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Our research goal was to examine cognitive functions parameters in dynamics among workers employed at an oil ex-
tracting facility depending on their work experience under exposure to adverse occupational factors.

We estimated cognitive functions in 292 oil and gas extraction operators who were exposed to adverse occupational fac-
tors (aromatic hydrocarbons, hydrogen sulphide, occupational noise, labor hardness, and adverse microclimate). The reference
group consisted of 65 administrative workers employed at the same enterprise. All the examined people were males aged 20-65;
they were divided into several sub-groups depending on their work experience: the 1% subgroup, work experience shorter than
10 years; the 2™ subgroup, 1020 years; the 3" sub-group, longer than 20 years. All the subgroups were comparable as per
average age (p > 0.05). Nervous systems diseases that caused cognitive deficiency were a criterion for exclusion from the re-
search groups. We performed neural-psychological examination using «NS-Psychotest» computer complex («Concept exclu-
sion», short term memory tests for pictures and figures, square number test). To analyze dependence between cognitive disor-
ders and work experience duration in the test and reference groups, we calculated relative risk and its 95 % confidence interval
(results are given as RR (95 % Cl)). We also performed one-factor linear regression analysis of dependence on work experience
separately for each parameter of examined cognitive functions.

Qil and gas extraction operators tended to have 1.3-1.6 times lower cognitive flexibility, picture and number memory,
and attention than people who worked under permissible working conditions at their work places. Oil and gas extraction
operators with their work experience being equal or exceeding 10 years ran more than 5 times higher risk of cognitive disor-
ders; memory, attention, and analytical activity parameters were lower among them 2-3 times more frequently. Basing on
relative risk calculation and one-factor linear regression analysis, we established a correlation between cognitive disorders
development and work experience duration. Periodical medical examinations provided for oil and gas extraction operators
should include neural-psychological tests that assess memory, attention, and cognitive flexibility since it will allow diagnos-
ing cognitive dysfunction at an early (pre-dementia) stage and revealing people with its minimal signs for further profound
examination, prevention activities, and occupational examination.

Key words: cognitive functions, number and picture memory, attention, cognitive flexibility, cognitive deficiency, neural-
psychological testing, oil extracting industry, occupationally induced pathology, adver se occupational factors, work experience.
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tions) among priority tasks the state is to
solve'.

Cognitive disorders among employable
population are a vital task that is to be solved
by contemporary medicine. Sub-clinical (pre-
dementia) cognitive disorders that occur among
employable population become apparent via
memory disorder, poorer ability to focus one’s
attention, and greater fatigue at the end of a
working shift [1, 2]. Apparent cognitive disor-
ders disrupt every day and occupational activi-
ties and result in lower life quality. It has been
shown that as a person grows older, cognitive
disorders become more and more frequent with
their frequency growing progressively and
reaching 20 % among people aged 60—69 [3, 4].
Adequate functioning and plasticity of synapses
in the central nervous system (CNS) is among
factors that determine cognitive and neuroplas-
tic potential and support learning processes and
memory [5, 6]. A substantial loss of these neu-
ronal structures caused by ageing, various dis-
eases, or exposure to toxic agents can has such
clinical manifestation as cognitive disorders
syndrome [7-9].

As per data provided by G.V. Timasheva et
al., working under adverse working conditions is
a risk factor that may cause cognitive disorders
[10]. It was established that toxic effects might
be produced on a body by a wide range of
chemicals under certain conditions. These condi-
tions include a dose, exposure duration, as well
as a way through which a chemical is introduced
into a body [11]. At present workers employed at
oil extracting enterprises are exposed to such
adverse chemicals as sulfur dioxide, carbon ox-
ide, and aromatic hydrocarbons [12]. Chronic
exposure to chemical factors in low doses that is
typical for oil extraction causes disorders in the
nervous system2 [13]; these disorders are further
aggravated due to impacts exerted by additional
occupational factors (occupational noise, labor
hardness and intensity)’ [14—16].

Workers employed at an oil extracting en-
terprise are exposed to several adverse occupa-
tional factors at their workplaces (chemical
factors and noise) and these factors can be
seen as risk factors that might cause cognitive
disorders. At the same time, so far there hasn’t
been sufficient research on parameters of cog-
nitive functions taken in dynamics that is re-
lated to work experience duration. This issue
becomes especially vital since technological
processes are getting faster and more compli-
cated and it makes greater demands of workers
to be precise in their actions and to be able to
make quick decisions when performing pro-
duction operations. Any mistake can result in
an emergency including those when people’s
lives are threatened [14].

Our research goal was to examine cogni-
tive function parameters among workers em-
ployed at an oil extracting enterprise and to
develop feasible criteria for early diagnostic of
functional disorders in the brain. These pa-
rameters were taken in dynamics depending on
duration of work experience under exposure to
adverse occupational factors.

Data and methods. Our examined sam-
pling was made up of 357 workers employed
at an oil-extracting enterprise; 292 were oil
and gas extraction operators (the test group)
and 65 administrative workers (the reference
group). Workers in both groups were males,
aged 20-65, and their working experience at
the examined enterprise was longer than 1 year.
Both groups were divided into three subgroups
according to duration of their working experi-
ence; subgroup I included workers with their
working experience being shorter than 10 years;
subgroup II, 10-20 years; subgroup III, longer
than 20 years. All subgroups were comparable
in terms of average age and working experi-
ence (p>0.05). Results obtained via special
assessment of working conditions (hereinafter
SAWC) allowed establishing that all the

" On The Economic Safety Strategy in the Russian Federation for a period up to 2030: The RF President Order issued
on May 13, 2017 No. 208. Garant. Information and legal portal. Available at: https://www.garant.ru/products/ipo/

prime/doc/71572608/ (May 13, 2021).

% Occupational pathology: the national guide. In: N.F. Izmerov ed. Moscow, GEOTAR-media Publ., 2011, 784 p.
3 Adverse chemicals. Hydrocarbons, halogen-derivatives of hydrocarbons: reference book. In: V.A. Filov ed. Leningrad,

Chemistry Publ., 1990, 592 p.
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workers from the test group had to work un-
der “adverse” working conditions with 3.1-3.2
hazard category. Technological operations
involved chemicals emissions into working
area air with prevailing saturated aliphatic
hydrocarbons C1-10 (recalculated as per C)
in concentrations that didn’t’ exceed hygi-
enic standards and dihydrosulfate mixed
with hydrocarbons C1-5 (hydrogen sulfate)
in concentrations that were up to 1.2 times
higher than MPC (10 mg/m”). Noise at working
places was 1.1 times higher than maximum
permissible level for workers from the test
group and reached 87-88 dB. Working condi-
tions for workers from the reference group cor-
responded to hazard category 2 (permissible).

Our research program included analysis
of working conditions as per SAWC results
and assessment of workers’ cognitive func-
tions as per results obtained via neural-
psychological examination that was per-
formed with “NS-Psychotest” computer com-
plex (“Neurosoft”, Russia, SN 0384UX). The
research involved estimating such intellectual
operations as classification and analysis via
“Concepts exclusion” test; image memory
was estimated with “Image memory” test;
number memory, “Number memory” test; and
attention, “Number square” test” .

All the data were accumulated, adjusted,
processed and analyzed with IBMSPSS Statis-
tics 22 software for statistical analysis. Analy-
sis was performed with non-parametric statis-
tic techniques. Data obtained for different
groups are given in tables as median values
(Me) and 25-75 percentiles. Quantitative at-
tributes were compared as per Mann — Whit-
ney test. Differences were considered authen-
tic at p<0.05". Qualitative attributes were
assessed with Fischer’s z-test.

To analyze dependence between cognitive
disorders and duration of working experience
in the test and reference group, we calculated
relative risk and its 95 % confidence interval
(the results are given as (95 % Cl)); also, we

performed one-factor linear regression analysis
separately for each parameter of examined
cognitive functions. This analysis allowed es-
timating parameters of a model given as per
the following formula (1):

y=Dby+Dbi-x+e,

)
where

y is resulting quantitative attribute;

b is model coefficient;

by is model constant;

¢ is random error in the model;

x is working experience under exposure to
a set of adverse working conditions (the test
group) or without such exposure at a work-
place (the reference group).

To assess quality of the linear function,
we calculated F-criterion and a square of lin-
ear correlation coefficient R* (determination
coefficient).

The present research work was accom-
plished in conformity with ICHGCP Rules
and with adherence to ethical standards stipu-
lated by Helsinki Declaration (edited in 2008)
and the RF National Standard GOST-R
52379-2005 “Good clinical practice” (ICH E6
GCP)®. The research program was approved
by the Ethical Committee of the Federal Sci-
entific Center for Medical and Preventive
Health Risk Management Technologies (The
meeting report No. 55 dated December 20,
2018). All the workers were informed about
research goals and gave their voluntary in-
formed consent to take part in the research.

Results and discussion. Having assessed
abilities to classify and analyze among work-
ers from all the subgroups, we revealed au-
thentic differences between the groups, namely
fewer correct answers given by workers from
the test group against those from the reference
one (13 (10; 15) against 14 (13; 15), p=0.003).
A share of people with low cognitive flexibil-
ity was 5 times higher in the test group than in
the reference one (25.2% and 4.5%,
p =0.003) (Table 1).

4 Shapar’ V.B., Timchenko A.V., Shvydchenko V.N. SH23 Practical psychology. Instruments. Rostov-na-Donu: “Phoenix”

publishers, 2002, 688 p.

5 Glants S. Medical and biological statistics. Moscow, Praktika Publ., 1998, 462 p.
8 GOST-R 52379-2005. Good clinical practice in the RF. Moscow, Standartinform Publ., 2005, 39 p.
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Table 1

Comparative analysis of data obtained via “Concepts exclusion” tests among
all the examined workers

. . . Test group Reference group Validity of differences
Data obtained via “Concepts exclusion” test ~ N between groups,
n=210 n=44
p<0.05
Correct answers, number 13 (10; 15) 14 (13; 15) 0.003
Frequency of detected cognitive flexibility, %
Low cognitive flexibility, 1-3 scores 25.2 4.5 0.002
Average cognitive flexibility, 4-7 scores 61.0 75.0 0.08
High cognitive flexibility, 8-9 scores 13.8 20.5 0.26
Table 2

Relative risk of cognitive disorders among workers employed at an oil-extracting enterprise
as per data obtained via neural-psychological testing

Tests Test group Reference group RR
n=209 n=44 (C1 95 %)

o . o
“Concepts exclusion” 252 % 4.5% REI :5i5i29159A)

= . Y
“Number memory” 52.9% 34.1% Rg 211.66 _92544
RR=1.59.95%

3 99 0 o

Number square 19.3 % 12.1 % = 020 an

Relative risk that low cognitive flexibility
might occur was 5.6 times higher in the test
group than in the reference one (RR=5.55;
95 % Cl = 1.4-21.9) (Table 2).

19 % workers from the test group, sub-
group I, had low cognitive flexibility; and
there were no such workers in the same sub-
group from the reference group (p=0.03).
Having analyzed data obtained via “Concepts
exclusion” test, we revealed authentically
fewer correct answers among workers from the
test group, subgroup II, against the same sub-
group in the reference group, (13 (15; 12)
against 15 (14; 16), p =0.03). 21.3 % workers
from the test group, subgroup II, had low cog-
nitive flexibility and it was 3.2 times higher
than in the same subgroup in the reference
group where it was equal to 6.6 % (RR=3.2;
95 % CI =0.45-22.55); high cognitive flexi-
bility was 1.5 times less frequent (18.8 % in
the test group, subgroup II, against 26.6 % in
the reference group, subgroup II, p =0.45).
“Concepts exclusion” test revealed authenti-
cally fewer correct answers among workers
from the test group, subgroup III, against their
counterparts from the reference group, subgroup
II (11 (7; 14) against 14 (12; 15), p =0.04).

86

42.9 % workers from the test group, subgroup III,
had low cognitive flexibility against 11.1 % in
the same subgroup in the reference group
(RR=3.9; 95% CI =0.59-25.18). Having as-
sessed dynamics related to working experience
we noticed that there was an authentic 1.3-time
decrease in a number of correct answers given
by workers from the test group, subgroup III,
against their counterparts from the same group,
but subgroup I (11 (7; 14) against 14 (12; 15),
p =0.001) whereas these attributes were quite
similar in the reference group (14 (13; 15.5)
against 14 (12; 15), p = 0.64) (Table 3).

Image memory was assessed with “Image
memory” test; the assessment revealed fewer
correct answers in the test group than in the
reference one (8 (6; 10) against 10 (7; 12),
p =0.01), and capacity of image memory was
by 13 % lower in the test group than in the ref-
erence one (43.8 % against 56.3 %, p =0.01)
(Table 4).

Having compared data obtained for sub-
groups II in both groups, we also revealed
fewer correct answers in the test group (9 (7; 10)
against 11 (9; 13), p =0.02); besides, median
value of image memory capacity turned out to
be 1.4 times lower in the test group, subgroup II,

Health Risk Analysis. 2021. no. 2
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Table 3

Comparative analysis of data obtained via “Concepts exclusion” test among workers
with different working experience

“Concepts Test group, | Test group, | Test group, | Ref.group, | Ref.group, | Ref.group,
exclusion” subgroup I | subgroup II | subgroup III | subgroup I | subgroup II |subgroup IIT| p' | p* | p’
test data n=100 n=61 n=49 n=20 n=15 n=20
Efgﬁganswers’ 14(12; 15) | 13.(12;15) | 11(7; 14) |14(13;15.5)| 15(14;16) | 14(12; 15) | 0.32 | 0.03 | 0.04
Frequency of different cognitive flexibility, %
Low cognitive
flexibility, 19 21.3 429 0 6.6 11.1 0.03]0.19 | 0.07
1-3 scores
Average cognitive
flexibility, 64 60.7 55.1 75 66.7 88.9 0.34 1 0.67 | 0.06
47 scores
High cognitive
flexibility, 17 18.0 2.0 25 26.6 0.0 0.39]0.45 | 0.67
89 scores

Note: p'is validity of differences between the test group, subgroup I, and the reference group, subgroup I;

p* is validity of differences between the test group, subgroup II, and the reference group, subgroup II;
P’ is validity of differences between the test group, subgroup III, and the reference group, subgroup III.
Table 4
Comparative analysis of data obtained via “Image memory” test among all the examined workers
« » The test group The reference group Validity of differences
Image memory” test data n=209 n=44 between groups, p < 0.05

Correct answers, number 8 (6; 10) 10 (7; 12) 0.009

Mistakes, number 1(0;2) 1(0;1) 0.21

Memory capacity, % 43.8 (25; 62.5) 56.3 (344;71.9) 0.007

Frequency of accuracy in reproducing images, %

Low image reproduction accuracy

(from 0 to 5) 21.5 15.9 0.40

Standard image reproduction accuracy 86.9 g4.1 0.40

(more than 5)

than in the same subgroup in the reference
group (43.8 % against 62.5 %, p=0.03). We
didn’t detect any authentic differences be-
tween subgroups I and III regarding image
memory capacity; however, there was an au-
thentic 1.2-time decrease in a number of cor-
rect answers given by workers from the test
group, subgroup III, against subgroup I in the
same group (7 (4; 9) against 9 (7; 11),
p =0.001). Low image reproduction accuracy
was also 3 times more frequent in the test
group, subgroup I, than in subgroup I (36.4 %
and 13.1 %, p =0.001). There were no authen-
tic differences between subgroups in the refer-
ence group (Table 5).

Having assessed number memory as per
results obtained via ‘“Number memory” test,
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we established a statistically significant de-
crease in a number of correct answers given by
workers from the test group than by those from
the reference one (7 (6; 8) and 8 (7; 9.5),
p =0.002). Besides, capacity of number mem-
ory was by 8.3 % lower in the test group than
in the reference one (50 (33.3; 66.7) and 58.3
(41.7; 75), p=0.03) (Table 6). Low accuracy
in reproducing numbers was detected in more
than half of workers from the test group and it
was 1.6 times higher than in the reference
group (52.9 % against 34.1 %; RR=1.6; 95 %
Cl =1.0-2.4) (Table 6).

Comparative analysis of data obtained via
this test revealed authentically fewer correct
answers given by workers from the test group,
subgroup I, against workers from the same
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Table 5

Comparative analysis of data obtained via “Image memory” test among workers with different
working experience

“Image memory” Test group, | Test group, | Test group, | Ref.group, | Ref.group, | Ref.group, ] , \
tost data subgroup I | subgroup II | subgroup III| subgroup I | subgroup II | subgroupIll| p* | p~ | p
n=99 n=6l n=66 n=20 n=15 n=9
El‘;gf)z; ABWES, 9711 | 9(7:10) | 749 [105(9;115)| 11(9;13) | 6(510) |0.27]0.02]0.57
Mistakes, number 1(0;2) 1(0;2) 1(0;3) 1(0;2) 1(0;3) 1(0;1) ]0.86/0.32]0.13
Memory 50 438 31.3 56.3 62.5 313 03110031021
capacity, % (31.3,62.5)| (25;62.5) | (18.8;50) | (40.7,68.8) | (43.8;81.3) | (25;62.5) | ' '
Frequency of accuracy in reproducing images, %

Low image repro-
duction accuracy 13.1 13.1 36.4 10 13.3 333 0.7 {0.980.86
(from 0 to 5)
Standard image
reproduction accu- 86.9 86.9 63.6 90 86.7 66.7 0.7 10.98]0.86
racy (more than 5)

Note: p'is validity of differences between the test group, subgroup I, and the reference group, subgroup I;

p’ is validity of differences between the test group,

subgroup II, and the reference group, subgroup II;

p’ is validity of differences between the test group, subgroup I1I, and the reference group, subgroup III.

Table 6
Comparative analysis of data obtained via “Number memory” test among all the examined workers
lidity of difft
w . Test group Reference group Validity of differences
Number memory” test data between group,
n=210 n=44
p<0.05
Correct answers, number 7 (6; 8) 8(7;9.5) 0.002
Mistakes, number 1(0;2) 1(0;2) 0.71
Memory capacity, % 50 (33.3; 66.7) 58.3 (41.7;75) 0.03
Frequency of accuracy in reproducing numbers, %
Low accuracy in reproducing numbers 59 341 0.02
(from 0 to 7)

subgroup in the reference group (7 (6; 8.5) and
8 (7; 10) accordingly, p =0.01) and a share of
workers with low accuracy in reproducing
numbers was 1.4 times higher in the test group,
subgroup 1 (55.0 % and 40.0 %; RR=1.37;
95 % Cl =0.78-2.42). There were no statisti-
cally significant differences in “Number
memory” test results between subgroups II in
the test group and the reference group
(p = 0.14-0.65); however, a share of workers
with low accuracy in reproducing numbers
was 1.3 times higher in the test group, sub-
group II, than in the same subgroup in the ref-
erence group (42.6 % and 33.3 % accordingly;
RR=1.3; 95 % CI = 0.6-2.8). Test results didn’t
reveal any statistically significant differences

88

between subgroups III in both examined
groups; more than half workers from the test
group, subgroup III, had low accuracy in re-
producing numbers and it was authentically
2.7 times higher than in the reference group,
subgroup III (61.22 % and 22.2 % accord-
ingly; RR=2.8; 95 % Cl = 0.79-9.54). Having
assessed dynamics related to working experi-
ence we detected an authentic decrease in a
number of correct answers given by workers
from the test group, subgroup III, against sub-
group I in the same group (6 (5; 8) against
7 (6; 8), p=0.02) whereas there were no sta-
tistically significant difference revealed in the
reference group (8 (8; 8) against 8 (7; 10),
p = 0.49) (Table 7).

Health Risk Analysis. 2021. no. 2
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Table 7

Comparative analysis of data obtained via “Number memory” test among workers with different
working experience

“ » | Test group, | Test group, | Test group, | Ref.group, | Ref.group, | Ref.group,
Nun}[‘t;:: (rllzlznory subgroup I | subgroup II | subgroup III | subgroup I | subgroup II | subgroup I | p' | p* | p°
n=100 n=61 n=49 n=20 n=15 n=9
r(lll(l)rig(e:;answers, 7(6;85) | 8(7;9) 6(58) | 8(7;10) | 8(7;10) | 8(8;8) |0.01]0.14]0.07
Mistakes, number 1(0;2) 1(0;2) 1(0;2) |[1.5(0.5;2.5)] 1(0;2) 1(1;2) ]0.52]0.65]0.56
Memory 50 50 41.7 58.3 58.3 50 02 lo.1610.26
capacity, % (41.7;66.7) | (41.7;66.7)| (33.3;58.3) | (37.5;75) | (50;75) |(41.7;583) | “ |7"°["
Frequency of accuracy in reproducing numbers, %
Low accuracy in
reproducing num- 55.0 42.6 61.2 40.0 333 222 0.2210.51]0.03
bers (from 0 to 7)
Standard accuracy
in reproducing 45.0 57.4 40.9 60.0 66.7 778 [0.22/0.51(0.03
numbers
(more than 7)

Note: p'is validity of differences between the test group, subgroup I, and the reference group, subgroup I;
p* is validity of differences between the test group, subgroup II, and the reference group, subgroup II;
p’ is validity of differences between the test group, subgroup III, and the reference group, subgroup III.

Attention was assessed with “Number
square” test; the assessment revealed fewer
correct answers in all subgroups in the test
group against the reference group (11 (7; 13)
and 13 (10; 14) accordingly; RR=1.59, 95 %
Cl =0.60—4.20) (Tables 2 and 8).

Comparative analysis of data obtained for
different subgroups revealed that workers from
the test group, subgroup II, gave authentically
fewer correct answers (11 (8; 12) and 13.5
(10.5; 14.5), p=0.02) than their counterparts
from the same subgroup in the reference
group; they also made more mistakes (7 (5; 11)
and 5 (2.5; 7), p =0.03). We didn’t detect any
statistically significant differences between
subgroups I and subgroups III in both exam-
ined groups (p = 0.28-0.91); however, having
assessed dynamics related to working experi-
ence, we detected an authentic decrease in a
number of correct answers given by workers
from the test group, subgroup III, against workers
form the same group, but subgroup I (9 (6; 11)
against 12 (9; 14), p=0.002). There were no
authentic differences in these attributes between
subgroups in the reference group (Table 9).

The next stage in our research involved
assessing cognitive state of workers from the
examined groups as per a number of test pa-
rameters that were lower than the standard

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163
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level detected in each examined workers em-
ployed at an oil-extracting enterprise (Table 10).
Our comparative analysis revealed that a share
of workers without low parameters as per any
test tended to be lower among oil and gas extrac-
tion operators, (RR=0.64 (95 % Cl 0.44-0.92);
also, this share was lower regarding low pa-
rameters as per just one test (RR=0.97 (95 %
Cl 0.66-1.44). However, a relative risk that
low results would be obtained in 2 or 3 tests
was 2.0-3.0 times higher in this group than in
the reference one (RR=2.05 (95 % Cl 0.77-5.45)
and RR=2.9 (95 % CI 0.39-21.8) accord-
ingly). Results that were lower than standard
levels as per all 4 tests were revealed in 4.3 %
oil and gas extraction operators whereas there
were no such results revealed in the reference
group. Having analyzed cognitive functions in
subgroups I, we revealed that a share of work-
ers without lower results as per any test was a
bit lower in the test group (RR=0.59 (95 % CI
0.37-0.92); however, relative risk that lower
results would be detected in 1 and 2 tests
tended to increase and was RR=1.12 (95 %
Cl 0.55-2.26) and RR=2.52 (95 % Cl 0.65-9.82)
accordingly. And quite the contrary, relative
risk of low results obtained in 1 and 2 tests
was lower in the test group, subgroup III, than
in the same subgroup in the reference group

&9




M.A. Savinkov, O.Yu. Ustinova, A.E. Nosov, Yu.A. Ivashova, V.G. Kostarev

Table 8
Comparative analysis of data obtained via “Number square” test among all the examined workers
Test group, Reference group. Validity of differences
46N 2
umber square” test data n=166 n=33 between groups, p < 0.05
Correct answers, number 11(7;13) 13 (10; 14) 0.02
Mistakes, number 7(5;11) 7(4;9) 0.11
Frequency of different attention levels, %
Low attention (from 0 to 5 correct answers) | 19.3 | 12.1 | 0.33
Table 9

Comparative analysis of data obtained via “Number square” test among workers with different
working experience

“ , | Test group, | Test group, | Test group, | Ref.group, | Ref.group, | Ref.group,
Number square 1 2 3
test data subgroup I | subgroup II | subgroup 11| subgroup I | subgroup II |subgroup III| p p p
n=77 n=>53 n=46 n=15 n=12 n=20
Correct answers, . ) ) . 13.5 .
number 12(9;14) | 11(8;12) | 9(6;11) | 13(11;13) (10.5: 14.5) 10.5(7;14) | 0.78 | 0.02 | 0.29
Mistakes, number| 7 (5; 10) 7(511) | 85(6;12) | 8(4;10) 5257 8(7;10) ] 0.91 |0.029] 0.95
Frequency of different attention levels, %
Lowe attention
(from 0 to 5 cor- 16.9 18.9 239 13.3 8.3 16.7 0.73 | 0.38 | 0.69
rect answers)
Standard attention
(more than 5 cor- 83.1 81.1 76.1 86.7 91.7 83.3 0.73 | 0.38 | 0.69
rect answers)

Note: p'is validity of differences between the test group, subgroup I, and the reference group, subgroup I;
p’ is validity of differences between the test group, subgroup II, and the reference group, subgroup II;
p’ is validity of differences between the test group, subgroup III, and the reference group, subgroup III.

and amounted to RR=0.58 (95 % CI 0.29-1.20)
and RR=0.64 (95 % CI 0.16-2.61). However,
results lower than standard levels in 3 and 4
tests were detected in 20.4 % and 18.4 %
workers in this subgroup accordingly whereas
there were no such workers in the reference
group, subgroup III (Table 10).

Table 11 contains the results obtained via
linear regression analysis of a probable dete-
rioration in cognitive functions among oil and
gas extraction operators depending on their
working experience. We revealed statistically
significant dependence between working ex-
perience under exposure to adverse occupa-
tional factors for oil and gas extraction opera-
tors and probable low results obtained via
“Concepts exclusion” test (b = 13.46; b, =—0.97,
F=1585 R'=0.071; p=0.0001), “Image
memory” test (bp=9.96; by =-0.13; F=36.78;
R =0.151; p=0.0001), “Number memory”
test (by=7.75; by =-0.04; F=9.91; R =0.045;
p=0.002), “Number square” test (bp=11.03;
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b =-0.11; F=9.95; R*=0.057; p=0.002).
We didn’t detect any similar statistically sig-
nificant dependence in the reference group.
Cognitive disorders become apparent via
cognitive functions dropping lower than their
standard levels; they can develop both due to
natural ageing of a body and due to exposure
to various occupational factors (noise, vibra-
tion, etc.). Effects produced by neurotoxicants
on the nervous system become apparent via
diffuse damage to the brain that is accompa-
nied with occurring brainstem—hypothalamic
syndrome, and syndrome related to cerebral
and psychoneurological disorders®. Impacts
exerted by adverse occupational factors
(chemical factors, noise, vibration, and labor
intensity) on cognitive functions have been
examined by many authors [11, 17-19]. As
per data obtained by M. Reale et al., 80 ex-
amined workers employed in oil extraction
had increased anxiety levels and occupa-
tional stress signs [20]. However, research
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Table 10
Results obtained via neural-psychological tests that were lower than standard levels
Tests ‘ Test group, n = 209 ‘ Reference group, n =44 ‘ RR(CI 95 %)
Attributes in the test and reference groups
Absent, % 64 (30.6) 21 (47.7) 0.64 (0.44-0.92)
1 test, % 83 (39.7) 18 (40.9) 0.97 (0.66-1.44)
2 tests, % 39 (18.7) 49.1) 2.05 (0.77-5.45)
3 tests, % 14 (6.7) 1(23) 2.9(0.39-21.8)
All 4 tests 9(4.3) 0 -
Attributes in subgroups | (99/20)
Absent, people (%) 35(35.4) 12 (60.0) 0.59 (0.37-0.92)
1 test, people (%) 37 (37.4) 6 (30.0) 1.12 (0.55-2.26)
2 tests, people (%) 25(25.3) 2(10.0) 2.52 (0.65-9.82)
3 tests, people (%) 2(2.0) 0 -
All 4 tests 0 0 —
Attributes in subgroups || (61/15)
Absent, people (%) 22 (36.1) 7 (46.7) 0.77 (0.41-1.46)
1 test, people (%) 30 (49.2) 7 (46.7) 1.05 (0.58-1.92)
2 tests, people (%) 7(11.5) 0 -
3 tests, people (%) 2(3.3) 1(6.7) 0.49 (0.05-5.07)
All 4 tests 0 0 —
Attributes in subgroups 111 (49/9)
Absent, people (%) 7(14.3) 2(22.2) 0.64 (0.16-2.61)
1 test, people (%) 16 (32.7) 5 (55.6) 0.58 (0.29-1.20)
2 tests, people (%) 7 (14.3) 2(22.2) 0.64 (0.16-2.61)
3 tests, people (%) 10 (20.4) 0 -
All 4 tests 9(18.4) 0 -
Table 11
“Working experience — cognitive functions parameters” liner regression: attributes
Exposure Effect marker A tr.end of a change by by = R D
marker in parameters
Test group
VR “Concepts exclusion” Descending 13.46 | -097 | 1585 | 0.071 | 0.0001
5E2ES
%n % 2 5 “Image memory” Descending 996 | -0.13 | 36.78 | 0.151 | 0.0001
Qg
f‘s § a;, 3 “Number memory”’ Descending 775 | -0.04 | 991 | 0.045 | 0.002
5 an
g & & “Number square” Descending 11.03 | -0.11 9.95 | 0.057 | 0.002
Reference group
. L2 2 “Concepts exclusion” Descending 14.07 | -0.16 | 0.209 | 0.005 0.65
T 888 .
é’n E % § B “Image memory” Descending 10.32 | -0.041 | 0.592 | 0.014 | 045
c o Qg
% § % § 3 “Number memory”’ Descending 853 | -0.16 | 038 | 0.009 | 0.54
=25 on
=23%E “Number square” Descending 1193 | 0.06 | 045 | 0014 | 051

achieve relevant accuracy in research, O.I.
Shevchenko et al. recommend applying sev-
eral most informative diagnostic psychologi-
cal tests simultaneously and these tests
should be specific in terms of revealing
damage done to specific brain structures by
this or that neurotoxicant [22].

performed by S.V. Tsyrempilov et al. didn’t
reveal any authentic deviations in cognitive
functions among 56 workers who were
occupationally exposed to neurotoxicants
(aromatic hydrocarbons, toluene, and ben-
zine) [21]; it may be due to selected diagnos-
tic tests not being specific enough. To
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Our research results revealed that oil and
gas extraction operators who had to work un-
der exposure to several adverse occupational
factors (chemicals and noise) had 1.3-1.6
times lower cognitive flexibility, image/num-
ber memory, and attention; lower memory ca-
pacity, attention, and analytical abilities were
2-3 times more frequent among them, and a
risk of a decrease in synthetic and analytical
activity was more than 5 times higher
(RR=5.55; 95% Cl =1.4-21.9) than among
workers with permissible working conditions
at their workplaces. Results obtained via linear
regression analysis revealed dependence be-
tween cognitive disorders occurrence in oil
and gas extraction operators and their working
experience under adverse working conditions;
we didn’t reveal any similar dependence in the
reference group. A set of neural-psychological
tests (“Concepts exclusion”, “Image memory”,
“Number memory”, and “Number square”)
was applied for assessing cognitive functions;
the assessment revealed their availability, re-
producibility and objectivity of their results
even at early stages in cognitive dysfunction
development (pre-dementia stage). It allows
using these tests in periodical medical exami-
nations for detecting people with minimal
cognitive dysfunctions and further profound
examinations, prevention activities, and find-
ing solutions to issues detected due to medical
inspections.

Conclusions

1. We detected authentic dependence be-
tween disorders in cognitive functions and dura-

tion of working experience under exposure to
adverse occupational factors (chemical factor
and occupational noise) for oil and gas extrac-
tion operators. Their cognitive flexibility (syn-
thetic and analytical activity), image and number
memory capacity, and attention were 1.3-1.6
times lower than among workers who had per-
missible working conditions at their workplaces.

2.0il and gas extraction operators had
5 times higher relative risk of cognitive disor-
ders occurrence, and low memory capacity,
attention, and analytical activity were 2-3
times more frequent among them than among
workers from the reference group (permissible
working conditions at workplaces).

3. Using a set of neural-psychological
tests (“Concepts exclusion”, “Image memory”,
“Number memory”, and “Number square”)
during periodical medical examinations pro-
vided for oil and gas extraction operators al-
lows diagnosing cognitive dysfunction already
at an early stage (pre-dementia stage) in its
development (when working experience al-
ready exceeds 10 years) and revealing people
with its minimal signs for further prevention
activities and finding solutions to issues de-
tected due to medical inspections.
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