 

16. Yousefi B., Babaeizad A., Banihashemian S.Z., Feyzabadi Z.K., Dadashpour M., Pahlevan 
D., Ghaffari H., Eslami M. Gastrointestinal Tract, Microbiota and Multiple Sclerosis (MS) and the 
Link Between Gut Microbiota and CNS. Curr. Microbiol., 2022, vol. 80, no. 1, pp. 38. DOI: 
10.1007/s00284-022-03150-7 

17. Miyauchi E., Shimokawa C., Steimle A., Desai M.S., Ohno H. The impact of the gut 
microbiome on extra-intestinal autoimmune diseases. Nat. Rev. Immunol., 2023, vol. 23, no. 1, 
pp. 9–23. DOI: 10.1038/s41577-022-00727-y 

18. Garabatos N., Santamaria P. Gut Microbial Antigenic Mimicry in Autoimmunity. Front. 
Immunol., 2022, vol. 13, pp. 873607. DOI: 10.3389/fimmu.2022.873607 

 



On possible practical applications of the gut microbiome research …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 141

19. Lin W.-S., Lin S.-J., Liao P.-Y., Suresh D., Hsu T.-R., Wang P.-Y. Role of Ketogenic 
Diets in Multiple Sclerosis and Related Animal Models: An Updated Review. Adv. Nutr., 2022, 
vol. 13, no. 5, pp. 2002–2014. DOI: 10.1093/advances/nmac065 

 
 
Zjukovskaja C.K. On possible practical applications of the gut microbiome research in the pre-

vention, diagnosis, assessment of, and treatment modification for multiple sclerosis in patients from 
risk groups. Health Risk Analysis, 2023, no. 3, pp. 136–141. DOI: 10.21668/health.risk/2023.3.14.eng 

 
 
Received: 17.05.2023 
Approved: 13.09.2023 
Accepted for publication: 20.09.2023 
 



E.V. Bakhtereva, E.L. Leiderman, E.G. Plotko, T.A. Riabkova  

Health Risk Analysis. 2023. no. 3 142 

UDC 613.6  
DOI: 10.21668/health.risk/2023.3.15.eng 

Read 
online 

Original research article 
 

ASSESSMENT OF NEUROPHYSIOLOGICAL PARAMETERS OF THE NERVOUS 
SYSTEM IN NON-FERROUS FOUNDRY WORKERS 

E.V. Bakhtereva, E.L. Leiderman, E.G. Plotko, T.A. Riabkova  
Yekaterinburg Medical Research Center for Prophylaxis and Health Protection in Industrial Workers, 30 Popov St., 
Yekaterinburg, 620014, Russian Federation 
 

 
A comprehensive assessment of the health status includes the functional exploration of the central and peripheral 

nervous systems. Results of the neurophysiological examination allow elaboration of effective personified therapeutic and 
preventive programs for the core personnel of non-ferrous metal industry. 

Our objective was to study functional disorders of the central and peripheral nervous systems in smelter operators 
for further development of risk-based rehabilitation programs for workers engaged in production of non-ferrous metals. 

Two cohorts of male workers were examined. The case cohort included 60 smelter operators of a large metallur-
gical plant situated in the Sverdlovsk Region and the control cohort consisted of 50 unexposed employees. The cohorts 
were matched by age and years of work experience. The mean age of smelter operators was 37.8 ± 7.9 years and their 
mean length of current employment was 4.1 ± 4.6 years, while the total length of work under hazardous occupational 
conditions was 7.1 ± 6.0 years. The case cohort included 39 operators of refinery boilers (mean age: 35.6 ± 7.2 years, 
mean length of employment: 4.2 ± 4.7 years) and 21 operators of the ore thermal furnace (mean age: 41.9 ± 7.6 years, 
mean length of current employment: 3.9 ± 4.4 years). All subjects underwent a neurocognitive examination (higher 
brain function testing), electroneuromyography, the somatosensory evoked response test, and electroencephalography. 

The results of examining the higher brain function enabled us to form the neurocognitive profile of the workers. We re-
vealed signs of mild cognitive impairment in 30 % and a decrease in the cognitive reserve in 35 % of the cases. The diag-
nosed peripheral nervous system disorders included distal sensory polyneuropathy of the upper and lower extremities, carpal 
and cubital tunnel syndromes, cervical and lumbar radiculopathy. 

The comprehensive neurophysiological examination helps detect early changes in the central and peripheral nervous 
systems. The findings should be taken into account when developing personal medical rehabilitation programs. 

Keywords: neurophysiological examination, polyneuropathy, compression neuropathies, neurocognitive profile, cogni-
tive reserve, somatosensory evoked potentials, prevention and treatment programs, combined toxicity. 
 

 
Preserving good health and increasing 

healthy working life expectancy are the pri-
orities of the government policy in the Rus-
sian Federation1 [1]. A comprehensive as-
sessment of health status that includes testing 

for functional neurological disorders facili-
tates elaboration of effective personalized 
preventive and therapeutic programs imple-
mented within the Concept of Predictive, Pre-
ventive and Personalized Medicine [1–4]. The 
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issue of a combined effect of occupational 
toxicants on workers maintains the relevance 
of searching for early diagnostic and effective 
preventive and therapeutic measures for ex-
posed personnel [5–9]. Effects of certain 
toxic pollutants, particularly lead, on the 
nervous, hematopoietic, and digestive sys-
tems have been previously demonstrated; they 
are manifested by disturbances in epigenetic 
status; oxidative DNA damage; changes in 
reticulocyte count; oxidative stress; neurobe-
havioral changes; gene polymorphisms of 
glutathione peroxidase, paraoxonase, and 
metallothionein-4; and calcium metabolism 
with bone mineral density [10–21]. Danger-
ous variants of the combined toxicity of zinc 
oxide and copper oxide nanoparticles have 
been identified. In addition, it has been estab-
lished that the exposure to nanoparticles of 
silver, gold, oxides of copper, iron, alumi-
num, zinc, lead, nickel, and silicon induces a 
statistical increase in nuclear DNA fragmen-
tation [7–9]. 

Since 2019, the project for maintaining 
health of the core personnel in metallurgical 
industry has been implemented on the basis 
of the Yekaterinburg Medical Research 
Center for Prophylaxis and Health Protec-
tion in Industrial Workers [6]. Smelter op-
erators of the refining department of the 
metallurgical (smelting) shop are at high 
risk of occupational and work-related dis-
eases associated with exposure to a combi-
nation of adverse factors (work heaviness 
and toxicants, such as lead, copper, zinc, 
antimony, arsenic, and cadmium). Findings 
of a neurophysiological examination allow 
the development of effective personified 
preventive and therapeutic programs fo-
cused on the main targets for pathological 
processes (central and / or peripheral nerv-
ous systems) [6–9, 11]. 

Our objective was to study functional 
disorders of the central and peripheral nervous 
systems in smelter operators for further devel-
opment of risk-based rehabilitation programs 

for workers engaged in production of non-
ferrous metals. 

Materials and methods. Two cohorts of 
male workers matched by age, seniority and 
level of education were examined at the clinic 
of the Yekaterinburg Medical Research Cen-
ter. The control cohort consisted of 50 unex-
posed employees and the case cohort included 
60 smelter operators aged 25 to 53 years 
(mean age: 37.8 ± 7.9 years) having the work 
history of 0 to 18 years (mean length of cur-
rent employment: 4.1 ± 4.6 years). The total 
duration of work in hazardous conditions was 
7.1 ± 6.0 years. The case cohort included 39 
operators of refinery boilers aged 25 to 49 
years (mean age: 35.6 ± 7.2 years, mean 
length of employment: 4.2 ± 4.7 years) and 
21 operators of the ore thermal furnace aged 
27 to 53 years (mean age: 41.9 ± 7.6 years, 
mean length of current employment: 3.9 ± 4.4 
years), all with the work history ranging from 
0 to 18 years.  

According to the results of a special as-
sessment of working conditions for all cases, 
the time-weighted average (TWA) concentra-
tion of lead was up to 1.94 times higher than 
its maximum permissible concentration 
(MPC), which is characteristic of Class 3.1 of 
working conditions. Concentrations of copper 
and zinc oxide were below the corresponding 
MPCs at all workplaces, with the exception of 
that of the ore thermal furnace operator where 
the TWA concentrations of both copper and 
zinc oxide were 1.02 times higher than their 
MPCs (up to 0.51 mg/m3 with the average 
daily MPC of 0.5 mg/m3). “Control” meas-
urements of the levels of lead and its inor-
ganic compounds in the workplace air of re-
finery boiler operators showed a 46.6, 30.4, 
and 48.4-fold excess of the TWA correspond-
ing to Class 3.4 of working conditions in 
terms of lead compound concentrations and 
total chemical exposure. 

The control cohort consisted of 50 men 
of similar age (Ме = 51 (48; 55) years) never 
exposed to occupational risk factors in the 
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industrial setting. Workers with traumatic 
nerve injury, demyelinating diseases of the 
nervous system, hereditary diseases, diabetes 
mellitus, thyroid diseases, and a cardiac 
pacemaker were not eligible for inclusion in 
the study. 

Electroneuromyography was performed 
using a Dantec® Keypoint® G4 workstation, 
Denmark, with analysis of indicators (latency 
of sensory and motor responses (ms), motor 
and sensory nerve conduction velocity (m/s), 
amplitude of the motor response (Am, mV) 
and sensory response (As, μV), F-wave). 

When testing somatosensory evoked po-
tentials (SSEPs) using a Neuro-MEP-4 audi-
tory-visual stimulation unit, Neurosoft, Russia, 
peak potentials and interpeak intervals were 
measured at different stimulation frequencies 
of 3–5 Hz. The amplitude of components (po-
tentials), peak and interpeak latencies were 
analyzed. 

Electroencephalography (EEG) was also 
performed using the Neuro-MEP-4 unit ac-
cording to a standard method. 

A comprehensive neurological examina-
tion of the subjects was carried out with as-
sessment of clinical indicators, a neuropsy-
chological testing (Montreal Cognitive As-
sessment or the MoCA test, with a score of 
26–30 points considered to be normal), tests 
of semantic associations and speech sound 
disorders with 15 or over words taken as the 
norm. These tests evaluated the global cogni-
tive function and its components, such as 
concentration, executive functions, memory, 
attention, language, abstract reasoning, and 
visuoconstructional skills. 

The study was conducted using non-
invasive methods and it complies with the 
ethical standards of the Bioethical Committee 
of the Research Institute for Complex Prob-
lems of Hygiene and Occupational Diseases, 
developed in accordance with the World 
Medical Association Declaration of Helsinki 
“Ethical Principles for Medical Research In-
volving Human Subjects as amended in 2013 

and the “Rules of Clinical Practice in the Rus-
sian Federation” approved by Order no. 266 
of the Russian Ministry of Health dated June 
19, 2003. 

Results and discussion. Higher brain 
function test results helped establish the neu-
rocognitive profile of the examined workers. 
Findings of the MoCA test showed that 35 % 
of the cases scored 19–24 points, 35 % 
scored 26 points (the suggested cut-off 
score), and 30 % scored 27 points or over. At 
the same time, a score of 26 or over was reg-
istered in 90 % of the controls with no pro-
nounced cognitive impairment detected in 
this cohort.  

Testing of semantic skills and phono-
logical disorders. The findings showed spe-
cific features of the neurocognitive profile of 
the cases, including disorders of spatial ori-
entation (20 %) and poor alternating trail 
making (15 %), constructional apraxia of the 
frontal type (the clock-drawing task) (15 %), 
impaired semantic speech activity (30 %), 
reduction in phonetically mediated associa-
tions (40 %) indicating the subcortical-
frontal dysfunction, impaired memorization 
and reproduction processes (40 %) (frontal-
subcortical disorders), impaired conceptual 
thinking (generalization) (20 %), decreased 
attention (30 %), and preserved executive 
functions (100 %). The evaluation of seman-
tic and phonetic test results revealed a de-
crease in phonetically mediated associations 
compared to semantically mediated ones as a 
sign of subcortical-frontal dysfunction. We 
revealed signs of mild cognitive impairment 
in 30 % and a decrease in the cognitive re-
serve in 35 % of the cases. It is worth noting 
that neither cases nor controls had any com-
plaints at the time of testing. 

Electroneuromyography results showed 
statistically more significant changes in the 
case cohort (р < 0.05). We detected signs of 
entrapment neuropathies of the upper ex-
tremity in 20 % of the cases (increased la-
tency in sensory and motor conduction ve-
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locity along the median nerves at the level of 
the carpal tunnel and along the ulnar nerves 
at the level of the cubital tunnel, decreased 
Аs of the median nerve at the level of the 
carpal tunnel). In 35 % of the cases, we ob-
served signs of a decreased amplitude of  
M-response and diagnosed conduction block 
related to motor axonal neuropathy in the 
peripheral nerves of lower limbs in 25 % and 
in the peripheral nerves of upper limbs – in 
10 % of them. In 30 % of the cases, we reg-
istered sensory conduction abnormalities, 
such as prolongation of latency, a decrease 
in the amplitude and nerve conduction veloc-
ity; of these, along the sensory fibers of the 
upper and lower limbs – in 20 % and 10 %, 
respectively. In 15 % of the cases, ENMG 
parameters were normal. 

The analysis of somatosensory evoked 
potentials in the control cohort showed that all 
indicators were normal. During the study, the 
parameters of peaks of the indicators in the 
case cohort were also within the normal range 
(Table 1). 

 T a b l e  1  
Upper extremity somatosensory evoked 

potentials in the case cohort 
Level Potentials Latency, ms 

C3'-Fz (cortex) N20 22.1 ± 1.6 
 P23  
 N30  
 P45  

C7-Fz (cervix) N11  
 N13 13.2 ± 0.9 
 N14  
 P18  

(Erb’s point) N9 10.7 ± 0.88 
 P8  

 
We revealed signs of afferentation im-

pairment at the subcortical-cortical level 
when analyzing interpeak intervals in the case 
cohort. In measurements of upper extremity 
somatosensory evoked potentials, N13 was 

assessed as the potential reflecting mainly the 
postsynaptic activation of the nuclei of the 
medulla oblongata and N20 – as that mainly 
reflecting the activity of generators in the 
thalamus or thalamocortical radiations. The 
conduction time from the lower parts of the 
brainstem to the cortex, determined by the 
time interval between components N13 and 
N20, was increased. The N13–N20 interval 
for C7-Fz–C3'-Fz was 8.9 ± 0.6, while the 
N30–P37 interpeak latency for C7-Fz–Cz-Fz1 
was 2.2 ± 1.6. Prolongation of the conduction 
time from the lower brain stem to the cortex 
indicates conduction dysfunction at this level 
(Table 2). 

T a b l e  2  

Interpeak intervals between upper extremity 
somatosensory evoked potentials in the case 

cohort 

Level Interpeak interval Latency, ms 
Erb-Fz  – C7-Fz N9–N13 4.6 ± 0.8 
Erb-Fz  – C3'-Fz N9–N20 10.1 ± 0.77 
C7-Fz  – C3' Fz N13–N20 8.9 ± 0.6 

 
When measuring lower extremity 

SSEPs, the activity of generators in subcorti-
cal structures (N30) and the potential primar-
ily reflecting cortical activation of the soma-
tosensory area of the corresponding projec-
tion of the leg (P37) were within normal 
limits (Table 3). 

T a b l e  3  

Lower extremity somatosensory evoked 
potentials in the case cohort 

Level Components Latency, ms 
L3-R (lumbar) N22 25.2 ± 2.5 
C7-Fz (cervix) N30 30.1 ± 3.0 
Cz-Fz (cortex) P37 42.4 ± 3.3 

 N45 50.3 ± 3.2 
 
When analyzing the interpeak activity, 

we registered a slight prolongation of the 
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N30–P37 interpeak latency indicating con-
duction dysfunction at the subcortical-cortical 
levels (Table 4). 

T a b l e  4  

Interpeak intervals between upper and lower 
extremity somatosensory evoked potentials in 

the case cohort 
Level Interpeak interval Latency, ms 

L3-R – Cz-Fz N22–P37 19.1 ± 1.55 
L3-R – C7-Fz N22–N30 7.5 ± 1.07 
C7-Fz – Cz-Fz N30–P37 12.2 ± 1.6 

 
Thus, we registered a change (slowing 

down) of afferentation at the subcortical (stem)-
cortical level in the cases when testing upper 
and lower extremity SSEPs. 

When analyzing EEG data, no significant 
differences were found between the cohorts. 

Conclusion. The results of analyzing the 
functional state of the central and peripheral 
nervous systems in the workers occupation-
ally exposed to a number of toxicants showed 
the predominance of such distal disturbances 
of motor and sensory conduction as compres-
sion lesions of the nerves, as well as signs of 

axonal pathology, mainly at the lumbar level. 
The integrated approach enabled us to deter-
mine specific characteristics of the neurocog-
nitive profile and to detect initial frontal-
subcortical disorders and a decrease in cogni-
tive reserve. When testing upper and lower 
extremity SSEPs in the cases, we registered a 
change (slowing down) of afferentation at the 
subcortical (stem)-cortical level. Our findings 
are consistent with those obtained in other 
studies [4, 5, 10, 13, 14]. The revealed 
changes have enabled us to elaborate personal 
medical rehabilitation programs including 
neuroprotective techniques aimed at the main 
pathogenetic targets. 

We believe that a comprehensive neuro-
physiological examination should be part of 
the regular health checkup of workers exposed 
to toxicants at workplaces, including those en-
gaged in non-ferrous industry, as it helps de-
tect early neurological changes. 
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The article is devoted to examining anti-inflammatory activity of dry aqueous extract of European spruce (Picea abies) 

strobiles using different routes of administration. 
Strobiles of European spruce for extracts were harvested on the territory of the Perm region of the Russian Federation in 

a mixed forest with a predominance of European spruce and Scots pine (Pinus sylvestris). Dry aqueous extract was obtained 
according to the original patented method. Procyanidins content in spruce strobiles and dry extracts was determined by using 
acid cleavage of procyanidins to anthocyanidins according to the Porter method. Anti-inflammatory activity was established by 
using carrageenan-induced paw edema in rats. White laboratory outbred Wistar rats were used in the experiment. 

According to the results of the study, the procyanidin content was found to equal approximately 13 % in the samples of 
spruce strobiles. Intraperitoneal administration of dry extract of strobile spruce at a dose of 100 mg/kg was established to 
induce pronounced anti-inflammatory activity. Intraperitoneal administration of smaller doses of strobile extract resulted in 
pronounced anti-inflammatory activity at a dose of 50 mg/kg. A dose of 10 mg/kg successfully suppressed inflammation 
(50 % edema suppression) 1 and 3 hours after carrageenan administration (p < 0.05) according to hydrometric data, but 
this was not confirmed by photometric data. Oral administration of the extract showed no anti-inflammatory activity. With 
the rectal route of administration, no pronounced anti-inflammatory activity was found in the studied extract. 

The extract of spruce strobiles obtained by the original method contains 56 % procyanidins and exhibits pronounced 
anti-inflammatory activity when administered intraperitoneally. The use of the extract in oral and rectal routes of admini-
stration requires more in-depth study.  

Keywords: European spruce, strobiles, dry extract, procyanidines, intraperitoneal administration, oral administration, 
rectal administration, anti-inflammatory activity. 
 

 
In the Russian Federation, coniferous 

strobiles are harvested to obtain seeds for 
forest regeneration. Forest regeneration in-
cludes forest seed industry and reforesta-
tion. Seed yield from strobiles is only about 
2 %. After seeds have been extracted, stro-
biles remain in forestry in huge quantities. 
The rich chemical composition of common 
spruce strobiles is the basis for searching 

for promising pharmacologically active sub-
stances. 

We have developed a method for obtain-
ing a dry aqueous extract of common spruce 
strobiles where one of the leading groups of 
biologically active substances are condensed 
tannins or procyanidins. 

Proanthocyanidins were first examined by 
Jacques Masquelier in the 1940s in a study of 
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pine bark, which Native Americans boiled to 
treat scurvy [1]. Procyanidins are derivatives 
of flavan-3-ols that have a typical C6-C3-C6 
flavonoid backbone. In total, about 15 sub-
classes of proanthocyanidins have been identi-
fied, of which procyanidins are the most com-
mon. There are dimeric, trimeric, tetrameric 
and polymeric procyanidins [2].  

Procyanidins are of medical interest be-
cause of their multiple beneficial properties 
[3, 4]. Procyanidin D1 has been shown to be 
effective in rheumatoid arthritis when admin-
istered orally for 23 days. The antiarthritic 
effect was mediated by the regulation of Th17 
(T-helpers producing interleukin-17) / Treg 
(T-suppressors) cell balance; the regulatory 
effect, in turn, was associated with the inhibi-
tory effect of procyanidin D1 on aromatic hy-
drocarbon receptor expression [5]. Procya-
nidin B1 increases the influx of mesenchymal 
stem cells to wounds and accelerates wound 
healing in a diabetic mouse model [6]. Pro-
cyanidin C1 exhibits antitumor properties by 
inducing apoptosis in breast cancer cells [7]. 

Literature sources describe different ef-
fects of procyanidins on the immune system. 
Using a splenocyte proliferation model, it has 
been shown that procyanidin D1 exhibits an 
immunosuppressive effect reducing the levels 
of interferon-α and interleukin–2 in a dose-
dependent manner [8]. 

An aqueous extract of black spruce bark 
contains a significant amount of procyanidins 
and exhibits antiradical and anti-inflammatory 
activity [9]. Type A procyanadins isolated from 
cinnamon bark – Cinnamomum verum J. Presl, 
(Lauraceae family) exhibit anti-inflammatory 
activity in rat models of carrageenan edema and 
adjuvant-induced arthritis [10]. 

According to the WHO, chronic inflamma-
tory diseases are one of the most important 
causes of death in the world. Their prevalence 
in the world is expected to grow steadily over 
the coming years. Inflammatory diseases in-

clude stroke, chronic respiratory disease, heart 
disease, cancer, obesity and diabetes, etc.1 [11]. 

Considering high pharmacological activity 
of procyanidins isolated from plant sources, it is 
of interest to identify anti-inflammatory activity 
of spruce strobile extracts. 

The purpose of the research was to 
study procyanidins levels in a dry aqueous ex-
tract of European spruce strobiles and evaluate 
its anti-inflammatory activity using different 
routes of administration. 

Materials and methods. The object of 
the study is an extract of European spruce 
(Picea abies (L.) Karst., Pinaceae) strobiles 
growing in the Perm region (Russia). To ob-
tain the extract, spruce strobiles were har-
vested on the territory of the Ilyinsky district 
of the Perm region in a mixed forest with a 
predominance of European spruce and Pinus 
sylvestris. After harvesting, raw materials 
were subjected to air-shadow drying. 

The method of obtaining the extract. 
About 50 g of spruce strobiles crushed to par-
ticles passing through a sieve with a hole di-
ameter of 2 mm, are placed in a flask, are 
added 1.5 liters of water (hydraulic ratio 1:30) 
and extracted with stirring for 1.5 hours while 
heating at 80–85 °C. The extraction com-
pleted, the raw material is separated from the 
extract by filtration. The resulting extract is 
concentrated under vacuum at a temperature of 
80–85 °C 10 times from the original volume. 
Next, the ballast, inactive fraction is separated 
by cooling the evaporated extract at a tempera-
ture of -18 °C for 15 minutes. In this case, a 
precipitate falls out, which contains a part of 
the polysaccharide complex, proteins, tannins, 
and resinous substances. The precipitate is 
compacted by centrifugation and discarded. 
Next, the supernatant is evaporated in a vac-
uum evaporator to a thick mass and dried in an 
oven at a temperature of 50 °С2. 

The extract is a light brown amorphous 
powder with a specific odor, soluble in water, 

__________________________ 
 
1 Rukovodstvo po provedeniyu doklinicheskikh issledovanii lekarstvennykh sredstv. Chast' pervaya [Guidelines for con-

ducting preclinical studies of medicines. Part One]. In: A.N. Mironov ed. Moscow, Grif i K, 2012, 944 p. (in Russian). 
2 Pat. RF RU 2756009C1. Sposob polucheniya sredstva, obladayushchego protivovospalitel'noi aktivnost'yu [Method of obtain-

ing a drug with anti-inflammatory activity]: patent for an invention. D.Yu. Apushkin, A.I. Andreev, D.K. Gulyaev, V.D. Belonogova, 
I.P. Rudakova, V.V. Novikova, date of publication: September 24, 2021 (in Russian). 
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partially soluble in 50 % and 70 % ethyl alco-
hol, insoluble in diethyl ether, ethyl acetate, or 
chloroform. 

Obtaining microcapsules in a shell of 
cellulose acetate phthalate (CAP). Cellulose 
acetate phthalate (CAP) coated microcapsules 
are obtained by evaporating a highly volatile 
solvent in a liquid medium. Initially, 2 g of the 
powder is ground in a mortar in a dry form, 
placed in 20 ml of a polymer solution (5 % 
solution of cellulose acetate phthalate) in a 
chemical beaker and dispersed for 10 minutes 
on a magnetic stirrer. Then, 150 ml of vaseline 
oil is poured into the reactor (chemical 
beaker). The installation with an anchor stirrer 
is lowered into the glass and the equipment is 
turned on. The resulting drug suspension is 
poured into the reactor in a thin stream with 
the anchor mixer running and mixed for 
15 minutes at 20 °C and a rotation speed of 
800 rpm, preventing the mixture from being 
released. To cure the shells (remove the vola-
tile solvent), the temperature is raised to 40 °C 
based on 5 °C after 20 minutes with a con-
stantly running stirrer. After hardening (micro-
capsules do not flatten when pressed with a 
glass rod on filter paper), the stirrer is turned 
off. The resulting microcapsules are separated 
from the dispersion medium (vaseline oil) us-
ing a grid with a hole size of 0.2 mm. The 
microcapsules separated from the oil are 
washed 3 times with hexane (15–20 ml per 
portion). The finished microcapsules are left to 
air dry at room temperature. 

Determination of procyanidins content. 
The procyanidin content in spruce strobiles 
and its dry extracts was determined using acid 
cleavage of procyanidins to anthocyanidins 
according to the Porter method [12, 13]. 

About 0.2 g of the extract (accurately 
weighed) (weighed amount of 1.0 grams of 
strobiles with a particle size that goes through 
a sieve size of 0.5 mm) was placed in a 100 ml 
round-bottom flask. 20 ml of 60 % ethyl alco-
hol was added, closed with a cork and weighed 

with an error of ± 0.01 g. Next, the flask was 
attached to a reflux condenser and heated in a 
water bath at a temperature of 80 °C for 
15 minutes (40 minutes for the strobiles). After 
cooling to room temperature, the flask with 
stopper was weighed and brought to the initial 
mass with 60 % ethyl alcohol. The contents of 
the flask were centrifuged for 10 minutes at a 
speed of 2000–3000 rpm; 0.1 ml of the obtained 
extract was transferred into a 50 ml round-
bottom flask, 0.9 ml of 60 % ethyl alcohol, 6 ml 
of acid butanol, 0.2 ml of an iron-containing re-
agent were added. The resulting mixture was 
attached to a reflux condenser and heated in a 
water bath at 80 °C for 50 minutes. The resulting 
solution was cooled at room temperature. 

The optical density of the solution was 
measured on a SF 2000 spectrophotometer at a 
wavelength of 540 nm in a cuvette with a layer 
thickness of 10 mm using a solution consisting 
of 1 ml of 60 % ethyl alcohol, 6 ml of acid bu-
tanol, and 0.2 ml of an iron-containing reagent 
as a reference one. 

The procyanidin content in terms of cyanidin 
chloride (%) was calculated by the formula: 

20 7.2 100 ,
136 0.1 (100 )

AХ
m W
  


   

 

where  
А is optical density of the test solution; 
136 is specific absorption rate 1%

1смЕ  of 
cyanidin chloride; 

m is mass of raw materials (extract), g; 
W is weight loss on drying, %. 
White laboratory outbred Wistar rats and 

white laboratory outbred ICR (CD-1) mice 
were used in the experiment. Animal prepara-
tion included selection by sex, age and health 
status. Within the selected subpopulation, ran-
domized selection was performed using a ran-
dom number generator in the experimental 
groups, the reference group (diclofenac so-
dium) and the control group. Each group in-
cluded at least 6 animals3. Animals in groups 

__________________________ 
 
3 Rukovodstvo po eksperimental'nomu (doklinicheskomu) izucheniyu novykh farmakologicheskikh veshchestv [Guidelines 

for the experimental (preclinical) study of new pharmacological substances], 2nd ed. In: R.U. Khabriev ed. Moscow, Meditsina 
Publ., 2005, 826 p. (in Russian). 
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were labeled by applying through individual 
labels. Randomization quality control was per-
formed on the basis of testing the significance 
of mass shifts and the homogeneity of vari-
ances before the experiment. 

Design of animal experiments. The dry 
strobile extract was dissolved in 0.9 % NaCl 
solution or 2 % food starch solution, and ad-
ministered to animals intraperitoneally, orally 
or rectally at doses of 100 (intralaboratory 
standard screening dose), 50 or 10 mg/kg 
40 minutes before administration of a 1 % car-
rageenan solution (Sigma Aldrich, USA). En-
teric-coated tablets of diclofenac sodium, 
0.05 g, produced by OOO Ozon, Zhigulevsk, 
were used as the reference drug. The reference 
drug was dissolved in 0.9 % physiological 
NaCl solution or 2 % food starch solution and 
administered to animals. Animals in the con-
trol group received 0.9 % physiological NaCl 
solution or 2 % starch solution as an equi-
stress effect. There was no reference group for 
the rectal form, and the control group received 
a 2 % starch solution in an equal (with the ex-
perimental group) volume. A solid dosage 
form of a plant extract (microcapsules) was 
administered orally after suspension in a 2 % 
food starch solution. The dose for the animal 
was determined based on the active substance 
(spruce strobile extract) contained in the dos-
age form. An acute inflammatory reaction was 
induced by subplantar administration of 0.1 ml 
1 % carrageenan. An increase in foot volume, 
indicating the development of edema, was as-
sessed using an aqueous plethysmometer and 
an anhydrous plethysmometer, where an opti-
cal three-dimensional measuring system is 
used [14, 15]. The anti-inflammatory effect 
was evaluated by reduction in the volume of 
edema in the experimental groups compared to 
the control group. To assess the anti-
inflammatory activity of substances, the fol-
lowing indicators were used: 

1) The value of the growth percentage. It 
characterizes the degree of increase in the vol-
ume of the paw in the experimental group com-
pared with the control calculated by the formula: 

aХ
b

 ·100 %, 

where Х is the value of the growth percentage; 
a is the background value of the paw volume; 
b is the value of the paw volume 1 / 3 / 5 hours 
after administration of carrageenan.  

2) The percentage of edema inhibition 
(characterizes the ability of a substance to in-
hibit the development of inflammation or re-
duce the amount of exudate that comes out of 
the blood vessels into the area of inflamma-
tion). It is calculated according to the formula: 

cY
d

 ·100 %, 

where Y is the percentage of edema inhibition;  
c is the median percentage increase in the paw 
volume in the control group 1 / 3 / 5 hours after 
the administration of carrageenan; d is the me-
dian percentage increase in the paw volume in 
the experimental group 1 / 3 / 5 hours after the 
administration of carrageenan. 

To analyze the experimental data, we 
used the nonparametric two-sided Wilcoxon 
signed-rank test for independent samples; 
corrections for multiple comparisons were  
not introduced4 [16]. Outliers were identified 
and excluded according to the 1.5 IQR rule 
(outliers removed using 1.5*interquartile 
range rule). 

Results and discussion. At the first phase 
of the study, we identified the content of pro-
cyanidins in strobiles of European spruce and 
two types of extracts, in the extract obtained by 
the method described in patent № 2756009С1, 
and in the extract obtained by conventional hot-
water extraction without sediment removal. The 
presence of a condensed group in the extract of 
tannins was previously proven using qualitative 
reactions: a reaction with a 1 % solution of 
iron-ammonium alum and a Stiasny reaction. 
For quantification of procyanidins, a modified 
Porter method [12] was used, which is based on 
the acid cleavage of procyanidins to anthocya-
nidins. The results of the study are presented in 
the Table 1. 

__________________________ 
 
4 Hollander M., Wolfe D.A., Chicken E. Nonparametric Statistical Methods. Canada, John Wiley & Sons, 2013, 848 p. 
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T a b l e  1   
The content of procyanidins in strobiles of 

Europеan spruce and hot-water extracts 

Sample Content  
of procyanidins, % 

Strobiles of European spruce 13.21 ± 1.57 
Hot water extract with sediment 
removal (Patent RU № 2756009С1) 56.75 ± 2.53 

Hot water extract without sediment 
removal 18.61 ± 0.65 

 
According to the results of the study, the 

content of procyanidins was found to equal ap-
proximately 13 % in samples of common 
spruce strobiles. The scheme for obtaining a dry 
aqueous extract of common spruce strobiles, 
specified in patent № 2756009С1, makes it 
possible to obtain a substance with a content of 
procyanidins more than 3 times higher than the 
content in the extract of common spruce stro-
biles without removing the sediment. A signifi-
cant increase in the content of procyanidins can 
affect the pharmacological activity since many 
activities are associated with procyanidins, in-
cluding anti-inflammatory effects [9]. 

The results of studying the anti-infla-
mmatory activity of the obtained extract when 
administered intraperitoneally are presented in 
Table 2. 

Table 2 presents data on the experiment, 
the purpose of which was to determine the 
presence of pronounced anti-inflammatory ac-
tivity of dry spruce strobiles extract. Spruce 
strobile extract showed pronounced anti-
inflammatory activity when administered in-

traperitoneally to rats. Moreover the effect was 
so strong that the carrageenan edema model 
itself could not develop unlike the control or 
the reference groups. Diclofenac was used as a 
reference drug, as it is one of the most popular 
NSAID today. Diclofenac showed a pro-
nounced anti-inflammatory activity, but the 
anti-inflammatory effect of the spruce strobile 
extract was higher, especially during the third 
hour of the experiment. Such observations 
were noted both in photometric and hydromet-
ric measurements. 

The RR (relative risk) of developing an in-
crease in rat paw edema in the group receiving 
diclofenac relative to the group receiving 
spruce strobile extract is 2.94 at the first hour; 
at the third hour, 3.94; at the fifth hour, 4.88. 
OR (odds ratio) that an increase in inflamma-
tion will occur in the group receiving di-
clofenac, in comparison with the group receiv-
ing the extract of spruce strobiles, equals 5 at 
the first hour, 10.15 at the third hour, and 24.4 
at the fifth hour. This indicates a more pro-
nounced anti-inflammatory effect of spruce 
strobile extract in comparison with diclofenac. 
The use of spruce strobile extract minimizes the 
risks of developing an inflammatory reaction. 

To confirm the effectiveness of spruce 
strobile extract as an anti-inflammatory agent, 
it was of interest to investigate anti-infla-
mmatory activity in different animal species. 
CD-1 mice were used as the second model 
animal. The results of exploring the anti-
inflammatory activity of spruce strobile extract 
in mice are presented in Table 3. 

T a b l e  2   
Anti-inflammatory activity of spruce strobile extract when administered intraperitoneally to rats 

Edema inhibition (%) Substance code / dose Route 
 of administration 

Assessment 
method 1 h p-value 3 hrs p-value 5 hrs p-value

Spruce strobile extract 
100 mg/kg ip Photo > 95 0.020 99.6 0.004 > 95 0.005 

Spruce strobile extract 
100 mg/kg ip Hydro 84.6 0.004 >95 0.004 93.8 0.004 

Diclofenac 10 mg/kg ip Photo 67.9 0.2403 61.8 0.0411 55.3 0.0651 
Diclofenac 10 mg/kg ip Hydro 86.1 0.0022 72.1 0.0050 45.1 0.0022 

Note: * ip – intraperitoneally; photo – measurement with an anhydrous plethysmometer, where 
an optical three-dimensional measuring system is used; hydro – measurement with a water plethys-
mometer, p (Wilcoxon signed-rank test) – p-value according to the Mann – Whitney test. Bold indi-
cates p-values < 0.05. 
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T a b l e  3  
Anti-inflammatory activity of spruce strobile extract when administered intraperitoneally to mice 

1 h 4 hrs 
Group Median Growth  

Percentage, % 
Paw edema 

inhibition (%)
Median Growth  
Percentage, % 

Paw edema 
inhibition (%)

Control 26.67 p-value - 31.29 p-value - 
Spruce strobile extract 12.75 0.0021 52.2 10.63 0.0021 66.0 

Diclofenac  11.49 0.0297 56.9 21.26 0.1244 32.0 

Note: *p (Wilcoxon signed-rank test) – p-value according to the Mann – Whitney test. Bold in-
dicates p-values < 0.05.  

 
The results of the experiment indicate pro-

nounced anti-inflammatory activity of the 
spruce strobile extract, which was confirmed in 
screening experiments on two animal species, 
when assessing the volume of edema by two 
mutually independent instrumental methods. 

Table 4 presents data on an experiment 
aimed at determining the minimum effective 
dose (to reduce the amount of substance used) 
that would also effectively suppress the in-
flammation model. For this, a small dose range 
was taken: 50 mg/kg and 10 mg/kg (data on a 
dose of 100 mg/kg are present in the previous 
experiment). 

Table 4 shows that intraperitoneal admini-
stration of spruce strobile extract at a dose of 
50 mg/kg to rats resulted in a considerable and 
statistically significant suppression of the in-
flammatory response. A dose of 50 mg/kg of 
spruce strobile extract can be used as a substitute 
for a dose of 100 mg/kg. A dose of 10 mg/kg, 

according to hydrometric data, suppresses in-
flammation (50 % suppression of edema) at the 
1st and 3rd hour after the administration of car-
rageenan (p < 0.05), but this is not confirmed 
by photometric data. 

The next stage of our work involved explor-
ing anti-inflammatory activity of the spruce stro-
bile extract when administered orally. Influence 
of the aggressive environment in the stomach 
was reduced by using microencapsulation. Since 
many anti-inflammatory drugs are used as sup-
positories, another experiment was conducted 
using this route of administration. The results of 
experiments with oral and rectal routes of ad-
ministration are presented in table 5. 

Oral administration of the extract had no 
significant effect on the inflammatory re-
sponse. When assessing the oral exposure to a 
dry aqueous extract of common spruce stro-
biles from the first to the fifth hour, we did not 
establish any statistically significant difference  

T a b l e  4  
Anti-inflammatory activity of spruce strobile extract when administered intraperitoneally 

 (dose reduction) 
Edema inhibition (%) Substance code Route  

of administration 
Assessment 

method 1 h p-value 3 hrs p-value 5 hrs p-value
Spruce strobile extract  

50 mg/kg ip Hydro > 95 0.004 > 95 0.004 > 95 0.004 

Spruce strobile extract  
10 mg/kg ip Hydro 58.5 0.001 50.2 0.001 17.9 0.001 

Spruce strobile extract  
50 mg/kg ip Photo > 95 0.032 > 95 0.008 > 95 0.008 

Spruce strobile extract  
10 mg/kg ip Photo 28.2 0.329 39.4 0.082 5 0.792 

Note: * ip – intraperitoneally; photo – measurement with an anhydrous plethysmometer, where an 
optical three-dimensional measuring system is used; hydro – measurement with a water plethysmome-
ter, p (Wilcoxon signed-rank test) – p-value according to the Mann – Whitney test. Bold indicates  
p-values < 0.05. 
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T a b l e  5  
Anti-inflammatory activity of spruce strobile extract after oral and rectal administration 

The difference between the experimental  
and control groups, p-value Substance code Route 

 of administration 
Assessment 

 method 1 h 3 hrs 5 hrs 
Spruce strobile extract 

50 mg/kg Orally Photo 0.862 0.728 0.281 

Spruce strobile extract  
in microgranules 50 mg/kg Orally  Photo 0.731 0.731 0.731 

Spruce strobile extract  
50 mg/kg Rectally Photo 0.429 0.177 0.247 

Note: * Photo – measurement with an anhydrous plethysmometer, where an optical three-dimensional 
measuring system is used, p (Wilcoxon signed-rank test) – p-value according to the Mann – Whitney test.  

 
from the control group in the inhibition of in-
flammation. Similarly, as a result of the ex-
periment with rectal administration, there was 
no statistically significant difference with the 
indicators of the control group in terms of the 
level of anti-inflammatory activity. Oral ad-
ministration of microcapsules with spruce 
strobile extract also did not reduce the severity 
of carrageenan edema. 

This study established that the concentra-
tion of procyanidins occurs when using a tech-
nique involving a stage of sediment removal by 
a sharp change in temperature. The content of 
procyanidins obtained by this method is higher 
than by using standard hot water extraction. 

Procyanidins are one of the main groups of 
biologically active substances in spruce strobile 
extract. The anti-inflammatory effect of procya-
nidins is associated with the ability to reduce the 
production of reactive oxygen species in the fo-
cus of inflammation. Reactive oxygen species 
are involved in the activation of the NF-kB (nu-
clear factor kappa-light-chain-enhancer of acti-
vated B cells) signaling system and the MAPK 
(mitogen-activated protein kinase) signaling 
pathway. The MAPK signaling pathway deter-
mines the expression of various genes by regu-
lating several pro-inflammatory factors [17]. 

Intraperitoneal injection of spruce strobile 
extract leads to a significant inhibition of the in-
flammatory response in comparison with the 
control. The anti-inflammatory activity of spruce 
strobile extract was confirmed in two animal 
species at three dose levels (100, 50, 10 mg/kg) 
using an aqueous and anhydrous plethysmome-
ter for measurement. This study may be a start-

ing point in the development of anti-
inflammatory drugs for use in medical and vet-
erinary practice. 

There are inconsistent data in the literature 
on the absorption of procyanidins from the gas-
trointestinal tract. Some studies state that pro-
cyanidins are able to be absorbed from the gas-
trointestinal tract and undergo glucuronidation 
and sulfation [18, 19]. In contrast, other studies 
have shown that procyanidins have very low 
bioavailability [20]. Bioavailability can also 
influence the severity of the anti-inflammatory 
effect of an extract. Our study showed that oral 
administration of the studied extract did not 
lead to suppression of the inflammatory re-
sponse. However, it should be noted that the 
extract was administered to the animals once; 
long-term administration of the extract has not 
been evaluated. The literature reports that the 
administration of procyanidin D1 for 23 days 
led to the suppression of the inflammatory re-
sponse against the background of rheumatoid 
arthritis [5]. This indicates that the studied ex-
tract rich in procyanidins does not show a rapid 
and pronounced anti-inflammatory effect when 
taken orally, but may be effective with long-
term oral use. 

In the environment of gastric juice, many 
substances are destroyed or change their struc-
ture. To reduce the effect of gastric juice on 
the extract of spruce strobiles, microcapsules 
with CAP were obtained. Microcapsules are 
capsules consisting of a thin shell of CAP, 
spherical or irregular in shape. The use of this 
approach makes it possible to obtain enteric 
microcapsules. Our study established that mi-
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croencapsulation did not lead to an increase in 
the anti-inflammatory activity of the spruce 
strobile extract when administered orally. This 
indicates that the absence of pronounced anti-
inflammatory activity in the spruce strobile 
extract is not associated with possible changes 
in the structure of substances in the gastroin-
testinal tract. 

Conclusion. Our study established that a 
dry aqueous extract of European spruce stro-
biles, obtained by an original method, contains a 
significant amount of procyanidins. The experi-
ments on laboratory animals established that the 
studied extract has pronounced anti-inflam-

matory activity when administered intraperito-
neally. The studied extract is active in two ani-
mal species. No pronounced anti-inflammatory 
activity has been established after oral or rectal 
administration of the extract. The features of ab-
sorption of common spruce strobiles extract and 
oral use as an anti-inflammatory agent require 
more in-depth study. 

 
Funding. The research was supported by the 

«PERM SCIENTIFIC AND EDUCATIONAL 
CENTER «RATIONAL SUBSOIL USE», 2023.  

Competing interests. The authors declare no 
competing interests.  

References 

1. Rastogi S., Arora V., Bhalla V. Pycnogenol: the hercules of antioxidants. Indian J. Drugs., 2015, 
vol. 3, pp. 5–10. 

2. Santos-Buelga C., Scalbert A. Proanthocyanidins and tannin-like compounds – nature, 
occurrence, dietary intake and effects on nutrition and health. J. Sci. Food Agric., 2000, vol. 80, no. 7, 
pp. 1094–1117. 

3. Yin M., Zhang P., Yu F., Zhang Z., Cai Q., Lu W., Li B., Qin W. [et al.]. Grape seed procyanidin 
B2 ameliorates hepatic lipid metabolism disorders in db/db mice. Molecular Medicine Reports, 2017, 
vol. 16, no. 3, pp. 2844–2850. DOI: 10.3892/mmr.2017.6900 

4. Sun P., Wang T., Chen L., Yu B.W., Jia Q., Chen K., Fan H., Li Y., Wang H. Trimer 
procyanidin oligomers contribute to the protective effects of cinnamon extracts on pancreatic β-cells in 
vitro. Acta Pharmacol. Sin., 2016, vol. 37, no. 8, pp. 1083–1090. DOI: 10.1038/aps.2016.29 

5. Shi C., Zhang H., Wang X., Jin B., Jia Q., Li Y., Yang Y. Cinnamtannin D1 attenuates 
autoimmune arthritis by regulating the balance of Th17 and Treg cells through inhibition of Aryl 
Hydrocarbon Receptor expression. Pharmacol. Res., 2020, vol. 151, pp. 104513. DOI: 
10.1016/j.phrs.2019.104513 

6. Fujita K., Kuge K., Ozawa N., Sahara S., Zaiki K., Nakaoji K., Hamada K., Takenaka Y. [et al.]. 
Cinnamtannin B-1 promotes migration of mesenchymal stem cells and accelerates wound healing in 
mice. PLoS One, 2015, vol. 10, no. 12, pp. e0144166. DOI: 10.1371/journal.pone.0144166 

7. Koteswari L.L., Kumari S., Kumar A.B., Malla R.R. A comparative anticancer study on 
procyanidin C1 against receptor positive and receptor negative breast cancer. Nat. Prod. Res., 2019, 
vol. 34, no. 22, pp. 3267–3274. DOI: 10.1080/14786419.2018.1557173 

8. Chen L., Yang Y., Yuan P., Yang Y., Chen K., Jia Q., Li Y. Immunosuppressive effects of  
A-type procyanidin oligomers from Cinnamomum tamala. Evid. Based Complement. Alternat. Med., 
2014, vol. 2014, pp. 365258. DOI: 10.1155/2014/365258 

9. Diouf P.N., Stevanovic T., Cloutier A. Study on chemical composition, antioxidant and anti-
inflammatory activities of hot water extract from Picea mariana bark and its proanthocyanidin-rich 
fractions. Food Chemistry, 2009, vol. 113, no. 4, pp. 897–902. DOI: 10.1016/j.foodchem.2008.08.016 

10. Vetal S., Bodhankar S.L., Mohan V., Thakurdesai P.A. Anti-inflammatory and anti-arthritic 
activity of type-A procyanidine polyphenols from bark of Cinnamomum zeylanicum in rats. Food Science 
and Human Wellness, 2013, vol. 2, no. 2, pp. 59–67. DOI: 10.1016/j.fshw.2013.03.003 

11. Pahwa R., Goyal A., Jialal I. Chronic Inflammation. StatPearls. Treasure Island (FL), 
StatPearls Publ., 2023. 

12. Porter L.J., Hrstich L.N., Chan B.G. The conversion of procyanidins and prodelphinidins to 
cyanidin and delphinidin. Phytochemistry, 1986, vol. 25, no. 1, pp. 223–230. DOI: 10.1016/S0031-
9422(00)94533-3 



Extract of european spruce strobiles as a promising tool to minimize the risks of inflammation      

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 157

13. Studies in Natural Products Chemistry, vol. 21. In: Atta-ur-Rahman ed. Amsterdam, Elsevier 
Science, 2000, 812 p., P. 497–570. 

14. Apushkin D.Yu., Andreev A.I., Kovalenko I.I. Opticheskii (bezvodnyi) pletizmometr 
povyshaet effektivnost' doklinicheskikh issledovanii protivovospalitel'noi aktivnosti novykh soedinenii 
[Optical (anhydrous) plethysmometer improves the efficiency of preclinical studies of the anti-
inflammatory activity of new compounds]. Vos'maya konferentsiya Rus-LASA: programma i tezisy 
dokladov, Pushchino, October 1–3, 2020, pp. 12–13 (in Russian). 

15. Apushkin D.Yu., Andreev A.I., Akhremenko E.A. Issledovanie protivovospalitel'noi aktivnosti 
ekstrakta shishek eli obyknovennoi s pomoshch'yu bezvodnogo pletizmometra [Study of the anti-
inflammatory activity of Norway spruce cone extract using an anhydrous plethysmometer]. Devyataya 
nauchno-prakticheskaya konferentsiya spetsialistov po rabote s laboratornymi zhivotnymi (Rus-LASA-9): 
tezisy dokladov, Skolkovo, December 2–4, 2021 (in Russian). 

16. Anderson M.J. A new method for non-parametric multivariate analysis of variance. Austral 
Ecology, 2001, vol. 26, no. 1, pp. 32–46. 

17. Terra X., Palozza P., Fernandez-Larrea J., Ardevol A., Blade C., Pujadas G., Salvado J., Arola L., 
Blay M.T. Procyanidin dimer B1 and trimer C1 impair inflammatory response signalling in human 
monocytes. Free Radic. Res., 2011, vol. 45, no. 5, pp. 611–619. DOI: 10.3109/10715762.2011.564165 

18. Tsang C., Auger C., Mullen W., Bornet A., Rouanet J.-M., Crozier A., Teissedre P.-L. The 
absorption, metabolism and excretion of flavan-3-ols and procyanidins following the ingestion of a grape 
seed extract by rats. Br. J. Nutr., 2005, vol. 94, no. 2, pp. 170–181. DOI: 10.1079/bjn20051480 

19. Weinert C.H., Wiese S., Rawel H.M., Esatbeyoglu T., Winterhalter P., Homann T., Kulling S.E. 
Methylation of catechins and procyanidins by rat and human catechol-o-methyltransferase: Metabolite 
profiling and molecular modeling studies. Drug Metab. Dispos., 2012, vol. 40, no. 2, pp. 353–359. DOI: 
10.1124/dmd.111.041871 

20. Sano A., Yamakoshi J., Tokutake S., Tobe K., Kubota Y., Kikuchi M. Procyanidin B1 is detected 
in human serum after intake of proanthocyanidin-rich grape seed extract. Biosci. Biotechnol. Biochem., 2003, 
vol. 67, no. 5, pp. 1140–1143. DOI: 10.1271/bbb.67.1140 

 
 
Gulyaev D.K., Apushkin D.Yu., Andreev A.I., Suldin A.S., Mashchenko P.S., Utushkina T.A., Yaku-

shina K.E. Extract of european spruce strobiles as a promising tool to minimize the risks of inflammation. 
Health Risk Analysis, 2023, no. 3, pp. 149–157. DOI: 10.21668/health.risk/2023.3.16.eng 

 
 
Received: 05.05.2023 
Approved: 11.09.2023 
Accepted for publication: 22.09.2023  



В.Ф. Садыков, Р.А. Полтавцева, А.В. Чаплыгина, Н.В. Бобкова   

Health Risk Analysis. 2023. no. 3 158 

ANALYTICAL REVIEWS 

UDC 614.878.086  
DOI: 10.21668/health.risk/2023.3.17.eng 

Read 
online 

Review 
  
MICROPLASTICS POLLUTION IN WATER IS A THREAT FOR HUMAN HEALTH 
AND THE ENVIRONMENT (LITERATURE REVIEW) 
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Microplastics pollution of water bodies and drinking water is a relevant problem caused by wide use of plastics in 

multiple industries, agriculture, manufacturing of household chemicals and medicines. Microplastics pose a threat for 
human health both due to physical effects and chemicals in their structure as well as microorganisms that can occur on 
their surface.   

Some foreign studies describe how microplastics are formed and how they can occur both in seawater and fresh water. 
There are also studies confirming microplastics to be present in seas and rivers in the Russian Federation.  

Studies that address microplastics in tissues of aquatic organisms are scarce. According to some foreign authors, 
microplastics can be absorbed by mollusks, starfish, actiniae, crabs, etc. Russian researchers provide evidence of consid-
erable quantities of microplastics found in the digestive organs of a dace fish caught in the Tom River. Several foreign 
studies have established effects produced by microplastics on reproduction, eating behavior as well as declining surviv-
ability in crustaceans and fish. 

Fish products are a well-known significant source of microplastics in human diets. Microplastics bioaccumulation 
in aquatic biota is seen as a potential health threat for organisms at higher trophic levels, including humans at the top of 
the food chain. 

Unified water sampling techniques are absent; studies that address effects of microplastics on the human body are 
scarce; there is no available methodology for hygienic standardization of microplastics in water. All this makes it necessary 
to have some research aimed at identifying sources and causes of microplastics pollution in water bodies including sources 
of drinking water supply, to assess public health risks, and to provide safe conditions for water use. 

Keywords: microplastics, water bodies, drinking water, risk factor, human health, bioaccumulation, negative impacts, 
biota, water pollution. 
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The world plastic production has been 
growing steadily as these materials are used in 
all spheres of our life. From the very moment 
plastics were invented and up to now, produc-
tion outputs have become huge. Between 1950 
and 2020, almost 9 billion tons of plastics 
were manufactured worldwide. At present, 
only 9 % of them have been recycled; 12 % 
have been combusted as energy recovery; the 
remaining 79 % have not been treated and are 
stored in landfills, illegal dumps, or just in the 
environment [1]. 

Nowadays, the global society has some 
serious concerns about plastic wastes that 
pollute water objects. Thus, the United Na-
tions Environment Program (UNEP) envis-
ages creating an international legally binding 
instrument on plastic pollution, including 
that in the marine environment [2], which 
should be agreed upon by governments of 
participating countries. Between May 29 and 
June 2, the second session of the intergov-
ernmental negotiating committee was held; 
its major aim was to develop an international 
legally binding document on cessation of 
plastic pollution in the environment. Federal 
executive authorities from Russia, including 
the Ministry of Foreign Affairs, Ministry of 
Natural Resources and Environment, and 
Sanitary Service, as well as representatives 
of the Russian Academy of Sciences and the 
Russian Environmental Operator took part in 
this session of the intergovernmental negoti-
ating committee. 

Materials and methods. We analyzed 
plastic pollution of water objects and aquatic 
biota relying on data provided in foreign and 
Russian studies. Microplastics should be 
given special attention among other plastic 
pollutants of water objects; this concerns mi-
croplastics, which are widely used in indus-
trial and agricultural products, household 
chemicals, and medications (so called ‘pri-
mary’ microplastics), or those formed by 
breakdown of larger plastic objects (‘secon-
dary’ microplastics). 

Microplastics can be potentially hazard-
ous for human health due to their physical ef-
fects, chemicals in their structure, as well as 

due to microorganisms in films occurring on 
their surface. 

Microplastics were first reported in plank-
ton samples as far back as in 1970es; however, 
they were not given much attention by re-
search society until early 2000es. ‘Microplas-
tic’ as a concept was first introduced in re-
search literature in 2004 by Richard Thomp-
son, a world-leading marine scientist. Some 
researchers believe that microplastics initially 
represent larger plastic elements, which then 
break down to smaller particles sized between 
1 and 5 µm [3–12]. 

Results of investigating microplastics in 
water objects. The aquatic environment 
nowadays is attracting more and more atten-
tion worldwide. This is due to steadily grow-
ing amounts of microplastics consisting of 
widely spread plastics including polyethyl-
ene, polystyrene, polypropylene, polyamides, 
and polyvinyl chloride. These plastics differ 
not only in size but also in shapes and spe-
cific density and, as a rule are identified in 
water objects. Microplastics in water are able 
to absorb various pollutants such as pesti-
cides, pharmaceuticals, personal care items, 
metals and microorganisms and carry them 
into various ecosystems.  

Studies by A.I. Andrady (2011) and other 
researchers established that plastics reduce 
their molecular mass under exposure to solar 
ultraviolet radiation and some mechanic 
forces, for example, waves and rising tides. 
This results in their breakdown into smaller 
fragments. These plastic fragments are rather 
fragile and can crumble to powder-like parti-
cles, which quite often turn out to be mi-
croplastics. Simultaneously, chemicals are 
washed out from plastics thereby making the 
aquatic environment more toxic. Therefore, 
water pollution with microplastics is becom-
ing an urgent issue related to preservation of 
ecological stability of water objects [13–20]. 
Fresh water is also prone to microplastics pol-
lution. In 2014, М. Eriksen with colleagues 
published the first study of open water that 
aimed to identify plastic pollution in the 
Great Lakes. Samples were taken in 21 spots 
in three lakes (the Lakes Superior, Huron, and 
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Erie) and examined by scanning electron mi-
croscopy (SEM). All the samples but one 
contained plastics. Their average quantity 
equaled 43,157 particles per km2. 

Samples from Lake Erie had the highest 
levels of microplastics accounting for 85 % of 
all microplastic particles collected in all the 
analyzed samples. The identified particles 
sized between 0.36 and 0.99 mm. Five catego-
ries of microplastics were identified; granules 
and fragments were the most widely spread 
accounting for 81 % of the total quantity of 
particles [21]. 

So far, field studies focusing on plastic 
pollution have been accomplished in ten seas 
in Russia [22].  

Considerable amounts of plastic enter Rus-
sian Arctic seas with the Atlantic Ocean cur-
rents that flow from densely populated areas in 
Europe and America. The maximum amount of 
plastic microparticles that equaled 30 items  
per m3 was identified in the Barents Sea. 
Smaller amounts were identified in the Kara 
Sea (9 items per m3), the Laptev Sea (7 items 
per m3), the White Sea (6.42 items per m3), and 
the East Siberian Sea (2 items per m3), although 
large rivers of the Russian European North and 
Siberia (the Northern Dvina, Ob, Yenisei, Lena 
and some others) flow into these seas. Quantita-
tive contributions made by these rivers to mi-
croplastic pollution of the Arctic Ocean and its 
seas still remain unknown. 

Microplastics can enter Russian seas with 
the Pacific Ocean currents. Elevated microplas-
tics levels in the Chuckchee Sea (up to 26 items 
per m3), the Bering Sea (up to 81 items per m3), 
and the Sea of Okhotsk (up to 357 items per 
m3) may result from this circumstance.  

Microplastics levels identified in Inland 
seas of the Atlantic Ocean did not differ sub-
stantially from those identified in the Arctic 
Ocean seas. The Baltic Sea waters contained 
microplastics in levels less than 10 items per m3; 
the Black Sea waters, up to 7 items per m3. 

Recently, microplastics levels have been 
analyzed in freshwater of large Russian riv-
ers. Microplastic quantification in water sam-
ples established the largest amounts of mi-
croplastic particles in Kazanka, a left tribu-

tary of the Volga (up to 210 items per m3); 
Vychegda, a tributary of the North Dvina 
(76 items per m3); the Ob (51 items per m3); 
the Tom (44 items per m3), and the Mesha 
River, a tributary of the Kama River (41 items 
per m3). At the same time, lower levels of mi-
croplastic pollution were identified in Ishim 
(4.56 items per m3), Volga (up to 4.10 items 
per m3), Yenisei (2.95 items per m3), and 
Lower Tunguska (2.58 items per m3). Micro-
plastic pollution was also found in Baykal, its 
level varying between 0.03 and 3.85 items per 
m3. These research results indicate that mi-
croplastic levels differ greatly in fresh water 
of large Russian rivers depending on a region. 
Further research of the issue requires more 
detailed investigations in various water ob-
jects considering not only their geographic 
locations but also such factors as industrial 
objects in close proximity to them, population 
density, and the like (Figure 1). 

Studies that address microplastics in tis-
sues of aquatic organisms are scarce. Accord-
ing to some foreign authors, microplastics can 
be absorbed by Arctic biota including mol-
lusks, starfish, actiniae, crabs, etc. (Figure 2).  

The highest levels of microparticles were 
identified in blue mussels (4.29–10.81 items 
per specimen) in the Barents Sea; the lowest 
ones, in opilio crabs (0.0–0.6 items per speci-
men) in the Chuckchee Sea. Among the 
Chuckchee Sea biota, elevated microplastic 
levels were identified in actiniae (0.2–1.7 
items per specimen) and starfish (0.04–1.67 
items per specimen) [23–25]. 

It is noteworthy that investigations with 
their focus on identifying microplastics in 
fresh water biota have been given much less 
attention in research literature. 

In Russia, levels of microplastics were 
first investigated in organisms living in water 
objects in Russia by experts from the Research 
Center of the Biological Institute of the Tomsk 
State University within the project on investi-
gating levels of pollution in the Ob River and 
its tributaries. They established considerable 
levels of microplastics (sized between 0.15 
and 2.00 µm) in the gastrointestinal tract of a 
dace fish caught in the Tom River. 
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Figure 1. Microplastic levels in rivers in the Russian Federation  

 
Figure 2. Microplastic levels in aquatic organisms [26–28] 

Effects produced by microplastics on 
living organisms. Data on influence of mi-
croplastics on the aquatic environment and 
biota in Russia are scarce. However, such 
data can be found in foreign publications re-
porting some adverse effects produced by mi-
croplastics on the reproductive behavior and 
food habits. 

Physical properties of microplastics in-
clude size, shape, surface, and ability to absorb 

chemical pollutants and pathogens along food 
chains. 

As reported in the study [29], microplastic 
bioaccumulation in the aquatic biota is consid-
ered a potential threat for organisms at higher 
trophic levels. Microplastic pollution can have 
adverse effects on human health as well since 
people are at the top of the food chain. Sea-
food is the most hazardous in this respect;  
the aforementioned study reports that regular
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Microplastic levels in fishes’ organs [32–35] 

Species / taxons Organs Levels Average length 
(µm) Microplastic type 

gills 71.7 ± 9.3 × 10
4
 µg/kg 

liver 36.6 ± 1.0 × 10
4
 µg/kg 

The Nile tilapia  
Oreochromis niloticus 

brain 40.5 ± 0.6 × 10
4 
µg/kg 

0.1 PS (100 µg /l) 

gills 
liver 

The red mullet  
Mullus barbatus 

the Black Sea shad  
Alosa immaculata brain 

- 50–200 PC 
PA 

muscles 14 items per specimen < 250 The bartail flathead  
Platycephalus indicus gills 17 items per specimen 100–250 Not identified 

 
consumption of such food products may result 
in 11,000 microplastic particles annually pene-
trating the human body. 

Drinking water might be another source 
of microplastic introduction into the body [30]. 
It is common thinking that bottled water con-
sumption results in 90,000 particles penetrat-
ing the body annually whereas tap water con-
tains particles in much lower levels and intake 
quantities in this case are up to 4000. Micro-
plastics and other toxic products can penetrate 
the body from package probably due to im-
proper storage conditions and temperatures as 
well as when people use plastic packages with 
mechanical damages of their walls.  

S.A. Mason with colleagues examined 
drinking water from 259 bottles of 11 global 
brands that were bought in different countries. 
Microplastics were found in 93 % of the ana-
lyzed samples [31]. 

Some studies report that microplastics 
sized more than 0.15 µm are not likely to be 
absorbed in the gastrointestinal tract and those 
sized less than 0.15 µm are able to penetrate 
from the GIT into lymph and the circulatory 
system. For example, microparticles were 
found in lymph and cytoplasm of some fishes 
(Table). 

Microplastics were found in 80 % of liver 
samples of 13 analyzed fish specimens caught 
in the Mediterranean Sea. Moreover, after mi-
croplastics have entered fish blood flow, they 
can accumulate in muscles, gills, and liver. 
Microplastics accumulated in fish organs can 
migrate into other organisms at higher trophic 
levels along the food chain.  

Several foreign researchers identified mi-
croplastic particles in human vein bloodflow 
tissues, which can be considered evidence of 
possible transport of microplastics within hu-
man tissues, specifically blood vessels [34].  

Plastics are made of various chemical 
compounds. Some of them are hazardous and 
can be leached into the environment when 
plastics undergo breakdown. Plastics usually 
contain some admixtures that make them 
more durable and elastic. When these admix-
tures are leached from plastics into the envi-
ronment, they can affect not only the aquatic 
environment but human health as well [35].  

Conclusion. Data available in research 
publications indicate that microplastics are po-
tential and priority pollutants of sea and fresh 
water objects, aquatic biota and drinking water 
sources in the Russian Federation. However, 
there are no convincing data on clinically sig-
nificant health outcomes caused by exposure 
to microplastics or unified procedures for 
sampling of water or bottom sediments. 

Effects produced by microplastics have 
not been examined properly and a methodol-
ogy for establishing hygienic standards of mi-
croplastic levels in water has not been devel-
oped either. Therefore, is necessary to accom-
plish investigations aimed at: 

 identifying sources and reasons for mi-
croplastic pollution in water objects, including 
drinking water sources;  

 developing unified procedures for 
sampling of water and bottom sediments; 

 comprehensive examination of mi-
croplastics as a new exposure factor includ-
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ing its identification by using up-to-date 
methods; 

 examining influence of microplastics 
on the human body and developing hygienic 
standards for their levels in water objects;  

 examining protection functions of wa-
ter intake structures with respect to microplas-

tics in order to provide population with safe 
and qualitative water.  
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The COVID-19 pandemic created elevated risks for life and health of overwhelming majority of people all over the 

world. The situation called for global restructuring of activities performed by social institutions as well as for adaptation of 
people’s routine behaviors to this new reality. Common people faced a serious challenge of selecting an optimal self-
preservation model that would allow achieving the maximum possible mitigation of health risks. This review covers empiri-
cal foreign studies with their focus on people’s health-related behavior during the COVID-19 pandemic with its aim being to 
identify different types of individual strategies for health risk mitigation. 

During the pandemic, protective behavior was influenced by social, cultural, sociodemographic, and individual and 
personality-related factors. Effects of micro-factors (age or education) could be different depending on a country. High 
healthcare literacy was a factor of selecting a protective behavior model regardless of any other characteristics. 

We can spot out three basic strategies for mitigating health risks under high epidemiological hazard: 1) a maximum 
protection strategy involving adherence to most medical recommendations on prevention of the coronavirus infection;  
2) a dominating protection strategy that involves adherence to some basic recommendations (face mask wearing, frequent 
hand washing, and self-isolation); 3) a mixed strategy that includes periodical adherence to some recommendations on pre-
vention of the infection, on the one hand, and some risky behaviors, on the other hand. 

Behavior strategies aimed at mental health protection are various and include, for example, those that are oriented at 
social networks as much as only possible (a strategy involving search for emotional support or an attempt to keep social 
contacts), as well as isolation strategies and deviant strategies. 

Some studies covered in the review suggest ways to consider peculiarities of individual and family behavior during the 
pandemics when solving tasks related to risks of infections spread in future. 

Keywords: pandemic, health risks, self-protective behavior, health-related behavior, coronavirus infection, risk miti-
gation strategies, maximum protection strategy, dominating protection strategy. 
 

 
On May 05, 2023 T. Ghebreyesus, the Di-

rector-General of the World Health Organiza-
tion (WHO), declared the COVID-19 pan-
demic to be officially over1 thus summing up a 
more than 3-year period of this topic hitting 
headlines all over the world. The COVID-19 
pandemic has become the most serious chal-
lenge for the whole humankind in the 21st cen-
tury; it is an integral part of the historical con-
text now, along with several other natural 
regulators of the global population such as 
pandemic outbreaks of plague, leprosy, chol-
era, and Spanish flue [1]. According to the 

WHO global report, the COVID-19 pandemic 
caused 14.9 million additional deaths in  
2020–2021 and resulted in 336.8 million of 
lost years of life worldwide2.  

Lifestyles had to be changed globally 
due to anti-epidemic measures introduced by 
most countries; as a result, a customary 
worldview turned out to be fragile and vul-
nerable in the face of invisible and obscure 
danger. This process stimulates thinking 
about humans’ place, role, and capabilities 
within the system of their interaction with 
the world around.  

__________________________ 
 
 Sudin S.А., 2023 
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ment of Lobachevsky State University of Nizhny Novgorod (e-mail: sudjin@mail.ru; ORCID: http://orcid.org/0000-0002-3625-6804). 
1 WHO Director-General's opening remarks at the media briefing – 5 May 2023. WHO. Available at: https://www.who.int/director-

general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing---5-may-2023 (September 01, 2023). 
2 World health statistics 2023: monitoring health for the SDGs, sustainable development goals: Global report. WHO, 2023. 
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This pandemic has become a striking ex-
ample of what negative consequences global-
ization might have thereby providing its oppo-
nents with new arguments and starting new 
discussions in scientific and common dis-
course [2]. The speed of the virus spread all 
over the world has clearly shown strength of 
social connections and density of economic, 
cultural, and political interdependencies in the 
global society. Hazards created by the virus 
persuaded the world it was necessary to com-
bine efforts to fight against the common dan-
ger together, at least, for a while.  

Social and political aspects of the pan-
demic have become apparent through selecting 
specific anti-epidemic procedures introduced 
in a whole state, starting from total isolation 
and severe sanctions for breaching it as it was 
in China and down to efforts to naturally 
achieve something like ‘collective immunity’ 
under minimal social restrictions and with 
relatively slow vaccination. Different models 
of fighting against the COVID-19 pandemic 
had different effects in population incidence 
and mortality [3]. 

The pandemic has again attracted the hu-
mankind attention to social inequality as a 
global issue by showing greater vulnerability 
to the infection among people from tradition-
ally deprived social groups and countries, 
which are underdeveloped socially and eco-
nomically [4]. 

From the very first days of the pandemic, 
the COVID-19 virus turned out to have an as-
tonishing ability to potentiate hazards posed by 
already existing health issues, which, in an or-
dinary situation, would only create some mi-
nor difficulties in patients’ lives. Such diagno-
ses as obesity or diabetes mellitus, when they 
were combined with the coronavirus infection, 
turned into a powerful health risk factor that 
could cause a patient’s death or result in a very 
severe disease, complicated treatment and un-
favorable outcome [5, 6]. Since some effective 
mechanisms of public aid were absent, per-
sonal responsibility for one’s health became 
such an acute problem as never before. Under-
standing that the issue was complex in its es-
sence facilitated occurrence of fundamentally 

new health protective patterns as regards not 
only the COVID-19 itself but any concomitant 
diseases as well. 

The aim of this study was to identify 
types of individual strategies aimed at mitigat-
ing health risks and adopted by population un-
der high epidemiological hazard. We are mak-
ing an effort to answer several questions rely-
ing on the results of foreign studies in the 
process. How did the COVID-19 pandemic 
change self-protective behavior worldwide? 
To what extent did medical recommendations 
on prevention of the disease become a part of a 
new lifestyle? What social and demographic 
variables had the greatest effects on readiness 
to follow risk-mitigating recommendations and 
vice versa? And, finally, what classical and 
modern theories of self-protective behavior 
turned out to be the most relevant for explain-
ing these processes? 

In our opinion, a very important circum-
stance should be highlighted since it makes 
this challenge more difficult than it appears at 
first. Despite severe global consequences, the 
pandemic has still turned out to be a quite 
rapid, many-aspect, and many-sided process. 
Results derived by studies that were accom-
plished during the first stages in the pandemic 
can be totally different from those obtained at 
some later stages when a level of a perceived 
risk has become significantly higher and stud-
ies have become more fundamental.  

Social and demographic factors that de-
termine protective behavior. The theory of 
planned behavior by I. Ajzen [7] was selected 
by foreign researchers as the basic conceptual 
scheme. By using it, they were able to explain 
individual choices as regards a strategy for 
health risk mitigation, transformation of a life-
style, and adherence to healthcare recommen-
dations during the pandemic. Perceived behav-
ioral control, the key category within this con-
cept, reflects the subjective complexity of 
adherence to various healthcare recommenda-
tions and ultimately determines a behavioral 
pattern. Subjective norms, behavior accepted 
in a social setting, and cultural peculiarities of 
a specific society are other variables that con-
tribute to formation of such patterns. Individ-



S.А. Sudin  

Health Risk Analysis. 2023. no. 3 168 

ual adherence to prevention behavior and 
analysis of factors that promote its formation 
became the first and the most significant re-
search challenge within healthcare sociology 
under the pandemic. 

Since the COVID-19 infection was a res-
piratory one, this made it possible to create 
clear and universal recommendations on how 
to prevent it from spreading. They included 
face mask wearing, frequent hand sanitation, 
regular disinfection of surfaces, use of sani-
tizers, avoiding touching one’s face, hiding 
one’s face into the bend of elbow when cough-
ing, keeping a proper social distance, and stay-
ing home when infected3. Although the rec-
ommendations were really clear and quite 
simple, adherence to them turned out to be 
rather problematic. For example, long-term 
keeping of a social distance or social isolation 
can be rather challenging since people tend to 
adapt to risks, fight against loneliness and try 
to return to their ordinary lifestyles thereby 
refusing to observe protective measures [8]. 

A research team from two research cen-
ters in Florida, USA, made an effort to inves-
tigate a connection between perceived behav-
ioral control, attitudes, and subjective norms, 
and whether people used all the aforemen-
tioned prevention measures in their everyday 
life [9]. The authors made several very inter-
esting conclusions that confirmed basic con-
ceptual postulates of the theory of planned 
behavior. First of all, they again mentioned a 
more significant role that belonged to behav-
ioral control in formation of most components 
of preventive behavior against individual atti-
tudes and influences exerted by social set-
tings. In practical terms, this means that some 
effective measures would include removing 
barriers that make adherence to recommenda-
tions more difficult or emphasizing easier 
ways of participating in specific preventive 
behavior. The most obvious examples are 
automatic hand sanitizers that can be found 
everywhere and face masks distributed free of 
charge.  

Age has become a variable able to influence 
adherence to preventive behavior. Just as ex-
pected, people from older age groups were more 
responsible in comparison with younger ones as 
regards the majority of the recommended behav-
ioral models. A study that was conducted in the 
USA on a national sample of adult population in 
the first half of 2020 showed that people aged 
60 years and older followed the basic recom-
mendations authentically more frequently (wear-
ing a mask, washing of hands, and social dis-
tancing) than people of younger ages [10]. Data 
obtained by a sociological survey in spring 2020 
in Germany showed that responsible healthcare 
behavior was more likely to be adopted by older 
respondents but still there was a certain decrease 
in readiness to keep social distance and adhere to 
personal hygiene [11]. A study conducted in late 
2020 – early 2021 in Greece established that 
people from younger age groups (18–30 years) 
more often denied the validity of scientific data 
and mass media reports about COVID-19 and 
this resulted in less responsible behavior [12].  

Among other social and demographic 
factors of protective behavior, attention 
should also be paid to gender-related one: 
women and girls are traditionally more prone 
to protective health behavior during the pan-
demic [13]. Obviously, the persistent gender-
related effect exists in any age group as re-
gards preventive behaviors [14]. A possible 
interpretation could be different personality 
characteristics, namely, women tend to score 
higher than men on agreeableness and consci-
entiousness, and to be more willing to comply 
with a set of protective health behaviors [15]. 
Differences in the gender contract and pecu-
liar social roles of men and women can be 
another possible explanation. For example, 
women in general tend to be neater and 
cleaner, take care of sick people more often 
and therefore adopt more serious attitudes 
towards safety precautions; women spend 
more time at home and, consequently, have 
fewer social contacts, adapt to self-isolation 
more rapidly and easier, etc. This means that 

__________________________ 
 
3 COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes 

of Health. Available at: https://www.covid19treatmentguidelines.nih.gov/ (September 05, 2023). 
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it may be necessary to conduct more targeted 
information campaigns for men and boys who 
are traditionally more prone to risky behav-
iors and tend to underestimate hazard.  

Understanding one’s individual suscepti-
bility to COVID-19 turned out to be a signifi-
cant factor determining formation of protec-
tive health behavior. A study conducted in 
late 2020 in Germany established several fac-
tors able to create elevated risks; an age older 
than 50 years (33 %) and an existing basic 
disease (32 %) were mentioned more fre-
quently. Obviously, all the respondents had 
high levels of adherence to recommended 
safety precautions. It was especially true for 
avoiding direct social contacts; refusing par-
ties, trips or handshakes; keeping social dis-
tance and wearing a face mask (each behavior 
scored higher than 88 %) [16]. Overall, high 
levels of compliance with infection control 
measures were identified in other studies 
conducted in Germany [17]. 

Choice of a behavioral strategy during the 
pandemic was also determined by fear of the 
disease and trust in information sources [18]. 
An international study conducted in West 
European countries and the USA during the 
first pandemic wave established that COVID-
19 worry was authentically associated with 
selecting a protective behavior strategy. Self-
efficacy had a much more substantial effect on 
individual behavior; it was described with self-
estimation of competence and ability to act 
[19]. Overall, health literacy (awareness) was 
considered the key competence and the man-
datory condition for understanding and esti-
mating COVID-19-related instructions pro-
vided by healthcare organizations and work-
ers; the ability to use them in everyday 
practices to control and prevent the infection; 
as well as protection of one’s own physical 
and mental health and health of close relatives 
and friends. High health literacy was also a 
significant factor able to produce positive ef-
fects on vaccination [20]. 

Some foreign studies provide certain data 
on high health literacy with respect to prevent-
ing and treating COVID-19 both by a popula-
tion in general and by some specific social and 

occupational groups [21]. Results of a survey 
conducted in Germany in spring 2020 indicate 
that up to 80 % of the respondents believed 
they were very well or well informed about the 
pandemic [22]. It was very easy or easy for 
these citizens, from their subjective point of 
view, to behave in such a way so that they did 
not infect other people, to understand govern-
ment instructions on how to protect themselves 
from the coronavirus, to estimate measures 
that protected from the infection and behav-
ioral models that created the highest health 
risks for them, and to make decisions on how 
to protect themselves from the coronavirus in-
fection relying on information provided in 
mass media [23]. On the one hand, these re-
sults were quite expected considering univer-
sal spread of health information in mass me-
dia, research articles, and everyday discourse. 
On the other hand, these results can be consid-
ered unreliably optimistic due to two circum-
stances typical for similar surveys. First, the 
pandemic had no equal as an event facilitating 
popularity of online surveys, which became 
the basic way to collect empirical data. Conse-
quently, the analyzed sample did not include 
people without access to the Internet. And if 
we bear in mind that elderly people are obvi-
ously expected to prevail among them, we 
should accept the fact that a very important 
information block, which concerned the most 
vulnerable social and demographic group, was 
neglected by the analysis. Second, the reported 
data were self-estimations in their essence and 
did not show how knowledge was transformed 
into routine behavior. 

Extreme presentation of the pandemic 
and protective health behavior in mass media 
(social media included) had certain draw-
backs, first of all, information overload of au-
diences [24]. In addition to that, uncertainty 
grew among people whose health literacy was 
low. Deficit of health knowledge prevented 
them from adequate or critical perception of 
information and created controversial strate-
gies of protective health behavior. Thus, a 
survey conducted among people in Germany 
established that most respondents who be-
lieved they were well aware of COVID-19-
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related issues either did not have any con-
cerns about risks of infection or had very few 
whereas low concerns were typically men-
tioned by only 19 % of those respondents 
who were rather poorly informed of the mat-
ter [23]. This regularity seems universal and 
is not either gender- or age-dependent. Health 
literacy that helps estimate and use informa-
tion correctly can be eligible for eliminating 
this difference. It is worth noting that differ-
ent sources of information can have different 
influence on adherence to them and diagnos-
tics of communication channel effectiveness 
becomes a separate important task.  

Individual and personal factors of pro-
tective health behavior. People are different as 
regards concern, readiness, and expectations in 
an emergency; they have different levels of 
conscientiousness and responsibility. Knowing 
how a personality reveals itself during a com-
plicated epidemic situation can help predicting 
behavior under future outbreaks of communi-
cable diseases and provide relevant recom-
mendations for executive authorities on how to 
develop effective advice considering individ-
ual peculiarities. 

The five-factor model of personality 
(FFM) is the most popular theoretical frame-
work for factoring of the entire variety of per-
sonal traits, mostly due to its relative simplic-
ity. The model was developed by conducting 
some series of studies as far back as 1960ties 
[25]. The model inserts the personality into the 
system of five basic coordinates; two of them, 
namely ‘Self-control – Impulsivity’ and ‘Emo-
tionality – Calmness’ are of direct interest 
within our subject. Conscientiousness is a trait 
on the first axis and neuroticism is one on the 
second. It is these traits that are considered ba-
sic personality determinants responsible for 
formation of attitudes towards a disease and 
protective health behavior [26]. 

It seems quite logical to assume that 
people with high conscientiousness take 
more safety precautions to avoid getting in-
fected with the coronavirus. This conclusion 
is consistent with data reported in several 
studies with their focus on health behavior 
[27], including those focused on COVID-19 

prevention. Since conscientiousness is char-
acterized by orderliness, responsibility, im-
pulse control, and self-discipline, people 
who score high with respect to this trait are 
more likely to comply with recommenda-
tions on safety precautions. People with high 
scores on extraversion are not prone to esti-
mate duration of the pandemic pessimisti-
cally, have sufficient reserves of internal en-
ergy, and assess their life and health more 
positively. It is noteworthy that higher extra-
version was also established to be associated 
with higher concern and it seems to contra-
dict to the aforementioned facts. However, 
any concerns about the pandemic should not 
be considered equal to pessimism; to some 
extent, they can be a justified rational reac-
tion to an objective hazard. The latter cir-
cumstance can also occur due to a high cor-
relation between conscientiousness and ex-
traversion, which becomes apparent, among 
other things, through taking care of family 
and friends.   

Neuroticism reflects proneness to irrita-
tion, anger, sadness, concern, anxiety, and hos-
tility. No wonder, that people with high neu-
roticism reported strong concerns and were 
pessimistic in their estimates of the COVID-19 
pandemic duration [28]. People high in neu-
roticism have more chronic negative emotions, 
react to psychological traumatic experiences 
especially acutely and largely rely on emotion 
regulation strategies [29]. Despite their overall 
hypochondriac orientation, people high in neu-
roticism adhere to fewer safety precautions. 
However, this is due to elevated proneness to 
depression that is typical for them, since some 
studies on COVID-19 report that higher neu-
roticism was associated with a tendency to 
keep social distancing and hygienic behavior, 
for example, hand washing and avoiding 
touching the face. 

A conclusion on the role that belongs to 
the ethnic factor in formation of behavioral 
strategies under the pandemic became an 
important fact typical for the American re-
search. African Americans and Hispanics 
tended to have greater concerns and relevant 
readiness to take more precautions [30]. 
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Whites, on the contrary, turned out to be 
more careless as regards four aspects of the 
pandemic: concerns, precautions, COVID-19 
duration estimates, and preparatory behavior; 
the latter meant stocking foods or medica-
tions to reduce the need to go out during the 
isolation period. This also correlates with 
lower social and economic adaptation and 
wellbeing of the aforementioned ethnical 
groups, which makes them more responsible 
under a global crisis [31]. 

The sociological approach stimulates au-
thors to look for regularities of influence indi-
vidual psychological traits may have on behav-
ioral patterns in any other hazardous situa-
tions. Neurotic reactions are counter-produ-
ctive just as conscientiousness, fair practices 
and optimism are useful, and this is obvious 
and universal in any critical situation. How-
ever, similar studies with their focus on factors 
that shape protective behavioral patterns under 
the pandemic (or any other global crisis) high-
light the idea that individual and psychological 
peculiarities will unavoidably have lesser role 
in distribution of data in future. In other words, 
personality traits cease to be those variables 
that determine behavioral peculiarities of spe-
cific social and other groups in the face of 
grave dangers threatening a population as a 
whole.  

Role of the family in selecting a risk 
mitigation strategy. Family support had the 
key role in choices of protective strategies 
made by an individual during the COVID-19 
pandemic. Studies that were conducted in 
various periods of the pandemic in North 
America, Western Europe, and Asia estab-
lished that support provided by family, rela-
tives, and friends authentically increased like-
lihood that an individual would choose protec-
tive health behavior [32–34]. An interstate 
study accomplished in summer 2020 on a rep-
resentative sample made of 6990 people 
showed that support provided by ‘significant 
others’ was a more substantial determinant of 
choosing health-protective behavior than sex, 
socioeconomic status, health state, and con-
cerns about the pandemic [35]. A survey con-
ducted among Israeli adolescents during the 

first (April 2020) and the second (September 
2020) lockdown established that risk-inducing 
behavior (alcohol abuse, tobacco and mari-
juana smoking) was more typical for children 
from families with weak family support [36]. 

It was rather difficult for families to im-
plement social support functions effectively 
due to unavoidable intra-family transforma-
tions associated with the pandemic. Due to 
anti-epidemic measures, primarily self-iso-
lation and quarantine, families were forced to 
change their ordinary life, redistribute roles 
and revise interactions inside the system and 
contacts with the outer world. The fact that 
any family was to some extent influenced by 
the pandemic is obvious at least due to the 
complexity of family systems, variety of  
family sub-institutions, intra-family roles and 
interactions and each family being a unique 
small social group. The basic questions here 
are how exactly they were influenced; what 
sub-institutions and sub-systems were affected 
the most and the least; and what factors caused 
the observable effects. 

Positive experience of intra-family func-
tioning prior to the pandemic is the key factor 
that determines positive adaptation of a given 
family to COVID-19. Such families tend to 
score high in mental health and internal integra-
tion, which provides adequate ability to adapt 
under uncertainty and chaos. It is these con-
cepts taken from the family stress theory that 
are usually applied by foreign researchers to 
describe reactions of family systems to isolation 
and emotional state of their members [37]. 
Forced confinement to a closed space, disrupted 
connections with the outer world, unemploy-
ment, and a decrease in living standards could 
not fail to induce changes in the balance of au-
thority relations, statuses, and roles, education 
processes, and quality of parent-child and sis-
ter-brother relationships. This called for re-
adjusting all the components in the family sys-
tems, which, in its turn, led to responses by sub-
systems and individuals, from reserved accep-
tance to blunt protest [38, 39]. 

Within the health protection context, it 
should be noted that these circumstances cause 
elevated parental stress, depression and con-
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cern. This may create risks of mental disorders 
and use of psychoactive drugs not only by par-
ents but by adolescents and young students as 
well. Adolescents also had elevated risks of 
mental disorders due to weaker support pro-
vided by their counterparts and loneliness dur-
ing the pandemic [40]. Telemedicine and other 
distant consulting were deemed promising un-
der these new conditions; however, prospects 
of their use also turned out to be rather am-
biguous. At present, new data are reported in 
some studies that such interventions that rely 
on technologies and do not provide direct con-
tacts are not effective in working with socially 
challenged population groups. Therefore, it is 
necessary to adapt telemedicine services for 
families in difficult situations to avoid aggra-
vating the existing disparity in access to 
healthcare. This includes providing access to 
relevant technologies.  

Dynamics of family violence is another 
significant indicator that describes family 
health within the pandemic context [41]. It can 
be considered a destructive but rather expected 
reaction to family disorganization when any 
potential conventional means of harmonization 
have been depleted but the problem has not 
been solved yet. Universal nature of family 
violence, that is, absence of any binding to 
specific risk groups, and its occurrence in any 
social layer makes it a very sensitive indicator 
of family stress levels. Comparative analysis 
of its dynamics during the pandemic and prior 
to it makes it possible to illustrate influence 
exerted by anti-epidemic measures on family 
stress levels [42]. 

The gender-specific approach, which is 
typical for western scientific research, con-
siders women and children primary victims 
of family violence; therefore, other family 
members rather rarely appear in this context. 
Statistical analysis of complaints about  
family violence revealed that the number of 
complaints about domestic abuse of a spouse 
grew during the quarantine but the number 
of complaints about violence towards chil-

dren went down. The latter is most likely due 
to a reduction in contacts between children 
and employees of organizations responsible 
for detecting infringements of civil rights 
and activating various mechanisms of social 
protection.  

Two recommendations were the most 
widely spread in the analyzed studies. First, it 
was necessary to provide digital access to ser-
vices; and second, to develop skills of educa-
tion and healthcare experts as regards using 
online platforms to identify signs of family 
violence. It was also recommended to provide 
better training and funding for workers of psy-
chiatric and social services to effectively pre-
vent family violence, especially during the 
pandemic. However, let us again highlight the 
necessity to employ a differentiated approach 
to using digital technologies and providing 
equal access to online services for various so-
cial groups. 

Mental health protection strategies. The 
necessity to change customary lifestyles, de-
struction of traditional work or study regimes, 
forced self-isolation, and confinement to a 
closed space with the same people for several 
weeks or even months became a grave chal-
lenge for human psyche. This called for select-
ing effective strategies aimed at mental health 
protection. According to the WHO reports, 
prevalence of anxiety disorders and depression 
grew by 25 % worldwide during the first year 
of the COVID-19 pandemic4.  

The pandemic can be described in dy-
namics by changes in its stages: the begin-
ning, crisis, lockdown, re-orientation and the 
new reality. Each stage has its typical domi-
nating psychological experiences. Thus, 
German researchers reported the highest gen-
eralized anxiety at the lockdown stage since 
10 % of the respondents mentioned the symp-
tom being rather severe and this was by far 
higher than prior to the pandemic.  Depres-
sion occurred at all stages in the pandemic 
until the new reality was formed; its levels 
grew from 5.6 to 22 % [43]. 

__________________________ 
 
4 COVID-19 pandemic triggers 25 % increase in prevalence of anxiety and depression worldwide. WHO. Available at: 

https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-
worldwide (September 05, 2023). 
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According to the US Centers for Disease 
Control and Prevention, as of June 2020, al-
most one third of adults in the country suffered 
from anxiety or depression [44]. These levels 
were almost twofold among older male ado-
lescents, that is, the social group with preva-
lence of mental disorders already growing sig-
nificantly in it over the last decade. More than 
60 % of people aged between 18 and 24 years 
were susceptible to depression or anxiety and 
one fourth of them reported they had been 
thinking about suicide during the previous 
month. These estimates give evidence of a 
considerable growth in depression since its 
prevalence was about 11 % among adults and 
about 25 % among American college students 
prior to the pandemic in 2019. 

This rise in prevalence of depression oc-
curred immediately after such safety precau-
tions as social distancing and self-isolation had 
been introduced.  They led to a drastic change 
in physical activity, sleep, and leisure, espe-
cially at the beginning of the pandemic in 
March and April 2020 against uncertain pros-
pects of the disease spread and unknown dura-
tion of forced self-isolation. It was noted that 
risks of depression were considerably higher 
for students who had to study during the pan-
demic adhering to anti-epidemic measures 
than for their counterparts from previous co-
horts [45]. This gives evidence that the pan-
demic was able to intensify the relationship 
between maintaining customary lifestyles and 
mental health. It is noteworthy that an experi-
ment was conducted when a group of students 
returned to their former levels of physical ac-
tivity for one and a half month; as a result, 
their mental health did not improve [46]. This 
fact may indicate that physical activity does 
not have any intrinsic value but is rather a 
form of social interaction that was almost 
completely shut down by anti-epidemic re-
strictions. Switching to distance learning also 

made its contribution to risks for physical and 
mental health since it aggravated a decrease in 
physical activity and intensified communica-
tive deprivation even when the actual and vir-
tual reality came closer to each other. The only 
positive result that can be mentioned here is 
that these data outline some promising trends 
in future research with its focus on mental 
health recovery. 

Another obvious assumption is that an as-
sociation between physical activity and subjec-
tive wellbeing is primarily determined by the 
initial level of mental health and not by a life-
style. That is, changes in physical activity, du-
ration of sleep or behavioral models of spend-
ing free time as such can be early symptoms of 
depression. Moreover, both physical activity 
and mental disorders can be determined by ba-
sic reactions to the pandemic. In other words, 
people who are able to keep their customary 
lifestyle during the pandemic have been more 
resistant to stress and less prone to anxiety 
prior to it. 

International organizations developed 
recommendations on how to protect mental 
health for specific social groups. The United 
Nations Office for the Coordination of Hu-
manitarian Affairs developed a Guide on Psy-
chological Support for Older Adults during 
the COVID-19 pandemic5; UNICEF, recom-
mendations for adolescents on how to protect 
mental health in this new reality6. Recom-
mendations covered, for example, proper 
sleep-wakefulness patterns, relaxation, medi-
tation, adherence to information hygiene, and 
socializing and communication with family 
and friends. A study conducted in May 2020 
in the USA established that the top three 
strategies to cope with COVID-19 with re-
spect to mental health included acceptance, 
self-distraction, and use of emotional support 
[47]. Behavioral detachment, use of psy-
choactive drugs, and denial were less popular. 

__________________________ 
 
5 Living with the Times, A Mental Health and Psychosocial Support Toolkit for Older Adults During the COVID-19 

Pandemic. Inter-Agency Standing Committee: OCHA Service. Available at: https://interagencystandingcommittee.org/iasc-
reference-group-mental-health-and-psychosocial-support-emergency-settings/living-times-mental-health-and-psychosocial-
support-toolkit-older-adults-during-covid-19-pandemic (September 07, 2023). 

6 How to protect your mental health during the coronavirus (COVID-19) pandemic: 6 strategies for teenagers faced with 
the new (temporary) situation. UNICEF, Serbia. Available at:  https://www.unicef.org/serbia/en/how-protect-your-mental-
health-during-coronavirus-covid-19-pandemic (September 07, 2023). 
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A survey conducted in Australia found that 
positive thinking, active stress coping and so-
cial support were significant factors for men-
tal health protection [48]. A study conducted 
between March and August 2020 established 
four basic coping strategies (problem-
focused, emotion-focused, avoidant, and so-
cially-supportive) adopted by the respon-
dents. Of them, the socially-supportive cop-
ing was associated with a faster decrease in 
anxiety and depressive symptoms [49]. 

To summarize various behavioral patterns 
typically chosen by people during the COVID-
19 pandemic, we can spot out several risk 
mitigation strategies. The first one is the 
maximum protection strategy involving adher-
ence to most medical recommendations on 
prevention of the coronavirus infection (wear-
ing a face mask and gloves, social distancing, 
strict self-isolation during a lockdown, vacci-
nation, etc.). The strategy can have some 
variations that are largely determined by cul-
ture. For example, a comparative study of be-
havior adopted in Germany and Japan during 
the first pandemic year revealed that people in 
both countries were highly committed to 
health-protective behavior. In Germany, how-
ever, a significantly higher proportion washed 
their hands frequently and avoided crowds, 
physical contact, public transport, peak-hour 
shopping, and contact with the elderly. In Ja-
pan, a significantly higher proportion was will-
ing to be vaccinated [50]. The second one is 
the dominating protection strategy that in-
volves adherence to some basic recommenda-
tions (face mask wearing, frequent hand wash-
ing, and self-isolation): a survey conducted in 
China in early 2020 established that it was this 
strategy that most people adhered to during the 
first phase in the pandemic [51]. A cross-
national study accomplished in Western and 
Southern Europe revealed that frequent hand 
washing and face mask wearing integrated into 
people’s routine behavior the most rapidly 
[52]. A variation of this strategy was adher-
ence to basic prevention together with refusal 
from vaccination. At the same time, vaccina-
tion against the coronavirus infection reduced 
a level of person’s adherence to health-

protective practices [53]. The third one is the 
mixed strategy that includes periodical adher-
ence to some recommendations on prevention 
of the infection, on the one hand, and some 
risky behaviors, on the other hand. Thus, an 
online US national study conducted in Au-
gust – October 2020 established that 12 % of 
the respondents ‘always’ or ‘often’ disinfected 
their hands and wore face masks but also ‘al-
ways’ or ‘often’ failed to keep self-isolation, 
went shopping, or visited their friends or rela-
tives [54]. Finally, we should mention 
COVID-19 denialism as a specific behavioral 
strategy as regards COVID-19-related risks. 
The strategy is based on denying the very exis-
tence of the coronavirus infection and / or 
scales of its hazards and prevalence [55]. 
Choice of this strategy is associated with indi-
vidual health literacy (awareness) and trust in 
various sources of information. 

Conclusion. Our analysis of studies con-
ducted in various countries during the 
COVID-19 pandemic revealed several vari-
able individual strategies aimed at health risk 
mitigation, from responsible health-protective 
behavior to risk-inducing one associated with 
COVID-19 denial and low trust in informa-
tion about mandatory prevention measures. 
Factors that determine choice of an individual 
behavioral strategy can be divided into a) so-
cial and demographic ones (sex, age, ethnic-
ity, place of residence, self-assessment of in-
fection risks, and health status); b) social and 
psychological (anxiety, neuroticism, and con-
scientiousness); c) micro-social (social sup-
port and information involvement). Family 
and its successful adaptation to new function-
ing conditions also play a significant role in 
determining strategic choice of health-
protective behavior. 

On the one hand, a situation that involves 
high epidemiological hazards creates risks of 
communicable diseases; on the other hand, it 
creates high levels of anxiety in people since it 
is always an uncertainty factor. Implemented 
anti-epidemic measures can be an additional 
source of stress due to involved changes in 
everyday life. Orientation at social support and 
emotional help provided by significant others, 
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first of all, family, is the most effective strat-
egy aimed at mitigating risks for mental health 
under such situations.  

Multiple studies that investigate behav-
ioral peculiarities of various social groups dur-
ing the COVID-19 pandemic provide great 
opportunities for mitigating risks of communi-
cable diseases in future. It seems advisable to 
do several things. First, we should create an 
integral system for sanitary education of popu-
lation, raise health literacy, and provide opera-
tive health risk communications. Second, there 
should be targeted efforts aimed at forming 
adherence to self-protective behavior in risk 
groups who do not have sufficient resources to 

resist a disease. Third, we should develop cer-
tain mechanisms of strengthening family con-
nections and prevent family ill-being as an ad-
ditional risk health risk factor under a stressful 
epidemiological situation. 
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