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Abstract: - Comparative evaluation of the objective (error commission on attention and memory tests) and 
subjective (“WAM” and “WAM-8” tests) indicators of fatigue and mental performance at baseline, in dynamics 
of mental work, and after rest, suggest a high rate of fatigue development in low-to-moderate alcohol users 
(during the period of sobriety) compared to lifetime abstainers. In 52.6% of moderate alcohol users, a 2 hour 
period of rest following administration of 75 g of glucose was not sufficient for full recovery of their functional 
state and performance caused by prolonged mental work on fasting. In 38.9% of cases, the sober alcohol users 
had symptoms of chronic fatigue or exhaustion. Fatigue and impaired performance in sober alcohol users 
indicate unsafe use of even low-to-moderate quantities of alcohol by young students.  
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1 Introduction 
The problem of fatigue is one of the major problems 
of applied physiology, primarily labor and sports 
physiology, as well as in other fields such as 
ergonometrics [1, 2]. The term “fatigue” has about 
100 different definitions [1, 2]. According to the 
“Guidelines on terminology in physiology of labor”, 
fatigue refers to the process of a temporary 
reduction of functional capacity of an organism 

under the influence of intense or prolonged work, 
and is manifested in the deterioration of quantitative 
and qualitative performances, as well as dys-
coordination of physiological functions [3]. 
Notwithstanding, however, the most common 
definition of fatigue in the scientific literature is “the 
temporary reduction of efficiency caused by 
previous work” [1, 2]. 
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The problem of fatigue has immense practical 
importance, and is still causing a broad discussion 
on a range of issues and, above all, by its nature 
(causes and mechanisms of development); diagnosis 
of fatigue and performance evaluation; ways and 
means in combating fatigue and stimulating 
efficiency [1-3]. Fatigue can be caused by a number 
of factors, including physiological (health state, 
sleep, work, leisure); hygiene (microclimate), socio-
economic, aesthetic. However, among the factors 
that cause fatigue, much attention has not been 
given to the assessment and analysis of the duration 
of action (or aftereffect) of alcohol use on fatigue 
development, especially in low-to-moderate alcohol 
users even in the period of sobriety (abstinence). It 
is widely known that heavy alcohol users and 
alcoholics are more prone to fatigue development 
than their peers who are non-alcohol users [4, 5]. 
Data on the differences in fatigue development 
between non-alcohol users and non-heavy alcohol 
users (i.e. low or moderate alcohol users) in 
different periods of sobriety, particularly, in course 
of varying functional states, have not been reported. 
Fatigue is closely related with mental performance. 
Both fatigue and mental performance are parameters 
of higher brain functioning and are implicated in 
general intellectual abilities, effectiveness of 
everyday activities. Importantly, those systems 
involved in the development of fatigue and mental 
performance deterioration are those ones that are 
also involved in alcoholism [6]. 

The aim of this investigation was to conduct a 
comparative evaluation of mental performance and 
the course of fatigue development in respondents 
who are alcohol users, not currently classified as 
heavy users, and are not frequent consumer of 
alcoholic beverages, and people who are lifetime 
abstainers (non-alcohol users). 
 
 
2 Methods 
Respondents who were rated as non-heavy drinkers 
(based on the AUDIT criteria) in our previous study 
were approached and explained the study aim. Only 
those who voluntarily agreed were considered to 
participate in the study. The study was carried out 
through a written consent involving 19 non-heavy 
alcohol users and 8 lifetime abstainers – students of 
the Belarusian State Medical University, Minsk, 
Belarus. These students had successfully passed 
through the yearly medical check-ups and they had 
no known illness or apparent disorders in 
functioning. 

For the diagnosis of fatigue, three basic rules, 
which are recommended include: 1) selection of the 

indicators most appropriate for a given condition; 2) 
the use of not only one, but a set of indicators; 3) 
analysis of the dynamics of indicators based on their 
repeated registration at baseline and in the course of 
carrying out the activity [1, 2]. In view of these 
recommendations, we developed an appropriate 
research design for the study. 

All participants performed the same type of 
standardized mental work on fasting at the same 
time of day for 6.5 hours, and then they had a period 
of rest for 2 hours, and thereafter, performed short-
term mental work that lasted for about 30 minutes. 
The overall design of time expenditure is as follows. 
During the first ½ hour, the 1st blood sampling and 
determination of glucose together with the 1st 
determination of the indicators of fatigue and mental 
performance (FMP) were carried out. Then within 
the next 1½ hours, phase I, involving filling of 
questionnaires was performed. After which the 2nd 
blood sample with the determination of glycemia 
and 2nd indicators of FMP (½ hour) with phase II 
(1½ hours) were carried out. Immediately after this 
phase, the 3rd blood sample and determination of 
glucose with the 3rd test of indicators of FMP (½ 
hour) and phase III (1½ hours) were conducted. 
Then the 4th blood sample with the determination of 
glycemia and 4th test of indicators of FMP (½ hour) 
were conducted. Phase IV included a period of rest 
in conditions of glucose tolerance test with 5th, 6th, 
and 7th blood sampling for glucose determination. 
After the 7th determination of blood glucose, the 5th 
test of indicators of FMP (½ hour) was conducted. 
Thus, the study lasted for 6½ hours, plus 2 hour of 
rest and another ½ hour of short-term work, 
beginning from 8:00/9:00 and ended in 17:00/18:00 
in different sets of days, allowing for a more 
efficient monitoring of the participants and their 
adherence to instruction. From the outline described 
above, it is seen that blood glucose level was 
determined 7 times in all participants. The 1st 
measurement was performed immediately before 
work (initial) on fasting. In the dynamics of mental 
work, three repeated measurements were made, after 
2 hours (2nd measurement), 4 hours (3rd 
measurement) and 6 hours (4th measurement) from 
the beginning of work. After 30 minutes following 
the 4th glycemic measurement, glucose tolerance test 
was performed. During the glucose tolerance test, 
glycemic level was measured three times after 30 
minutes (5th measurement), 60 minutes (6th 
measurement) and 120 minutes (7th measurement) 
after receiving per os, 75 g of glucose dissolved in 
200 mL of water. Measurement was carried out with 
“Rightest GM100” system through painless 
puncturing of the skin of the fourth finger at the tip 
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(left hand) to obtain 1-3 ml of blood. The accuracy 
of the system is up to 0.1 mmol/l. 

Mental work of students is traditionally 
considered as the 5th kind (group, type) of mental 
work [2, 3] after operator’s (1), manager’s (2), 
creative people’s (3) and health worker’s (4). 
Mental work of students requires challenging basic 
mental functions such as attention (one of the 
cognitive functions most susceptible to fatigue), 
memory (mostly visual) and thinking [1, 2, 3]. That 
is why standardized tests were used to monitor the 
performance of major parameters of mental 
functioning (attention, memory, thinking) starting 
from the beginning of work to its completion. 

In accordance with the first rule of the diagnosis 
of fatigue, and also, putting into consideration the 
character of mental work, the study was conducted 
only at weekends (Saturdays). The study was 
modeled to resemble academic activities. Mental 
load of all students were completely identical and 
included two types of work – carrying out 
standardized tests to determine the psycho-
physiological and psychological indicators of FMP, 
as well as work with questionnaires and educational 
(medical) texts. 

Standardized tests to determine the FMP 
indicators (cognition, memory, thinking and 
attention) were represented by five types [7-9]. They 
included two-digit numbers for short-term visual 
memory (1) sequence of digits for short-term 
auditory memory (2), sequence of vowels for short-
term auditory memory (3), operant memory and 
thinking processes (4), as well as evaluation of 
attention function (5). Determination of FMP was 
conducted five times, immediately after each blood 
sampling at baseline (1st testing) and during mental 
work after 2 hours (2nd testing), 4 hours (3rd testing) 
and 6 hours (4th testing), and at 2 hours after rest, 
that is 8½ hours from the start of the study (5th 
testing).  

Diagnosis of fatigue should be considered not 
only by the reduction of the effectiveness of labor 
(as an objective criterion), but also by the change of 
mental and emotional state of the person (as a 
subjective criterion). As such, subjective criteria 
followed by measurement of objective indicators of 
FMP and psychophysiological functions (attention, 
memory and thinking) should immediately 
accompany every controlled measurement of 
subjective indicators of well-being, activity and 
mood (tests “WAM” and “WAM-8” [10, 11]), 
neuro-psychological adaptation [12], state and trait 
anxiety [13, 14].  

Thus, in course of the dynamics of mental work, 
8 objective and 6 subjective indicators were 

constantly recorded in the students. This 
corresponded to the 2nd rule of diagnosis of fatigue – 
complexity of the resulting amount of evidence at 
the psycho-physiological, psycho-emotional and 
biochemical levels. 

Dynamic monitoring of the 14 indicators 
specified was in line with the 3rd rule of diagnosis of 
fatigue and allowed for an objective assessment of 
FMP in the participants during prolonged mental 
work and after rest. 

Mental work done by the participants included 
the filling of questionnaires and analysis of 
educational texts. At the 1st phase, participants filled 
in a number of questionnaires for a period of 1½ 
hours: “General” and built in “Sincerity”, 
“Academic buoyancy”; including tests “AUDIT, 
CAGE, MAST and PAS” for the identification of 
problems related to alcohol use [15-18]. At the 2nd 
phase, also within 1½ hours (from 2½ to 4 hours), 
they worked with the educational text “Physiology 
and morphology of bone” and then performed a 
control test exercise containing 43 questions. At the 
3rd phase, also within 1½ hours (from 4½ to 6 
hours), the participants worked with the educational 
text “Physiology of the autonomic nervous system”, 
and then performed another control test exercise 
containing 46 questions. At the 4th phase, they took 
a 2 hour rest in a condition of glucose-tolerance test. 

Statistical analysis was performed using the 
SPSS, version 16.0 for Windows; parametric and 
nonparametric methods. The level of significance 
was set at p <0.05.  
 
 
3 Results and Discussion 
Effective execution of long-term mental work is an 
essential and necessary condition for the successful 
assimilation of large volume of new information, 
which is in turn important in obtaining higher 
(including medical) education. The rapid 
development of fatigue and low efficiency of mental 
work are considered as important factors limiting 
success in the learning process by increasing the 
likelihood of obtaining unsatisfactory grades in 
examinations. 

Among the objective criteria of fatigue, 
Rosenblatt (1983) recommends the use of quality 
indicators of reduced performance “... in the 
performance of specific control tasks of different 
nature”. The leading factor of the quality of 
performance is the number of errors made during 
standardized tasks and, above all, tests on attention 
function. Attention is one of the most engaged 
mental functions for learning and at the same time 
one of the most fatigable [3]. Fatigue as an 
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important indicator of the dynamics of the total 
number of errors in the standardized tests (involving 
tests for analysis of short-term visual and auditory 
memory, thinking and attention), remains a useful 
measure of the progress of ongoing work. Among 
the subjective criteria of human fatigue, the most 
feasible is the number and dynamics of points 
obtained on the scale of “Well-being”, “Activity”, 
and “Mood” in the test “WAM” (for students and 
athletes [10, 18]) and the scale of test “WAM-8”, 
designed for pilots [11]) in course of work 
performance. 

 

 
Analysis of the results of the study showed that 

both objective and subjective measures of fatigue 
were higher in alcohol user compared to their 
lifetime abstaining counterparts at all phases of the 
study [Tables 1 and 2]. 

Concentration of attention in 79% of cases 
among alcohol users was reduced already at 
baseline. Analogical parameter in lifetime abstainers 
was 6.32 times better compared to the alcohol users. 
This fact clearly shows that even a good night's rest 
after five days of brainwork (schoolwork from 
Monday to Friday), most students-alcohol users 
could not sufficiently recover their functional states. 
They committed on average 5.42 times more errors 
(Table 1) and had a 6.32-fold (P <0.002; Pearson χ2 
= 10.296; df = 1) greater risk of reduced attention 
concentration compared with lifetime abstainers. 
And this is true not only for males, but also for 
females which was established in a previous study 
involving a larger sample of participants in which 
only a single test on attention function was 
performed [18]. 

Analysis of the dynamics of the number of errors 
on attention test and the total number of errors in all 
tests (five tests) (Table 1) showed a significant 
increase in error commission rate (15.8 - 115.8%) in 
all alcohol users during work, after 2 hours from the 
beginning of the study. This indicates the presence 
of fatigue as well as its increase during mental work 
among this group of students. Increased number of 
erroneous actions remained among alcohol users 
after 2 hours of rest, indicating the apparent failure 
of recovery process for students who use alcohol. 

The presence of fatigue at the beginning of work 
and inadequacy of the night’s rest among alcohol 

users were confirmed by the test result of subjective 
self-assessment on the “WAM” and “WAM-8” 
(Table 2). So, their average score on the subscale of 
“Activity” was 1.17-fold lower than the same 
average score on the subscale of “Mood” (Table 2), 
which, according to [10], is a subjective symptom of 
fatigue state. In the dynamics of mental 
performance, difference between the scores of the 
two subscales on the “WAM” test in alcohol users 
increased to 1.38 and 1.45 at 4 and 6 hours of 
mental work, respectively (Table 2). After 2 hours 
of rest, this difference was reduced to 1.02 (p <0.05; 
t-test = 2.118; df = 17) points, but remained 
statistically significant for establishing the fact 
about the conservation of fatigue among the alcohol 
users. 

Dynamic observation of the parameters “Well-
being”, “Activity” and “Mood” of alcohol users 
revealed their significant reduction during mental 
work after 2 hours of its onset (Table 1). As a result, 
all alcohol users had on the “WAM” test, one or 
more points lower than the lifetime abstainers 
(Table 2). However, even the lifetime abstainers 
showed a tendency of decrease in all three indicators 

TABLE 1. Number of errors at baseline and its dynamics in relation to the initial value during mental work (M 
± m) in the lifetime abstainers and alcohol users 

Time of testing Number of errors and its dynamics on 
attention test 

Number of errors and its dynamics on all 
tests (memory, thinking, attention) 

Lifetime abstainers Alcohol users Lifetime abstainers Alcohol users 
Initial  2.8 ± 0.8 15.2 ± 3.5  14.1 ± 1.3 28.4 ± 3.9  

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 **  
After 2 h of rest – 0.3 ± 0.9 + 13.2 ± 6.9 – 1.0 ± 1.5 + 7.4 ± 2.8 *  

Notes: Lifetime abstainers scored zero on the AUDIT test; alcohol users had an average of 5 points on the 
AUDIT test, and their duration of sobriety (or abstinence) ranged from 1 to 4 weeks before the study. * - 
Significant differences (*p < 0.05; **p <0.01) compared with values of students in its own group at  
- significance of differences p p <0.01) compared with similar data of lifetime abstainers at the 
same phase of testing. Values were calculated by Student's test. 
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on the “WAM” test (Tables 2 and 3) after 6 hours 
from the start of the study. This can be explained by 
the development of fatigue in some of the 
respondents, caused by the execution of prolonged 
and fairly difficult mental work on fasting during 
the catabolic phase of metabolism. 

The tendency in the reduction of scores on all 
subscales of the “WAM” test at the end of mental 
work (after 6 hours from the beginning) among the 
lifetime abstainers following 2 hours of rest, 
changed to the opposite direction, which led to the 
complete normalization of the parameters of the 
“Well-being”, “Activity”, and “Mood” (Table 2). 
Thus, 2 hours of rest for the lifetime abstainers 
(following ingestion of 75 g of glucose) was enough 
for a full recovery of all three test indicators on 
“WAM”. The obtained results on the recovery of the 
functional state in lifetime abstainers was confirmed 
by complete recovery of the speed of simple 
arithmetic processing, which was up to 100% 
efficiency [18], while maintaining a high 
concentration in the attention test (Table 1). These 
results confirm the data reported elsewhere [20, 21], 
indicating that glucose has a positive effect on 
cognitive function (concentration and stability of 
attention, thinking capacity), and thus, its increase in 
blood should be evaluated as a positive phenomenon 
during the period of mental work [22]. 

 

 
 

Alcohol users following 2 hours of rest (Table 2) 
could not recover from any of the parameters on the 
“WAM” test and the values of the parameters 
remained reduced by 1.03 - 1.43 points in relation to 

that of the lifetime abstainers, and on the subscale 
“Well-being” and in relation to baseline, it was 
reduced by 0.92 points. This can be seen as an 
evidence of the subjective feelings of fatigue in the 
alcohol users and the failure to recover from a 2-
hour period of rest. This assumption is confirmed by 
the analysis of the performance test “WAM-8” 
(Table 3), developed for the subjective, rapid 
diagnosis of the functional state of pilots before 
flying, between flights, and after completion of 
flight [11]. 

An average test score on “WAM-8” equal to 4.0 
or lower indicates a poor functional state of the pilot 
(or participant), which leads to timely suspension of 
the pilot from flying until full recovery of functional 
state. Given the data in Table 2, the average score 
on the “WAM-8” test of alcohol users after 6 hours 
of mental work approached the critical value and 
was 4.04 ± 0.39 points. In this circumstance, 
functional state of 7 students of the alcohol users 
was rated poor (Table 3), and one of them even 
refused to continue the work at the end of phase II 
(before the 3rd test). 

During the study, number of alcohol users who 
had their test score on the WAM-8 reduced to 4 or 
less, increased steadily after 2 hours of mental work 
– 3 participants, after 4 hours – 5 participants, and 
after 6 hours – 7 participants (Table 3). The 
decrease in the average test score on “WAM-8” in 

these seven alcohol users ranged from 3.0 to 5.1 
points, which is considered as chronic fatigue and 
even exhaustion. The inability of three participant-
alcohol users to continue the study on the 3rd phase 
of the study was indicative of this exhaustion. Thus, 

TABLE 2. Self-assessment of the functional state on the test “WAM-8” and on the three subscales “WAM” (M 
± m) by lifetime abstainers and alcohol users, at initial, in course of mental work, and after rest  

Time of testing WAM-8 Subscale “Well-being” 
Lifetime abstainers Alcohol users Lifetime abstainers Alcohol users 

Initial   6.06 ± 0.23 5.67 ± 0.16 6.08 ± 0.25 5.87 ± 0.13 
After 2 h of work 6.04 ± 0.25 4.86 ± 0.34  6.06 ± 0.22 5.18 ± 0.31 
After 4 h of work 5.55 ± 0.37 4.25 ± 0.38*  5.76 ± 0.40 4.61 ± 0.39* 
After 6 h of work 5.46 ± 0.44 4.04 ± 0.39*  5.56 ± 0.42 4.56 ± 0.38* 
After 2 h of rest 6.06 ± 0.17 4.54 ± 0.35*  5.98 ± 0.24 4.95 ± 0.35*  
Time of testing  Subscale “Activity” Subscale “Mood” 

Lifetime abstainers Alcohol users Lifetime abstainers Alcohol users 
Initial   5.55 ± 0.28 4.92 ± 0.
2 6.35 ± 0.19 6.09 ± 0.17 

After 2 h of wo
k 5.41 ± 0.33 4.15 ± 0.29*  6.46 ± 0.09 5.30 ± 0.37  
After 4 h of work 5.40 ± 0.35 3.74 ± 0.31*  6.11 ± 0.17 5.12 ± 0.41* 
After 6 h of work 5.18 ± 0.50 3.59 ± 0.31*  6.30 ± 0.16 5.04 ± 0.41*  
After 2 h of rest 5.69 ± 0.26 4.26 ± 0.31  6.60 ± 0.05 5.28 ± 0.35  

Note: designations are same as in Table 1. 
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38.9% (p <0.001) of the alcohol users showed signs 
of chronic fatigue or exhaustion. 
 

 
 

It should be noted that for 4 alcohol users, intake 
of 75 g of glucose and 2 hours of rest were clearly 
inadequate to restore their functional state (the test 
result of “WAM-8” remained less than 4 points). 
These facts show the limitations of the positive 
action of glucose on FMP of alcohol users. The 
mechanism of this occurrence may be related to a 

decrease in gene expression of GLUT1 and decrease 
in glucose uptake in brain cells (which was 
established for neurons and astrocytes in animal 

models even after a single dose of ethanol [23]). The 
limitations of the positive action of glucose on 
correction of fatigue in alcohol users must be 
considered in operator (mental) performance and 
may, even in certain cases, restrict alcohol users 
from manning or controlling transportation devices 
(drivers, pilots, machinists, managers and other 
professionally relevant services) for two weeks 
following consumption of alcoholic beverages. 

TABLE 3. Self-evaluation of the functional state on the test “WAM-8” by the lifetime abstainers (group 1) and 
alcohol users (group 2), at baseline, during mental work, and after rest 

Number and time of testing Group  Количество студентов, оценивающих своё ФС 
ак 
excellent good satisfactory not satisfactory 

WAM-8>6.0  WAM-8=5.0–6.0  WAM-8=4.1–4.9  WAM-8≤4.0 
1st, initial № 1, n=8 4 4 0 0 

 № 2, n=19 6 10 3 0 
 – differences between groups χ2 = 1.786; Р>0.05 (3 degrees of freedom) 

2nd, after 2 h of work № 1, n=8 5 2 1 0 
* -  in relation to the initial value in its own 

group 
χ2 = 1.778; Р>0.05 (2 degrees of freedom) 

 № 2, n=19 3 9 4 3 
* -  in relation to the initial value in its own 

group 
χ2 = 0.767; Р>0.05 (3 degrees of freedom) 

 - differences between groups χ2 = 6.322; Р>0.05 (for 3 degrees of freedom) 
3rd, after 4 h of work № 1, n=8 3 2 3 0 

* -  in relation to the initial value in its own 
group 

χ2 = 3.810; Р>0.05 (2 degrees of freedom) 

 №2, n=18+1 3 * 2 
 9 * 4 + 1 * 
* -  in relation to the initial value in its own 

group 
* χ2 = 14.333; Р<0.005 (3 degrees of freedom) * 

 - differences between groups χ2 = 5.964; Р>0.05 (3 degrees of freedom) 
4th, after 6 h of work № 1, n=8 3 1 3 1 

* -  in relation to the initial value in its own 
group 

 χ2 = 5.943; Р>0.05 (3 degrees of freedom)  

 №2, n=18+1 1 *  5 *  6 *  6 + 1 *  
* -  in relation to the initial value in its own 

group 
* χ2 = 13.238; Р<0.005 (for 3 degrees of freedom) * 

 - differences between groups  χ2 = 9.375; Р<0.025 (3 degrees of freedom)  
5th, after 2 h of rest № 1, n=8 5 3 0 0 

 №2, n=18+1 2  7  6  3 + 1  
  - differences between groups  χ2 = 8.964; Р<0.025 (3 degrees of freedom)  

Number/order of testing and time of 
conduction 

Number (proportion, %) of student 
without fatigue,WAM-8 ±0.9 

Number (proportion, %) of student  
with  fatigue, ↓WAM-8≥1 

group № 1 group № 2 group № 1 group № 2 
2nd, after 2 h of work (M ± m)  8 (100) 13(68.4±10.7)*  0 (0 ) 6 (31.6±10.7)*  
3rd, after 4 h of work (M ± m)  6 (75.0±15.3) 8 (42.1±11.3)* 2 (25.0±15.3) 11 (57.9±11.3)* 
4th, after 6 h of work (M±m) 6 (75.0±15.3) 8 (42.1±11.3)* 2 (25.0±15.3) 11 (57.9±11.3)* 
5th, after 2 h of rest (M±m) 8 (100) 9 (47.4±11.5)*  0 (0) 10 (52.6±11.5)*  

Notes: Reduction in the number of alcohol users during the third testing was due to the fact that one participant declined 
from continuing the study on the phase II. The significance of differences was calculated taking into account the Student t-
test: * - significant differences (p <0.05) compared with those of students in its own group at the first testing (  - 
significant difference (p <0.05) compared with similar data of lifetime abstainers (group 1) at the same phase of testing. 
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Functional state of lifetime abstainers in the 
same conditions was much better. The mean score 
on “WAM-8” in the lifetime abstainers in course of 
mental work only had a tendency towards decrease 
and was 1.18 - 1.42 points higher at all phases of 
mental work compared to the alcohol users (Table 
2). The stable score on the scale state anxiety (30-33 
points) and trait anxiety (33-30 points) was 
indicative of the good functional state of the lifetime 
abstainers during mental work. At the same, alcohol 
users under stable self-estimation of their trait 
anxiety (34 - 38 points) showed an increase in state 
anxiety from 35 to 41-43 points during mental work 
(and became significantly higher than that of 
lifetime abstainers) and return to the initial value (37 
points) after glucose administration and 2 hours of 
rest. 

However, even among the lifetime abstainers, 
prolonged mental work (6 hours) in 4 students 
caused a decrease in well-being (Table 3), and 
reduced the rate of self-evaluation down to 
“satisfactory” level (in 3 participants) and to “poor” 
(in 1 participant). Two-hour period of rest in 
lifetime abstainers was sufficient to fully restore 
their functional state (Table 3) and eliminate 
psychological signs of fatigue. In this case, the 
absolute number and proportion of lifetime 
abstainers in excellent functional state was 
significantly higher, whereas those that were in 
satisfactory and unsatisfactory states were 
significantly lower than the alcohol users (Table 3). 
All lifetime abstainers (100%) after rest had no 
subjective symptoms of fatigue and their functional 
state was evaluated as excellent or good (Table 3). 

Among the alcohol users, only 9 participants 
(47.4%), after 2 hours of rest were able to rate their 
functional state in similar fashion as the lifetime 
abstainers. In 52.6% of cases, alcohol users were 
unable to fully recover after the 2 hour period of 
rest. Therefore, the subjective assessment of the 
functional state by the lifetime abstainers after 2 
hours of rest (Table 3) was significantly better than 
that of their colleagues-alcohol users. 

The results of this study are important in 
explaining some of the contradictions in the 
literature concerning the action of glucose on 
fatigue and recovery of psycho-physiological 
functions in humans. Some researchers have pointed 
that there is association between these parameters 
[17, 18], whereas others [21, 22] did not find any 
relationship. Probably, in combined sample of 
abstainers and alcohol users (as well as their 
prevalence in the group of participants), following 
one or more months after alcohol use, 
administration of glucose on the background of 

fatigue is associated with improved mental 
performance and functional state (Tables 2 and 3). 
Conducting the study among the group of alcohol 
users alone could not have identified any 
relationship between intake of glucose and full 
recovery of functional state (Tables 2 and 3) and 
mental performance of fatigued humans [21, 22]. 
The analysis of correlation between objective and 
subjective measures of fatigue, shown in Table 4, 
revealed no significant relationship on the 1st 
testing, on the morning after a full night's rest. 
During mental work, the relationship appeared after 
4-6 hours for the absolute values of the indicators 
(Table 4). The strength of the relationship was 
medium and negative, i.e., the better the functional 
state of the participants, the lesser they are likely to 
commit errors. This significant negative correlation 
of medium strength was maintained between the 
pairs of indicators in the participants after 2 hours of 
rest (Table 4), which probably reflects the lack of 2 
hour period of rest for majority of alcohol users 
(Table 3). 

Significant negative average 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 testing: during 
mental work (at 2nd, 3rd, and 4th testing) and after the 
2 hour period of rest (Table 4). Mutual relationship 
between the subjective (functional state on “WAM-
8”) and objective (number of errors) signs of fatigue 
grew from 14.7% to 57.3%, respectively (Table 4) 
and persisted after 2 hours of rest in condition of 
administration of 75g glucose. This indicates 
inadequacy of 2 hours rest required to restore 
functionality in most fatigued participants of the 
group of alcohol users, since, after the full night's 
rest, this relationship (between the score on ‘WAM-
8” and the number of errors) was absent (Table 4). 

Furthermore, these findings support the 
feasibility of using the short test “WAM-8” to assess 
the functional state of fatigue and human 
performance (in students, and not just pilots) during 
mental activity. 

These facts strongly suggest that alcohol, even 
when it is used occasionally, in relatively low-
moderate doses has a long-term (1 - 4 weeks) 
negative impact on cognitive functions. This is 
manifested primarily in reduced concentration (for 
some people, already at baseline and on the whole 
duration of the study), and the reduced effectiveness 
of thinking and memory (Table 1), as well as the 
inability to maintain an adequate level of long-term 
performance and the rapid development of fatigue 
(Table 3). Thus, these findings explain the decline in 
the effectiveness of learning activities of students 
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who consume alcoholic beverages [18], their 
inability to fully engage in prolonged mental work 
(due to reduced concentration and fatigue sets in 
more quickly) even following a long duration of 
sobriety (7 - 28 days), which is also required to 
succeed at the university. 

 

 
 
4 Conclusion 
The concentration of active attention in abstainers 
was high, whereas the majority of alcohol users had 
reduced attention concentration throughout the 
study. Two hours of rest following administration of 
75 g of 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 
hours of rest and administration of 75 g of glucose 
were inadequate for full recovery of their functional 
state and mental performance after fatigue caused 
by prolonged work on fasting. 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 alcohol users showed 
signs of chronic fatigue. Fatigue and impaired 
performance in the alcohol users indicate unsafe use 
of even low to moderate amounts of alcohol by 

young students. 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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