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Objective: to establish associations of cognitive functions (CFs) and professional level in an open population of Novosibirsk aged 25–44 years.

Patients and methods. The subject of the study was a random representative sample of one of the Novosibirsk districts population aged

25–44 years (463 men, mean age 35.94±5.957 years, and 546 women, mean age 36.17±5.997 years) in 2013–2016. CFs were screened using:

A.R. Luria 10 words learning task – immediate and delayed recall after the interfering task; Bourdon Test (BT); exclusion of “the fifth extra”

test; verbal fluency test (naming animals in 1 min). Education level and professional status were assessed according to the criteria of the WHO

international program MONICA protocol.

Results and discussion. The analysis showed that the management and engineering and technical staff (ETS) coped significantly better with cog-

nitive tests than manual labor workers. The analysis of memory using the A.R. Luria test showed that the differences in the first recall of 10 words

between manual labor workers and managers reached 0.849 words, in the mean number of correctly remembered words it reached 0.735 words,

and in delayed recall – 1.096 words (p<0.05). Attention assessment using BT revealed that the number of letters crossed out in 1 min was high-

er among the management staff compared to the manual labor workers, reaching 4.978 characters (p<0.05). ETS scores in this test were close

to the management staff scores (p<0,0001). Also, a tendency to a smaller number of mistakes made by managers and ETS compared to work-

ers was revealed in the BT. In the analysis of semantic associations in the verbal fluency test the differences in the number of animals named

per 1 min reached 3.007 animals between manual labor workers and managers. Similar differences were observed between manual labor work-

ers and ETS (p<0.05). Abstract reasoning evaluation using the “the fifth extra” test showed that managers and ETS excluded a greater num-

ber of words that did not correspond to the logical series (i.e., they showed the best result in this test) than manual labor workers (p<0.05). ETS

and management staff showed best performance in cognitive tests compared to manual labor workers of the same educational level.

Conclusion. A quantitative association has been established between a low professional level, level of education and a decrease in cognitive func-

tions among people aged 25–44 years. 
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I N T R O D U C T I O N
Cognitive impairment is defined as a state in which "a per-

son has problems with remembering, learning something new,

concentrating attention or making decisions that affect his / her

daily life" [1].

Cognitive impairment places a significant socioeconomic

burden on society, which is likely to increase as the population

ages [2]; for example, people with cognitive impairment stay in

hospital more than three times longer than those who were hospi-

talized for some other conditions [3].

On average, about one third of people with Alzheimer's dis-

ease or associated dementia are hospitalized at least once a year,

and those who have been hospitalized at least once have about 1.5

to 2 hospitalizations per year [4]. The total number of people with

cognitive impairment is expected to reach 75.6 million by 2030

and almost triple (to 135.5 million) by 2050 [5]. Some factors may

be related to cognitive function, for example: marital status [6],

socio-demographic data [7], lifestyle [8], health [9], including

education and professional activity [10].

Despite the fact that most people spend a significant part of

their lives at work, it is not yet known enough about the exact

relations between professional activity and cognitive functioning

[11]. Two areas of research have shown that professional activity

can be related to cognitive functions. First, the neurocognitive

abilities of people with higher mental work requirements were

better than those of their colleagues who had less demanding

work [12]. Secondly, people with less psychologically demanding

work have proved more vulnerable to the development of clinical

conditions that seriously impair cognitive functions (for example,

Alzheimer's disease and Parkinson's disease) [13].

Since one of the practical tasks facing modern medicine is

to identify those types of professional activities that contribute to

the better preservation of human memory and thinking in old age,

it is vital to understand how occupation affects cognition and

what preventive strategies can help maintain cognition with age.

Therefore, the aim of our study was to investigate the rela-

tionship between cognitive function and professional level in an

open population aged 25–44 years.



M A T E R I A L S  A N D  M E T H O D S
The object of our study was a random representative sample

of the population of Novosibirsk at the age of 25–44 years

screened in 2013–2016 within the framework of the budget theme

№AAAA-A17-117112850280-2. Individuals of 25–44 years old,

463 men (mean age 35.94±5.957 years) and 546 women (mean

age 36.17±5.997 years) were examined. The study was approved

by the Local Ethics Committee of NIITPM.

Investigation of the state of cognitive functions (CF) under

screening conditions involved performing a 10-word memoriza-

tion test (A.R. Luria's test unified for screening purposes) [14],

followed by their reproduction after interfering tasks (recall), per-

forming a correction test (letter modification of the Bourdon test

used for screening purposes), as well as a Concept Exclusion Test

(verbal version) with fixation of its execution time [15] (Table 1).

Similar methods of performing a proofreading test, Animal

Naming test (speech activity test) and performing a 10-word

memorization test were tested when performing population

screening as part of the international HAPIEE (Health, Alcohol,

and Psychosocial factors in Eastern Europe – Determinants of

Cardiovascular Diseases in Eastern Europe) project [16]. The use

of the above-named tests made it possible to assess the state of

memory, concentration of attention and features of thinking in

the context of population screening. Relation of the participants

to an occupational group was assessed according to the criteria

proposed earlier for use in the WHO MONICA (Monitoring

Trends in CVD Morbidity and Mortality, and Their

Determinants) International Program [17].

Statistical processing of the study results was carried out

using a free (freeware) statistical package "R" with a set of libraries

[18]. The normality of the distribution of analyzed quantitative

data, such as, for example, scores obtained during psychometric

testing, was determined by the Kolmogorov–Smirnov test. The

data in the tables are presented as a median (Me) with lower and

upper quartiles [25%; 75%]. Categorical indicators are presented

as absolute and relative values (n,%). In a number of cases, an

arithmetic mean with a 95% confidence interval was calculated

for CFs (in the tables and in the text they are represented as M

(95% CI). The next step was to analyze associations of CF with

non-conventional CVD risk factors in Novosibirsk population. If

the trait met the normal distribution criteria, a single-factor vari-

ance analysis and a multi-rank Duncan test were used. Their

choice is due to their high sensitivity, absence of necessity to know

the law of distribution of the population studied, the use of alter-

native variables in the analysis, as well as the ease of application.

Associations of the lower and upper quartiles [Q25–Q75] of indi-

vidual CFs with non-conventional RF of the CVD were checked

by means of conjugation tables using the Person's' _2 criterion.

The differences were considered statistically significant at the

level of at least 95% (p<0.05) [19].

R E S U L T S
The assessment of CF in young people according to their

professional status revealed statistically significant differences

between individuals engaged in physical labor, compared with

engineering and technical workers and managers (Tables 2 and 3).

When analyzing the properties of memory, it was revealed that

during the first recall of 10 words in the Luria test (this indicator

can also serve to assess the degree of concentration), the best indi-

cators were among the management team (especially, among top

managers – 7.1±1.029 words), in comparison with people

engaged in physical labor (the worst among workers of moderate

and light physical labor – 6,162±1,191 words). The differences

between the compared groups were statistically significant

(F=5.537, p<0.0001) (Table 2). At the same time, the differences

between workers of moderate physical labor and managers (Δ)

were the greatest and reached 0.849 words (S.E.=0.247; p=0.022;

95% CI = -1.642 – -0.057) (Table 3). In the study of another

indicator of memory, reflecting direct memorization of informa-

tion – the average number of correctly memorized words (with

three presentations), the same patterns were revealed. The best

results were among the management staff (especially, among top

managers – 8,356±0.871 words), compared with people engaged

in physical labor (the worst among workers of moderate physical

labor – 7,622±1,134 words). The differences between the groups

were statistically significant (F=5.093, p<0.0001) (Table 2). At

the same time, the differences between workers of moderate phys-

ical labor and managers reached 0.735 words (S.E.=0.188; 

p =0.004; 95% CI = -1.339 – -0.130) (Table 3).

The same patterns were revealed when analyzing another

indicator of memory – delayed recall. The best indicators of

delayed recall were among the management team (especially

among top managers – 8.533±1.717 words), compared with blue-

collar professions (the worst among workers of moderate physical

labor – 7.514±1.924 and heavy physical labor – 7.429±1.453

words)/ The differences between the compared groups were sta-

tistically significant (F=4.046, p<0.0001) (Table 2). At the same

time, the differences between workers of moderate physical labor

and managers were the greatest and reached 1.096 words

(S.E.=0.287; p=0.005; 95% CI = -2.018 – -0.174) (Table 3).

As for memory indicators, engineers and technicians occu-

pied an intermediate position between persons engaged in manu-

al labor and management personnel: the first recall of 10 words –

6.719±1.261, direct memorization of a series of 10 words (with

three presentations) – 8.222±0.946, and delayed recall –

8,444±1,419 words, p<0,0001) (Table 2). In the test of the first

recall of 10 words, the differences between engineering and tech-

nical workers and workers of light physical labor reached 0.552

words (S.E.=0.121; p=<0.0001; 95% CI = -0.939 – -0.164). In

the test with direct memorization of a series of 10 words, the dif-

ferences between engineering and technical workers and workers

of light physical labor reached 0.388 words (S.E.=0.092;

p=0.001; 95% CI = -0.684 – -0.093) (Table 3). As for the delayed

recall of 10 words, the differences between engineering and tech-

nical workers and workers of moderate physical labor reached

0.93 words (S.E.=0.255; p=0.01; 95% CI = -1.750 – -0.111)

(Table 3). The group of students in terms of memory indicators

was close to the group of engineering and technical workers.

In the study of attention, it was revealed that when assess-

ing the number of letters crossed out in the proofreading sam-

ple within 1 minute, the best indicators were among the man-
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agement staff (especially among middle managers – 21.103±

3.888 symbols), compared with workers of physical labor (the

worst result was demonstrated by workers of heavy physical

labor – 16.643±6.512 symbols). According to this indicator,

engineers and technicians occupied a position close to the

management team (20.959±4.518 symbols). The differences

between the groups were statistically significant (F=3.71,

p<0.0001) (Table 2).

At the same time, the differences in this indicator between

workers engaged in heavy physical labor and managers were the

greatest and reached 4.978 letter symbols (S.E.=1.365; p=0.010;

95% CI = -9.359 – -0.597). There were also differences in the

number of letters crossed out in the proofreading sample within 

1 min. between heavy manual workers and engineering and technical

workers – 4.316 words (S.E.=1.297; p=0.033; 95% CI = -8.479 –

-0.154). The same parameter differed by 3.026 words between

managers and workers of moderate physical labor (S.E. = 0.930;

p = 0.043; 95% CI = -6.012 – -0.040) (Table 3). When studying

another indicator of attention, errors made in the proofreading

sample test (i.e., unrecognized or mistakenly crossed out letters in

the form), similar patterns were revealed, which, however, did not

reach the level of statistical significance (F=1.352, p<0.215)

(Table 2). Managers made fewer mistakes (the smallest number of

mistakes was made by middle managers – 2.487±2.553 symbols),

compared with workers of blue-collar professions (most mistakes

were made by workers of heavy physical labor – 3.857±4.538

symbols) (Table 2). The degree of concentration among students,

according to the results of the proofreading sample test, turned

out to be low and approached that of workers of heavy physical

labor (the number of letters crossed out in the proofreading sam-

ple within 1 minute – 16.667±2.887, and mistakes made in the

proofreading sample test – 3.667±2.082 symbols) (Table 2).

In the study of semantically mediated associations, the test

of speech activity (naming animals within 1 min., Animal

Naming test), revealed that the largest number of animals within

1 min. (the best indicator of the test) was given by managers

(especially, middle managers – 26.641 ± 5.887 animals), and

engineering and technical workers (25.082±6.368 animals).

Workers of moderate physical labor performed this task worst of

all; within 1 min. they named a total of 21,838±6,982 animals.

The differences between the groups were statistically significant

(F=4.136, p<0.0001) (Table 2). In Animal Naming test the most

significant difference (by 3.007 words) was between middle man-

agers and workers of heavy physical labor (S.E.=0.725; p=0.001;



O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

5

95% CI = -5.335 – -0.680) (Table 3). The same difference was

noted between workers and managers of other levels, as well as

engineering and technical workers (Table 3).

The assessment of thinking in the Concept Exclusion

Test (“5th extra”) also revealed statistically significant differ-

ences between professional groups (F=7.451, p<0.0001). It

was found that the largest number of words that did not corre-

spond to a logical sequence (i.e. the best result of this test) was

selected by middle managers (15.436±1.373 words), and engi-

neering and technical workers (15.212±1.755 words). The

smallest number of words that did not correspond to a logical

series was chosen by workers of heavy physical labor –

12.429±5.273 words, thus showing the worst result of this test

(Table 2). Also, the differences in the number of words that did

not correspond to a logical series between light manual work-

ers and middle managers were the greatest and reached 4.19

words (S.E.=1.181; p=0.015; 95% CI = -7.980 – -0.400).

The same parameter differed by 2.631 words between engi-

neering and technical workers and light manual workers

(S.E.=0.639; p=0.002; 95% CI = -4.681 – -0.581) (Table 3).

The results of the speech activity test and the assessment

of the number of words that did not correspond to a logical

sequence in the Concept Exclusion Test among students

turned out to be low. In this group, the results approached

those of workers of heavy physical labor (for the number of

animals mentioned within 1 min – 19.0±5.196, and for

selected words that did not correspond to a logical series –

14.333±2.082 words) (Table 2).

Additionally, an analysis of the combined impact of pro-

fessional status and educational level on the state of CF in

young people was carried out in order to separate the influ-

ence of education and profession in the study sample (Table

4).

In the group of managers and workers of moderate

physical labor, depending on their educational level, differ-

ences were revealed only in one indicator of CF: the first recall

in the A.R. Luria test with memorization of 10 words, and the

number of correctly chosen words in the "5th Extra" Concept

Exclusion Test, respectively. At the same time, engineering

and technical workers and workers of light manual labor

turned out to have significantly more differences in CF indi-

cators, depending on their education. So, for engineers, dif-

ferences were revealed in four parameters of CF: in the A.R.

Luria test with memorization of 10 words (first recall, average

number of words and delayed recall of words), and the num-

ber of animals named within 1 min. For workers of light phys-

ical labor, differences were noted already in seven parameters

of CF: in the A.R. Luria test with memorization of 10 words

(first recall, average number of words and delayed recall of

words), in proofreading test (the number of letters scanned

within 1 min and the number of letters crossed out within 

1 min), in the number of animals named within 1 min, as well

as in the number of correctly selected words in "5th Extra"

Concept Exclusion Test (Table 4).

Further, statistically significant differences in certain

cognitive parameters depending on education and profession

are presented as a median with the lower and upper quartiles.

Analysis of the first recall of words in the test with memoriza-

tion of 10 words revealed statistically significant differences in

3 groups of professions, representatives of which had higher

education. So, for managers and engineers, the median of this

Nevrologiya, neiropsikhiatriya, psikhosomatika = Neurology, Neuropsychiatry, Psychosomatics. 2022;14(2):26–34
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CF parameter was 7.0 words [quartiles 6.0–8.0], while for light

manual workers – 6.5 words [quartiles 5.0–7.0]. The same CF

parameter had statistically significant differences in 3 groups of

professions whose representatives received secondary specialized

(vocational) education. Here, the median of the first recall in the

test with memorization of 10 words for managers was 6.5 words

[quartiles 6.0–7.25], for engineers this median was 6.0 words

[quartiles 5.0–7.0], while for workers of light physical labor, it was

6.0 words [quartiles 5.0–7.0] (Table 4). The groups of engineers

and technicians, and light manual workers, whose representatives

had a higher education, showed statistically significant differ-

ences among themselves in the average number of words named

during their direct recall. Here the median for engineers was 8.33

words [quartiles 7.67–9.0], and for light manual workers it was

8.17 words [quartiles 7.25–8.67]. Delayed recall of 10 words after

an interfering task by the same persons revealed that for engineer-

ing and technical personnel the median was 9.0 words [quartiles

8.0 – 10.0], and for workers of light physical labor it was 8.0 words

[quartiles 7,75–9.0]. As for the number of animals named within

1 minute, statistically significant differences were also revealed

between engineering and technical personnel, and light manual

workers, whose representatives had higher education. In this case,

for the former, the median of this test was 26.0 words [quartiles

21.0–29.0], while for the latter it was 23.5 words [quartiles

19.0–28.25] (Table 4). The number of animals named within 1

min. revealed statistically significant differences between engi-

neers and workers of light physical labor, whose representatives

had secondary specialized education: for the former, the median

of this test was 23.0 words [quartiles 18.0–27.0], while for the lat-

ter it was 22.5 words [quartiles 19.0–26.0] (Table 4). The param-

eters of the proofreading test showing the degree of stability of

attention (number of letters scanned within 1 min.) statistically

significantly differed among workers of light physical labor

depending on the educational level (for higher education, the

median was 312.0 letters [quartiles 275.5–393.5], for secondary

specialized education – 280.5 letters [quartiles 242.25–349.5],

and for secondary education – 289.0 letters [ quartiles

242.0–320.0]). The difference was also noted in the number of

letters crossed out within 1 min. (for higher education the medi-

an was 22.0 letters [quartiles 19.0–23.0], for secondary special-

ized education – 20.0 letters [quartiles 15.0–22.25], and for sec-

ondary education – 18.0 letters [quartiles 16.0–21.0]) (Table 4).

D I S C U S S I O N
Our work (the population study of a representative sample

of young people aged 25–44 years) for the first time in Russia /

Siberia revealed quantitative changes in memory and attention

patterns associated with the profession, depending on the educa-

tional level.

The analysis of the population material revealed changes in

memory patterns and attention associated with the profession.

The Luria test scores reflecting memory characteristics were sta-

tistically significantly higher in managers (especially in senior

managers compared to those in working professions). The great-

est differences (Δ) were revealed in the first recall of 10 words in

the Luria test between workers of moderate physical work and

managers (0.849 words; p=0.022), in the average number of cor-

rectly memorized words between workers of moderate physical

work and managers (0.735 words; p=0.004), as well as in delayed

recall between workers of moderate physical work and managers

(1.096 words; p=0.005).

These results can be explained by the adverse effect on

memory of a variety of occupational hazards (for example, the

influence of heavy metals, solvents, etc.), the characteristics of

lifestyle and the initial level of education in persons of working

specialties, compared with managers and engineering and techni-

cal staff [20–22]. Also, it can be assumed that the brains of work-

ers, especially of low qualification, have structural features, such

as volume and degree of synaptic contacts, which acquire buffer-

ing functions in relation to damaging factors acting on the brain

(protective effect on CF). Thus, it can be assumed that workers

have a lower cognitive reserve, compared to managers and engi-

neers. 

During the attention study, it was revealed that when assess-

ing the number of letters crossed out in the proofreading sample

within 1 minute, the best indicators were among the management

staff, compared with persons engaged in manual labor (the worst

results were in heavy physical labor workers). In engineers and

technicians, this indicator was close to that of managers

(p<0.0001). At the same time, the largest differences in this indi-

cator between workers of heavy physical labor and managers

reached 4.978 letters (p=0.010). When studying the errors made

in the proofreading test, similar patterns were revealed, showing

that managers made fewer mistakes compared to those of working

professions. However, they did not reach the level of statistical

significance (p<0.215).

Such attention changes may be attributed to a higher level of

cognitive reserve in managers and engineering workers, compared

to those engaged in physical labor, as well as a lower impact of

occupational harms. These include the harmful effects of various

chemical and physical environmental factors [20, 21]. Their

harmful effects on CF (neurotoxicity) can be both short-term and

long-term when the effects are due to multiple exposure to low

levels of these factors. The number of animals named within 

1 minute in the speech activity test differed most significantly (by

3.007 words) between middle managers and workers of heavy

physical labor (p=0.001). Similar differences were noted between

workers and managers of other levels, as well as engineering and

technical workers. These data are confirmed in the clinical study

of Vagapova D.M. (2019) [22]. Such results can also be explained

by the mutual influence of the initial cognitive reserve, education-

al level, and presence of adverse environmental factors (physical or

chemical) on CF state [20, 21, 23]. The analysis of the population

material revealed that the largest number of words that did not

correspond to the logical series (i.e., the best result in the exclusion

test) was selected by middle managers and engineering workers,

compared to workers of heavy physical labor who chose the lowest

number of wrong words. The work of Sazonova A.L. (2014)

showed that education is a social indicator, which is one of the

most important parameters characterizing the social status of

young people (25–44 years old) [24]. Our results showed that

managers and engineers with higher and, in part, secondary spe-

cialized education, demonstrated better cognitive performance in

tests than persons of physical labor of the same educational level.

The past decade in the Russian Federation was accompanied by

contradictory trends in the change of the educational status of

young people. An increase in the level of education was observed

in all its types (to a lesser extent, in secondary vocational educa-

tion) [24]. However, at the same time, there is deterioration in

most of the quality indicators of education, including the level of

knowledge and personal characteristics of students, and the possi-

bility of their self-realization [24]. All of this can affect the results
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of cognitive testing. In the course of our work, we identified statis-

tically significant differences between individual professional

groups, depending on their educational level. They concerned the

results obtained in A.R. Luria's 10-word memorization test (the

first recall, average number of memorized words and delayed

recall), in proofreading (the number of letters scanned within 1

min and the number of letters crossed out within 1 min), the num-

ber of animals named within 1 min, as well as the number of cor-

rectly selected words in the "5th Extra" Concept Exclusion Test. At

the same time, the largest number of these differences was found

among workers of light physical labor, and the smallest – in the

group of managers of the same educational level. The latter per-

formed best in cognitive testing. Statistically significant differences

were also found between the engineers and technicians, whose

representatives had secondary specialized and higher education,

and light manual workers of the same educational level: the former

coped with the test tasks better than the latter.

A possible explanation of the above=stated associations of

memory and attention with occupational status may provide a

cognitive reserve hypothesis. According to the cognitive reserve

hypothesis, some individuals have the ability to tolerate age-relat-

ed changes and disease-related pathology in the brain without

developing clinical symptoms or signs of disease, and there is a

relationship between cognitive reserve and education, occupa-

tional complexity, reading ability, IQ and, respectively, cognitive

impairment [23]. Cognitive reserve is believed to be the result of

changes in the brain itself caused by changes in its structure and

data processing [25]. According to Stern Y. (2006) [26], cognitive

reserve can take two forms: (1) neural reserve, in which existing

brain networks are more effective or have greater throughput, may

be less susceptible to impairment; and (2) neural compensation in

which alternative networks can compensate for pathological

impairment of the pre-existing networks.

There is an assumption that pathological "pre-nosological"

changes in the brain may exist long before the appearance of clin-

ically significant manifestations of cognitive impairment [27].

The presence of a "threshold" or "threshold dose" is implied, stat-

ing that an initially high cognitive reserve will limit clinical man-

ifestations of the pathology of the nervous system until the

"threshold" level of brain pathology is reached. In this case, cog-

nitive reserve can no longer compensate for pathomorphological

brain changes. The theory of cognitive reserve implies that it can

be implemented both through protective and compensatory

mechanisms. Individuals with higher cognitive reserve (with

higher educational and occupational status) will have lower

prevalence and frequency of cognitive impairment, especially

dementia disorders, including Alzheimer's disease [28–30].

The quantitative results of the population-based study of

cognitive functions, which we obtained, suggest that mental and

physical stimulation of the brain (in managers and engineers)

throughout life, contributes to an increase in the cognitive

reserve, allowing them to maintain cognitive functions in old age,

as well as protecting against the development of cognitive impair-

ment or slowing their appearance [33].

C o n c l u s i o n s
1. The decrease in memory among workers, in comparison

with managers, in the Luria 10-word memorization test, first

recall, reached 0.849 words, in the average number of correctly

memorized words – 0.735 words, and in delayed recall – 1.096

words (p<0.05).

2. In the study of attention, the proofreading test revealed

that the number of letters crossed out within 1 min. was higher for

the management team than for workers, reaching 4.978 letters

(p<0.05).

3. Semantically mediated associations in workers in the

speech activity test were lower than in managers and engineering

workers, reaching 3,007 animals named within 1 min. (p<0.05).

4. When analyzing thinking in the Concept Exclusion Test

(“5th – extra”), a greater number of words that did not corre-

spond to a logical series (i.e., the best result in this test) were

selected by managers and engineering and technicians, compared

with workers (p<0.05).

5. It was revealed that managers and representatives of engi-

neering and technical personnel had the best CF performance in

comparison with workers of the same educational level.
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