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Fatigue and mental performance
during prolonged mental activities on
fasting in young people with different
attitudes to alcohol use

Vladimir Alexeevich Pereverzev

ABSTRACT

Background: Fatigue and mental performance are closely related parameters of higher integrative brain
functions. These indices of higher brain functioning had been implicated in general intellectual abilities,
effectiveness of the diurnal performance, especially in people with active brain development and high cognitive
demand such as young adults and students. Unfortunately, there is a paucity of data on the effects of alcohol
consumption on the fatigue and mental performance level of young adults (students) with different attitudes to
alcohol consumption. The aim of this study was to investigate the differences in fatigue and mental performance
of young adults (university medical students) with different attitudes to alcohol consumption. Materials and
Methods: Altogether, 27 participants (alcohol users and non-alcohol users, males, age range 20-29 years)
volunteered for the study. The first period of this study took 6.5 h of mental activities on fasting. Thereafter, for
a period of rest (2 h) following administration of glucose (75 g), functions of the participants were examined.
Alcohol users did not use alcohalic drinks of any composition for 1-4 weeks before the study. All participants
were administered standardized questionnaires (alcohol use disorders identification test, WAM, WAM-8, etc.),
and assigned specific tasks in four phases. Standard psychophysiological tasks were administered to them,
S0 as to produce a working environment that would necessary produce fatigue on the long-run. The rate of
error commission was also examined. Blood glucose sampling was done at 2 h intervals. The statistical level
for significance was set at P < 0.05. Results: Comparative analysis of the objective (number of errors in the
test of attention and all five tests) and subjective (scores on “WAM™ and “WAM-8") parameters of fatigue
and mental performance in young people (students) at baseline and in the course of mental work, and the
rest after work, indicates a fast development and high level of fatigue in alcohol users. In 52.6% respondents
who reported alcohol use, 2 h of rest and consumption of 75 g of glucose were inadequate for full recovery of
their functional state and performance following fatigue, caused by prolonged work on fasting. In 38.9% cases,
alcohol users had signs of chronic fatigue. Conclusion: The high level of fatigue and impaired performance in
alcohol users indicate unsafe use of even low-to-moderate quantity of alcohol by young students.
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Until date, owing to its immense practical importance; the
problem of fatigue is still causing a broad discussion on a range

The problem of fatigue is one of the major problems in applied
physiology, primarily labor and sports physiology [1,2]. The term
“fatigue” has about 100 different definitions [1,2]. According
to the “Guidelines on terminology in physiology of labor,”
fatigue is the process of a temporary reduction in the functional
capacity of a person under the influence of intense or prolonged
work, manifested in the deterioration of the quantitative and
qualitative performance and dis-coordination of physiological
functions [3]. More widely known, and common in the scientific
literature is the definition of fatigue as a temporary reduction
in cfficiency caused by previous work [1,2].
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of issues and, above all, its nature (causes and mechanisms of
development); diagnosis of fatigue and performance evaluation;
ways and means of combating fatigue and stimulating efficiency
of work [1-3]. A lot of factors can cause fatigue: Physiological
(state of health on the day of examination or study, adherence
to sleep and wakefulness regimen, work and leisure); hygiene
(microclimate), socio-economic, aesthetic [1-3]. Nevertheless,
insufficient attention has been given to the assessment and
analysis of the duration of abstinence from alcohol on fatigue,
especially in a sober person following a few days or even weeks
after alcohol consumption.
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Mental performance is a key indicator of brain functioning,
vital in the daily activities of humans. Mental performance is
especially necessary for adolescents and young adults (students)
and also indicates the level of brain development. Among
the factors known to negatively affect mental performance,
alcohol, which is the most prevalent psychotic substance
among adolescents, young adults and students in the world,
exerts greater negative impact on the intellectual abilities of
this group of people [4-7]. It is widely known that the most
vulnerable population to the effect of alcohol consumption is
the adolescents, young adults and students since this group of
people are in the stage of active development of the brain areas
for intellectual, and other socio-behavioral abilities — decision
making, social skills, foresight, abstract reasoning. The level of
development of these societally beneficial abilities determines
to a great extent the individual’s life outcome. The intellectual,
behavioral outcomes might even be more beneficial for young
adults-students, due to the high demand for intellectual and
behavioral functioning [4,5,8,9].

Fatigue and mental performance are closely related indices of
higher integrative brain functions. Evidences indicate that these
indices play a crucial role not only in general intellectual abilities,
but also, effectiveness of the diurnal performance (including
physical activities), especially in people with active brain
development and high cognitive demand (e.g., adolescents,
young adults [students]). The effects of alcohol consumption
on the level of mental performance are known for decades. The
effects of large doses of alcohol (acute or chronic) on some
behavioral indices of adolescents, young adults and students
have been well documented [6,7,9]. However, there is a paucity
of data on the differences in the development of fatigue and
mental performance of young adults (students) who episodically
consume alcohol (even in low-to-moderate doses) and total
abstainers [5,9].

In a previous study, it was identified that the majority of students
were episodic, occasional alcohol users [4]. In spite of the low-to-
moderate level of alcohol use by the students, a substantial level
of alcohol-related problems was reported amongst them [4].
The effect of high doses of alcohol consumption (acute or
chronic) on intellectual and behavioral indices such as fatigue
and mental performance is quite known. Unfortunately, little
attention has been given to the effect of alcohol use (especially
episodic, low-to-moderate consumption, in varying periods of
abstinence) on fatigue and mental performance in the young
student’s population. Therefore, the aim of this study was to
conduct a comparative analysis of the development of fatigue
and level of mental performance in alcohol users-young adults
(students) during the period of abstinence and non-alcohol
users (total abstainers).

MATERIALS AND METHODS

Study Participants

The study was conducted at the Belarusian State Medical
University, Minsk, Belarus. The Ethics and Research Committee
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of the Belarusian State Medical University approved the
study protocol. The participants of the present study were
those who took part in an earlier study conducted in the same
university [4]. A month before the study, males who previously
participated in an earlier study [4] were randomly approached
to volunteer for participation after the aims and objectives
of the study had been explained. After 2 weeks, they were
administered consent forms to volunteer their participation.
Only those who agreed to participate and fulfilled the inclusion
criteria were requested to read and sign an informed consent.
After 1 week, the participants who completed the consent forms
were reminded for the study and told to come for participation
on an identified weekend (Saturday). The study was conducted
with the voluntary participation, through informed and written
consent of 27 male students of the medical university. Out
of them, respondents who reported alcohol use during the
past 1-4 weeks were 19, whereas 8 were non-alcohol users
(abstainers). The methodology used in this study had been
previously reported [5].

Inclusion Criteria

1. A sincerity test score of at least 70% according to earlier
recommendations [4]

2. Absence of any hearing or visual problem that would limit

the student’s participation in the study

Willingness to participate

4. All participants had undergone compulsory yearly medical
check-up based on the information on their medical cards

5. No history of diabetes or glucose intolerance based on data
of recent compulsory yearly medical check-up

6. Alcohol abstinence of at least 1 week.

V)

For the diagnosis of fatigue, the following basic rules and
recommended guides were applied: (1) Use the most appropriate
indicators for a given condition; (2) use not just one, but a set of
indicators; (3) analyze the dynamics of indicators on the basis
of repeated registration, beginning at the initial level, and in
the course of the study [1,2]. Given these recommendations,
appropriate design of the study was developed.

Study Design

All respondents performed the same type, standard mental
work on fasting at the same time of the day for 6.5 h, and
then they rested for 2 h, and again performed mental work for
about 30 min. The time spent on each participant in the study
was 9 h. Design of total time expenditure for each participant
is as follows. The first '2 h involved first blood sampling for
glucose and the initial determination of the indicators of
fatigue and mental performance. Then, for 1'% h, participants
filled questionnaires (first phase). After which the second
blood sampling for glucose and the second determination of
indicators of fatigue and mental performance were performed
("2 h), subsequently, participants worked with Phase II of
questionnaires (12 h). Thereafter, a third blood sampling and
determination of glucose followed, together with the third
testing of the indicators of mental performance ('2 h) and
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Phase I1I (1'2h). Then the fourth blood glucose determination
and fourth determination of indicators of fatigue and mental
performance followed (Y2 h). Phase IV included the rest of
students in a condition of glucose administration and final
blood sampling for glucose determination. After the final
determination of blood glucose, the fifth testing of fatigue and
mental performance was conducted (Y2 h). This final testing
was conducted to determine the effect of moderate glucose
intake on fatigue and mental performance. Thus, the study was
prolonged and lasted for about 9 h. The study began at 8/9 and
was terminated at 17/18. The study was performed in a series of
days. In each study, 2-5 subjects participated: 1-2 non-alcohol
users and 1-4 sober respondents who reported abstinence during
the past 7-28 days.

Determination of Blood Glucose

The level of glucose in whole capillary blood was determined in
cach participant. The first determination was done (at baseline)
before the start of the study. In the dynamics of mental work,
three measurements were conducted: After 2 h (second
measurement), 4 h (third) and 6 h (fourth measurement).
After 30 min, after the 4th glycemia measurement, glucose
was administered to all participants. After oral administration
of water (200 ml water) solution of glucose (in a dose of 75 ¢
for each participant), the blood glucose level were measured
after 2 h. The measurement was carried out using a glucose
monitoring system in 1-3 ml of blood “Rightest GM100”
(Bionime, Switzerland) with accuracy of up to 0.1 mmol/l.

Questionnaires and Tests

Standardized tests to determine fatigue and the state of mental
performance were represented by five types [5,10-12]. They
included tests for the analysis of short-term visual memory
for two-digit numbers (1), short-term auditory memory for
a sequence of digits (2), short-term auditory memory for
a sequence of vowels (3), operant memory and thinking
processes (4), as well as attention function (5). Determination of
mental performance was conducted 5 times: Immediately after
each blood sampling and at baseline (1* test) and in the course
of mental activities from 2 h (2"), 4 h (3*) and 6 h (4™"), and
after 2 h of rest, that is §'2 h from the start of the study (5%).
Analysis of mental performance was conducted on the basis of
errors commission on the tests.

Since diagnosis of fatigue may be considered not only in the
case of reduction in the effectiveness of labor (as an objective
criterion), but also in case of change of mental and emotional
state of a person (as a subjective criterion). As such, subjective
criteria evaluation following the measurement of objective
indicators of fatigue and mental performance each time by
identifying subjective indicators of well-being, activity and
mood (“WAM” and “WAM-8” tests [13,14]), the subjective
parameters of anxiety state trait anxiety inventory (STAI) [15,16],
neuro-psychological adaptation” were determined each time
phase [17]. The number of errors on carefully designed groups
of standard mental tests and test scores on WAM-§ according
to recommendations [1-3,5,10-14] was used for the subjective
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and objective assessment of fatigue and mental performance.
There are numerous tests used in the assessment of fatigue,
but recent reports indicate a high reliability of the “WAM” test
(especially WAM-8) [13,14,18] and number of errors in mental
tests involving attention and memory. The “WAM?” test is used
for the analysis of fatigue in students and athletes [13,18],
while the shortened “WAM?” test referred to “WAM-8” has
a high reliability for use among pilots [14]. Average score on
“WAM-§8” equal to 4.0 or less indicates poor functional state
of the pilot (participants), which result in the suspension of
the pilot from flights to restore full functionality. The analysis
of the STAI [15,16] and neuro-psychological adaptation [17]
are well-documented. Thus, § objective and 6 subjective
indicators were constantly recorded in the students in the
study. This corresponds to the second rule in the diagnosis of
fatigue — complexity of the resulting amount of evidences at
the psychophysiological, psycho-emotional and biochemical
levels. Dynamic observation of the specified 14 indicators is
also consistent with the third rule in the diagnosis of fatigue
and allows for an objective assessment of fatigue and mental
performance of participants during prolonged mental work and
rest afterwards.

This study applied numerous questionnaires as stated below
and was mecant to produce substantial level of load for
mental activities. Mental activities carried out by participants
included filling of questionnaires and analysis of medical
texts. At the first phase, for 1'2 h the subjects filled a series
of questionnaires: “General” and built in “Sincerity” test,
“Academic Achievement”, including questionnaires widely
used in Narcology and general practice for the determination of
problems caused by alcohol, “alcohol use disorders identification
test (AUDIT),” “CAGE,” “Michigan alcoholism screening test
(MAST)” and “post-alcohol intoxication (PAS)” [5,19,20]. At
the 2" phase (also for 12 h - 24 to 4 h), participants worked
with the text “physiology and morphology of bone” and then
performed a control test of 43 questions. At the 3" phase
(also for 12 h - from 4'/2 to 6 h), respondents worked with the
text “physiology of the autonomic nervous system” and then
performing a control test of 46 questions. At the 4™ phase,
students rested, in a condition of glucose-tolerance test.
Detailed description of the tests and questionnaires used in
this study is outlined in the monograph [5].

Data Analysis

Statistical analysis was conducted using a computer program
Statistical package for the social sciences 16.0 version
(Chicago, IL, USA). The y*-test was used to test for a normal
distribution. Comparison between groups was made with ¢-test.
Corrclation tests were carried out with Pearson correlation
cocfficient to determine the association between objective
(number of errors) and subjective (WAM-8 score) measures of
fatigue. The share of mutual inter-relationship of the analyzed
indicators was calculated on the basis of the coefficient of
determination (r?) by the formula r?¢ 100% [21]. The level of
significance was set at P < 0.05.
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RESULTS

Table 1 shows mean scores on the screening tests and reported
doses of alcohol use. From the table, it is seen that means of
tests scores are far lower than the level of problem drinking

(8 for AUDIT, 2 for CAGE and 6 for MAST).

The reported level of alcohol consumption by the alcohol users
ranges from low to moderate. The average score on the “PAS”
test was about 4, which was significantly lower than the cut-off
point (10) for intoxication.

Analysis of the results showed that both objective and subjective
measures of fatigue are pronounced in alcohol users, compared
with their fellow abstainers at all phases of the study - at baseline
(Le., after a full night’s rest), in the course of mental work and
after 2 h of rest.

Analysis of the dynamics of the number of errors in the test on
attention and the total number of errors in all five tests [Table 2]
showed a significant increase (15.8-115.8%) in alcohol users, in
the course of mental work, beginning from the 2" h of mental
work. This confirms the presence of pronounced fatigue in
students who consume alcohol at the end of the week and its
significant increase during mental activities. Conservation of
an increased number of erroneous actions by alcohol users after
2 h of rest indicates the apparent inadequacy of this period of
rest for this category of persons consuming alcoholic beverages.

Table 1: Average scores (M+m) on the AUDIT, CAGE,
MAST and PAS and the reported quantity of alcohol use by
students - abstainers (Group 1) and alcohol user (Group 2)

Group

Average test scores Alcohol use

AUDIT CAGE MAST Frequency/ ml/per ml/
month  session month

Group 1, n=8 0 0 0 0 0 0
Group 2, 5.1+1.1 0.6+0.2 1.7+0.4 2.3+0.6 38+4 94+26
n=19 (1-12) (10-60) (10-480)

AUDIT: Alcohol use disorders identification test, MAST: Michigan
alcoholism screening test

Table 2: Number of errors at baseline and its dynamics in
the course of mental work in relation to the initial number
during work (M=m) in abstainers (Group 1) and alcohol
users (Group 2) in the test “‘correction probe’ on attention
and all five tests

Time of testing Number of errors and its  Number of errors and its

dynamics in the dynamics in all
attention test five tests
Group 1 Group 2 Group 1 Group 2
Initial 2.8+0.8 15.2+3.5"  14.1+1.3 28.4+3.91

After 2 h of work —0.4+£0.5 +3.0+1.4* —1.1+£1.0 +4.5+2.1*"
After 4 h of work +0.3£0.8 +9.0£3.5*" —0.4%£1.3 +10.6+4.2*'
After 6 h of work —0.2+£0.6 +17.6%£5.8*" —0.9+£0.6 +19.1£6.1**1
After 2 hof rest —0.3+0.9 +13.2+6.9 —1.0£1.5 +7.4+2.8*"

*P<0.05, **P<0.01 compared with students in its own group at the
first testing (at baseline); P<0.05; ""P<0.01 compared with analogical
data of Group 1 at the same stage of testing. The values were calculated
using the Student’s test
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In 79% cases, concentration of attention among the alcohol users
(15 out of 19 respondents) was already reduced at the initial
testing. Analogical parameter of abstainers was 6.3 times lower
(1 out of 8). This fact clearly shows that after 5 days (Monday
to Friday of school work) of mental work, for most alcohol users,
even a good night’s rest is insufficient for full recovery. They made
on average 5.4 times more errors [Table 2] and had a 6.3-fold
(P < 0.002; Pearson y* = 10.3; df = 1) greater risk of reduction
in the concentration of attention compared to abstainers.

Dynamic observation of performance “well-being,” “activity”
and “mood” of the respondents who use alcohol, showed a
significant reduction during mental work after 2 h from the
beginning of the experiment [Table 3]. All three indicators of
the test “WAM?” in the sober students during mental activities
were on one or more points lower, compared to the non-drinkers.
In the dynamics of mental activity, difference between the
scores of “activity” and “mood” subscale on the test “WAM”
in sober respondents increased to 1.4 and 1.5 points at 4 h and
6 h work-load respectively [Table 2]. After 2 h of rest (under the
condition of saticty), this difference reduced to 1.0 (P < 0.05;
t = 2.1; df = 17) points, but remained statistically significant
for ascertaining the fact of conservation of fatigue among
respondents who consume alcohol [Table 3]. The tendency for
some reduction in the points on all subscales “WAM?” at the end
of mental work (after 6 h from the beginning) in the abstainers
after 2 h rest was reversed, leading to full normalization of “well-
being,” “activity” and “mood” [Table 3].

The good results of the abstainers on “WAM,” compared with
the alcohol users was confirmed by the results of the glucose test.
There was constant increase in the blood glucose level of the
non-alcohol users (on fasting), compared with the initial level
(4.2 = 0.2): +0.7 mmol/l (P < 0.001) after 2 h; +1.2 mmol/l
(P < 0.001) after 4 h; +1.5 mmol/l (P < 0.001) after 6 h of
mental work. Among the alcohol users, increase in the blood
glucose occurred only after 2 h of mental work (+0.3 mmol/l,
P < 0.02) with its return to the initial value after 4 h of mental
work (—=0.01 mmol/l) and the development of hypoglycemia
(=0.6 mmol/l, P < 0.05) after 6 h of mental work (initial level of
4.5 £ 0.2). The final determination of blood glucose level, after
2 h of rest, following administration of 75 g of glucose, showed
that all values were in the range of normal (~4.4 mmol/l). 2 h
of rest (in a condition of glucose intake) were sufficient for the
abstainers to fully restore all three parameters on the “WAM”
test. For alcohol users, after 2 h of rest [Table 3], none of the
three indicators of “WAM?” did not recover to the initial value,
and remained reduced by 1.0-1.4 points relative to similar
indicators of the abstainers on the subscale “well-being” and
to the initial value (=0.9 points).

The results in Table 4 indicate that the number of alcohol users
who had reduced test “WAM-8” score down to 4 points, or less,
steadily increased: After 2 h — 3 students; after 4 h - 5 students;
6 h =7 students [Table 4]. The average test scores of the seven
alcohol users who had a decline on “WAM-8,” ranged from 3.0
to 5.1 points, which is considered as chronic fatigue and even
exhaustion. Due to fatigue and hypoglycemia development,
three participants (alcohol users) refused to continue the
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Table 3: Self-assessment of the functional state on the test “WAM-8" and on the three subscales “WAM'’ (M +m) by the
abstainers (Group 1) and alcohol users (Group 2), at initial, in the course of mental work, and after rest

Time of testing “WAM-8" Test

Subscale “*Well-being”’

Subscale “activity” Subscale “*mood”’

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
Initial 6.1+0.2 5.7%0.2 6.1+0.3 5.9+0.1 5.6+0.3 4.9+0.2 6.4+0.2 6.1+0.2
After 2 h of work 6.0x£0.3 4.9+0.37 6.1+0.2 5.2+0.3 5.4+0.3 4.2+0.3*1 6.5+0.1 5.3++0.4"
After 4 h of work 5.6+0.4 4.3+0.4*1 5.8+0.4 4.6+0.4* 5.4+0.4 3.7+0.3%f 6.1+0.2 5.1+0.4*
After 6 h of work 5.5+0.4 4.0+0.4*1 5.6+0.4 4.6+0.4* 5.2+0.5 3.6+0.3*f 6.3+0.2 5.0+0.4*"
After 2 h of rest 6.1+0.2 4.5+0.4*1 6.0+0.2 5.0+0.4*1 5.7+0.3 4.3+0.37 6.6+0.1 5.3+0.4"

*P<0.05, **P<0.01 compared with students in its own group at the first testing (at baseline); "P<0.05; ""P<0.01 compared with analogical data of
Group 1 at the same stage of testing. The values were calculated using the Student’s test

Table 4: Self-assessment of functional state on the test “WAM-8"' at baseline, during mental work and after rest by the

abstainers (Group 1) and alcohol users (Group 2)

Number and time of Group Number of students who rated their functional state as
testing Excellent Good Satisfactory Non-satisfactory
WAM-8>6.0 WAM-8=5.0-6.0 WAM-8=4.1-4.9 WAM-8<4.0

1%, initial 1, n=8 4 4 0 0
2, =19 6 10 3 0

Differences between groups x?=1.8; P>0.05 (for 3 degrees of freedom)

2", after 2 h of work 1, n=8 5 2 1 0

*In relation to the initial in its own group x?=1.8; P>0.05 (for 2 degrees of freedom)

2", after 2 h of work 2, n=19 3 9 4 3

*In relation to the initial in its own group x?=0.8; P>0.05 (for 3 degrees of freedom)

Differences between groups x*=6.3; P>0.05 (for 3 degrees of freedom)

31, after 4 h of work 1, n=8 3 2 3 0

*Relation to the initial in its own group x?=3.8; P>0.05 (for 2 degrees of freedom)

31, after 4 h of work 2, n=18+1 3% 2% 9% 441%

*Relation to the initial in its own group *¥*=14.3; P<0.005 (for 3 degrees of freedom)*

Differences between groups x>=6.0; P>0.05 (for 3 degrees of freedom)

4% after 6 h of work 1, n=8 3 1 3 1

*Relation to the initial in its own group x?=5.9; P>0.05 (for 3 degrees of freedom)

4% after 6 h of work 2,n=18+1 1*7 5*f 6*1 6+1*f

*Relation to the initial in its own group *y¥?=13.2; P<0.005 (for 3 degrees of freedom)*

Differences between groups ¥?=9.4; P<0.025 (for 3 degrees of freedom)?

5% after 2 h of rest 1, n=8 5 3 0 0
2,n=18+1 21 val 6f 3+1f

Differences between groups

%?=9.0; P<0.025 (for 3 degrees of freedom)?

Reduction in the number of respondents was due to the fact that one student of Group 2 discontinued participation in the experiment during the 2"
phase of the study. The significance of differences was calculated using the Student’s t-test: *Significant difference (P<0.05) compared with students in
its own group at the first testing; TSignificant difference (P<0.05) compared with analogical data of Group 1 in the same phase (number) of testing

experiment and one student from the execution of the control
test on “Physiology of the autonomic nervous system” on the

3 phase. Thus, 38.9% (P < 0.001) of alcohol users had signs
of chronic fatigue [Table 5].

Functional state of the abstainers under the same conditions
was much better [Tables 4 and 5]. The magnitude of the average
score on “WAM-8” in the abstainers only had a tendency for
decrease and was at all phase by 1.2-1.4 points higher than
the alcohol users [Table 3]. The stable performance scores
on the same scale of the state anxiety (30-33 points) and
trait anxiety (33-30 points) on Spielberger-Hanin test were
indicative of a good functional status in abstainers. In the same
sober respondents who periodically consume alcohol at stable
assessment of trait anxiety (34-38 points), had an increase in
state anxiety score from 35 points to 41-43 during mental work
(which was significantly higher than that of non-drinkers) with
a return to the initial value (37 points) after administration of
glucose, and 2 h of rest.
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Nevertheless, prolonged mental work (6 h) even in abstainers
resulted to a decrease in well-being in four students. The 2 h rest
for the abstainers was sufficient to restore their functional state
fully [Tables 4 and 5] and the elimination of psychological signs
of fatigue. The absolute number and proportion of abstainers
in excellent functional state was significantly higher, and
those in satisfactory and unsatisfactory condition (none) were
significantly lower than the alcohol users [Tables 4 and 5]. All
abstainers (100%) after rest assessed their functional state as
excellent or good [Table 5]. Among alcohol users, only 9 people
(47.4% of respondents) a similar self-rating of their functional
state after 2 h of rest. In 52.6% cases, alcohol users were unable
to recover fully during the time of rest.

Correlation analysis of the relationship between objective
and subjective measures of fatigue shown in Table 6, revealed
no significant associations on the 1* testing, on the morning
after a full night’s rest. In the process of mental work, this
relationship, between the absolute number of errors and
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Table 5: Number of participants with fatigue according to the results of self-assessment of functional state on the test
“WAM-8" at baseline, during mental work and after rest by the abstainers (Group 1) and alcohol users (Group 2)

Number and time of testing

Number (%) of students without fatigue,
WAM-8+0.9 point

Number (%) of students with fatigue,
|WAM-8=1 point

Group 1

Group 2 Group 1 Group 2

2", after 2 h of work (M=m)
31, after 4 h of work (M=m)
4" after 6 h of work (M=+m)
5t after 2 h of rest (M=m)

8 (100)
6(75.0+15.3)
6(75.0+15.3)

8 (100)

13 (68.4+10.7)*F
8 (42.1+11.3)*
8 (42.1+11.3)*
9 (47.4+11.5)*"

6 (31.6+10.7)*f
11 (57.9+11.3)*
11 (57.9+11.3)*
10 (52.6+11.5)*"

0 (0)
2(25.0+15.3)
2(25.0%+15.3)

0 (0)

Reduction in the number of respondents was due to the fact that one student of Group 2 discontinued participation in the experiment during the 2"
phase of the study. The significance of differences was calculated using the Student’s t-test: *Significant difference (P<0.05) compared with students in
its own group at the first testing; 'Significant difference (P<0.05) compared with analogical data of Group 1 in the same phase (number) of testing

Table 6: The relationship between subjective (mean score on “*“WAM-8") and objective (number of errors on all five tests) at

baseline, in the dynamics of mental work and after rest

Parameter

Values of the parameters and their changes in the course of mental work and after rest

Before work

During work, time (number of testing) After 2 h of rest

Initial (1% After 2 h (2") After 4 h (3") After 6 h (4t) After 8% h (5t
Respondents n=27 n=27 n=26 n=26 n=26
“WAM-8" 5.8+0.1 5.2+0.3 4.8+0.3 * 4.6+0.3 * 5.2+0.2*
*t-test in relation to initial value P>0.05 t=3.2; P<0.01 t=3.8; P<0.001 t=2.7;, P<0.02
Error on five tests 24.2+3.0 27.0+3.3 31.3+4.21 37.0+5.91 29.0+3.8"
Pearson (r) between “WAM-8"" and r=+0.1; r=-—0.2; r=-0.4; r=—0.6; r=-0.4;
absolute no. of errors on 5 tests P=0.416 P=0.213 P=0.016 P=0.001 P=0.037
% Contribution 1.0 4.0 16.07 36.07 16.07
Dynamics of number of errors - +2.8+1.6" +7.2+3.1*1 +12.9+4,5%F +4.9+2.1*%F
*Significance in relation to initial value P>0.05 t=2.3; P<0.05 t=2.8; P<0.01 t=2.3; P<0.05
Pearson () between “WAM-8" and r=-0.4; r=-0.7; r=-0.8; r=—0.4;
dynamics of number of errors - P=0.027 P<0.001 P<0.001 P=0.023
% Contribution - r100=16.0" r-100=49.07 r-100=64.0" r-100=16.0"

*Significance of differences with respect to the initial values in the first (initial) testing based on Student’s t-test; "The significance of the correlations
between parameters using Pearson r. The share of mutual inter-relationship of the analyzed indicators was calculated on the basis of the coefficient of

determination (r?) by the formula ¢ 100%

WAM test scores, appeared after 4 h and 6 h [Table 6]. The
relationship was of medium strength with a negative value,
i.e., the better the functional state of the students, the lower
the error commission rate. This significant negative correlation
of medium strength was maintained between the pairs of
indicators in the participants and after 2 h of rest [Table 6],
which probably reflects the inadequacy of 2 h of rest for most
of the alcohol users.

Significant negative medium and strong relationship between
test scores “WAM-8” and the dynamics of the total number
of errors on the five tests was observed at all phases of mental
activities, after 2 h and after rest [Table 6]. Inter-relationship
between the subjective (functional state on the test “WAM-87)
and objective (number of errors) signs of fatigue increased from
14.7% to 57.3%, respectively [Table 6] and remained after 2 h
of rest under administration of 75 g glucose.

DISCUSSION

This present study investigated the differences in fatigue and
mental performance of university male medical students with
different attitudes to alcohol consumption. The observed results
indicate a high level of fatigue and impaired performance in
alcohol users, compared to the non-alcohol users. The rapid
development of fatigue and low efficiency of mental work could
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be seen as important factors limiting the success of educational
activities of students and increase in the likelihood of obtaining
unsatisfactory scores in examinations.

Effectiveness of mental performance during prolonged mental
work (~6-9 h) is a necessary condition necessary for medical
education. As in the Belarusian State Medical University, the
timetable of daily studies is structured to last approximately
6-9 h on the average, through Monday to Friday. Labor of
students is traditionally viewed as the 5% kind (group, type)
of mental work [2,3]. The first four ones are classified thus:
Operator (1), management (2), creative (3), health workers (4).
Labor of students requires challenging basic mental functions,
such as attention (one of the most fatigue-prone cognitive
functions), memory (primarily visual), thinking [1-3]. This is
why standard tests involving these functions were designed to
be used in combination for the determination of the level of
fatigue and mental performance.

In accordance with the first rule of the diagnosis of fatigue
and mental labor, the students were invited on weekend
(Saturday) to perform a prolonged (6.5 h) mental work,
which was closer to their educational activities. Mental load
in all students was completely identical and included two
kinds of work — performance of standard tests to determine
the psychophysiological and psychological indicators of
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mental performance, as well as work with questionnaires and
educational medical texts. This provided a standard design for
the analysis of fatigue in the students.

The “WAM-8” is designed for subjective rapid diagnosis of the
functional state of pilots before a flight, in inter-flight intervals
during work and on the completion of flight [14]. It follows
from the data presented in Table 3 that the average score on
the test “WAM-8” in the alcohol users after 6 h of mental
work was on the critical level. This critical level was noted in
7 alcohol users (out of 19), which was the result of their poor
functional state, and one of them even refused to continue the
mental work at the end of Phase IT (before the 3" test). Itis [1]
recommended that the number of errors made during standard
tasks and, above all, correction probe test for attention to be
used as a leading indicator of fatigue and mental performance.
Attention is one of the most demanding functions in learning
and at the same time one of the mental functions most liable
to fatigue [3]. Fatigue in the students was a valuable indicator
of the dynamics of the total number of errors made in the five
standard tests (three tests on short-term visual and auditory
memory, thinking and test for attention) in the process of
mental work.

Higher rate of error commission was identified for the alcohol
users. This result is in agreement with an carlier report [1].
Higher rate of error commission among the alcohol users in
this study was comparable not only with values for males, but
also with the values for females, according to the results of a
previous study involving a single testing on a large sample of
students [5]. The presence of fatigue at the beginning of the
work and the inadequacy of a night rest in sober respondents,
who occasionally consume alcoholic beverages (i.c., Group 2
students —alcohol users), was also confirmed by their subjective
self-assessment on the test scales “WAM” and test “WAM-§8”
[Table 2]. Hence, their average score on the “Activity” subscale
was 1.2 lower, compared to the average score on the “Mood”
subscale [Table 2], which, according to Doskin et al. (1973), is
the subjective sign of fatigue [13]. Although WAM scores of
the alcohol users were lower, even the non-drinkers showed a
tendency for a decrease in all three indicators of the “WAM”
test [Tables 2 and 3] after 6 h from the start of the study, which
can be explained by the development of fatigue in some of the
respondents due to a lengthy and fairly complex task execution
on fasting in the catabolic phase of metabolism.

How blood glucose changes during mental work could be an
important indication of fatigue and mental performance [5,8].
In this study, glucose level in blood was measured to determine
how the blood glucose level changes during prolonged mental
work and how administration of oral glucose affects the fatigue
and mental performance level. The gradual increase in blood
glucose level in the abstainers could be viewed as a phenomenon
of working functional hyperglycemia, necessary for adequate
energy supply for brain functions. On the contrary, a gradual
decrease in the level of glycemia during mental work among
the alcohol users, and especially after 6 h of work could be
referred to as functional relative hypoglycemia. The obtained
result of subjective recovery (on the “WAM?”) of the functional
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state in abstainers is reported as high effectiveness of mental
work [5] and retention of high concentration of attention in the
test “correction probe” [Table 2]. The absence of full recovery
in the alcohol users is an evidence of subjective feelings of
conservation of fatigue and inadequacy of 2-h rest. These data
confirm the notion that glucose has a positive effect on cognitive

function [22-24].

It should be noted that the administration of 75 g of glucose and
2 hirest for four alcohol users were clearly insufficient to restore
their functional state, as the score on “WAM-8” remained
<4 points. These facts show the limitations of the positive
action of glucose on mental performance in alcohol users even
during a substantial period of abstinence. The mechanism of
its occurrence can be caused by a decrease in gene expression
of GLUT1 and reduction in glucose uptake in brain cells (this
has been reported for neurons and astrocytes in animals even
after a single administration of ethanol [25]). Limitations of the
positive action of glucose on the correction of fatigue in people
who consume alcohol (episodically, even in low-to-moderate
doses) may be considered in mental activity of humans (drivers,
pilots, machinists, etc.).

These facts strongly suggest that alcohol, even in episodic,
rare consumption in relatively small doses, has a long-term
(1-4 weeks) negative impact on the cognitive functions of
young healthy person [5,8]. This is manifested primarily
in a reduction of the concentration of attention, and the
effectiveness of thinking and memory [Table 2], as well as
impaired performance and the rapid development of fatigue
[Tables 4 and 5]. Thus, these findings indicate the decline in
the effectiveness of learning activities of students, who consume
alcoholic beverages [5], and the inability to fully engage in
prolonged mental work (due to reduced attention concentration
and rapidly development of fatigue) (even after a long period
following alcohol use: 7-28 days). All these are required for
successful learning not only medical school, but also, generally
in higher education.

Correlation tests were carried out with Pearson correlation
cocfficient to determine the association between objective
(number of errors) and subjective (WAM-§) measures of fatigue
and mental performance. The correlation results between the
number errors and WAM-8 scores confirm the appropriateness
of the use of the shortened test “WAM-§8” for the assessment
of the functional state, fatigue, and human performance (for
students, not just for pilots).

Results of this study could be useful in explaining some of the
contradictions existing in the study of the action of glucose on
the processes of fatigue and restoration of performance and state
of psychophysiological functions in humans [22,23,26,27]. It is
possible that for abstainers and alcohol users, following 1 month
or more, after drinking, administration of glucose during fatigue
is associated with improved performance and functional state
[Tables 2 and 3] [5]. Contradiction on the association between
glucose and brain functions, as well as fatigue has been reported
previously in the literature [26,27].
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Limitations

Only males were considered for this study, which limits
generalization of the results of this study. This limitation was
justified by the complex hormonal analysis needed before
inclusion of the opposite gender (females) in the study. Gender
differences in hormonal influences on glucose metabolism,
and cven mental performance are well known. For females,
a thorough analysis of the menstrual cycle would have been
conducted before involving them in the study, whereas, for the
males, no such analysis was needed. Therefore, further rescarch
would be conducted to analyze the differences in fatigue and
mental performance in female students with different attitudes
to alcohol use, putting into consideration the phases of the
menstrual cycle.

CONCLUSIONS

1. The concentration of active attention in abstainers was high,
whereas in the majority of the alcohol users, it was reduced
throughout the study

2. 2 h of rest following administration of 75 g glucose was
sufficient for all the abstainers to fully restore their
efficiency and functional state. In 52.6% of alcohol users,
it was identified that 2 h rest and 75 g of glucose were
inadequate for full recovery of their functional state and
mental performance after fatigue caused by prolonged work
on fasting

3. Subjective (test scores “WAM” and “WAM-§8”) and
objective (number of errors in the test on attention and
all five tests) indicators of fatigue and mental performance
in alcohol users showed increased fatigue (in 57.9% cases).
Altogether, 38.9% of the alcohol users showed signs of
chronic fatigue

4. Fatigue and impaired performance in the alcohol users
indicate unsafe use of even low to moderate amounts of
alcohol by young students

5. The “WAM-8” test can be used for rapid diagnosis of the
functional state and prediction of performance and fatigue
in students.
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