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ABSTRACT: Excessive alcohol consumption is associated with health, social and school problems. As for moderate drinking,
opinions differ depending on authors. Taking account of the way young people drink alcohol and their particular sensibilities
to alcoholism at neuroanatomical level, we are led to wonder about the impact of moderate alcohol consumption on their
cognitive abilities. The aim of this study was to evaluate the effects of moderate alcohol consumption on memory capacity,
and more specifically on explicit learning capacity using the California Verbal Learning Test (CVLT) that is to say a memory test
for young people. To do this, 56 young people were selected and divided into four groups including one control group (with a
blood alcohol content of 0.0 g/l) and three experimental groups (with blood alcohol contents of 0.2, 0.5 and 0.8 g/I). Each group
comprised two sub-groups (occasional and regular drinkers). Participants were subjected to a neuropsychological test, namely
learning words from list A of the CVLT. The results of this study showed that alcohol consumption, even in moderate doses,
significantly perturb immediate memory, thereby significantly reducing the ability to learn words for occasional drinkers (OD),
especially when the blood alcohol content is 0.8 g/I. It also appears that regular drinkers (RD) are better able to tolerate the
acute effects of alcohol, when blood alcohol contents are above 0.5 g/l. Schoolchildren are therefore advised to avoid drinking
even at moderate dose in the school environment.
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1 INTRODUCTION

The ability to learn is essential to adapt and to blossom in this constantly changing world. This cognitive ability (learning
process) is essential for students in academic institutions. However, behaviours such as excessive consumption can damage
the structure and functioning of brain, leading to death, health trouble and social problems [1], [2], as well as having an impact
on young people’s academic results. This type of consumption is linked to bad marks in class [3], [4] or even school
abandonment [5]. It also causes profound structural damage, such as the reduction of frontal cortical areas and the cerebellum,
which are important structures for learning [6], [7]. The toxic effects of alcohol on the brain have been demonstrated by
medical imaging and a reduction in grey matter has been observed in alcohol-dependent individuals [8]. The more alcohol
consumption begins early, the greater is grey matter alteration [9]. The problems caused by alcohol consumption on school
performance are far from being resolved, especially as, according to [10], pupils drink alcohol in pub that are dangerously close
to schools, in a climate of general indifference.

Even if there is a consensus on the harmful consequences of excessive alcohol consumption by young people, there is no
consensus on the effects of moderate alcohol consumption, and there are contradictions between authors. Research has
shown that a blood alcohol content of 0.5 g/I (corresponding to the consumption of two standard glasses of alcohol) is sufficient
to impair performance on cognitive tasks [11]. In contrast, [12] and [13] concluded that moderate alcohol consumption had a
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beneficial effect on cognitive performance such as problem solving with young people. Very little research has been carried
out on this issue in Africa, and particularly in Cote d’Ivoire. However, taking into account of particular neuroanatomical
sensibility of young drinkers [14] and the large number of regular drinkers among students, estimated at 20.04% according to
[15] in the city of Abidjan (Céte d’lvoire), one might naturally wonder what consequences moderate alcohol consumption (BAC
< 0.8 g/l) might have on young people’s ability to learn. The aim of this study is therefore to provide some answers about the
impact of moderate drinking, corresponding to the ingestion of one to three standard glasses of alcohol, on explicit cognitive
learning, using the California Verbal Learning Test (CVLT) memory test in these schoolchildren.

2 MATERIALS AND METHODS
2.1  PARTICIPANTS

For this study, 56 participants were recruited using a non-random sampling method (convenience sampling) and divided
into four groups including a control group (T) and three experimental groups (E1, E2 and E3). Participants in groups E1 (n = 15),
E2 (n = 14) and E3 (n = 13) drink quantities of alcohol solution in order to obtain approximate blood alcohol content (BAC) of
0.2 g/l, 0.5 g/l and 0.8 g/l respectively. Participants in the T control group (n=14) did not drink any alcohol in this study (BAC of
0.0 g/1). Each group was made up of occasional drinkers (OD) and regular drinkers (RD). The OD were 8 in T control group, 9 in
group E1, 7 in group E2 and 6 in group E3. The RD were 6 in group T, 6 in group E1, 7 in group E2 and 7 in group E3. All the
participants (average age = 20.2 + 3.4 years; average mass = 62.1 + 6.3 kilograms) were males. All participants were in good
physical and mental health, to have drunk at least alcohol once, and to be able to read and write. People with hypersensitivity
to alcohol or with metabolic or cognitive disorders, were excluded.

2.2 TECHNICAL MATERIAL

The technical material consisted of pure ethanol (99.8%), distilled water, an aroma to improve the palatable taste of
solutions; a graduated test tube; a weighing scale; a laptop computer; a drinking glass and list A of CVLT (California Verbal
Learning Test).

23 PREPARATION AND ADMINISTRATION OF THE ALCOHOL SOLUTION

On the day of the test, participants have to be sober for at least 24 hours and without having eaten for at least eight hours
to allow rapid absorption of the alcohol [16], [17]. The test took place in a room isolated from all outside influences. The
informed consent of each participant, was obtained in advance. Following an interview, participants who reported drinking
five or more glasses of alcohol at least once a week were classified as regular drinkers and those who reported drinking three
to four glasses at least once a month were classified as irregular drinkers [18], [10]. The mass of each participant was then
determined using a weighing scale, in order to determine the quantity of drink to be ingested. The alcoholic solution absorbed
by the participants had an ethanol concentration of 40%. It was prepared by diluting ethyl alcohol (99.8%) with distilled water
using the following formula:

CixVi=Cf xVf
Ci = initial alcohol concentration
Vi = initial alcohol volume
Cf = final alcohol concentration
Vf = final volume of alcohol

From the alcoholic solution, the mass of the participants and the desired BAC, which depends on the group assigned, the
volume of drink to be absorbed by the participant is determined according to Widmark’s formula [19]:

VxPx0.8
T OKxM

Hence :
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_TXKxXM
T Px08

T = approximate blood alcohol content value

V = volume of alcohol consumed by the individual in ml

M = mass of the individual in kg

K = diffusion coefficient (K = 0.7 for men and k = 0.6 for women)

P = percentage of alcohol (40%)
2.4 =DENSITY OF ETHANOL.

Participants were given five minutes to drink the experimental alcohol solution. The tests were carried out 15 minutes after
drinking alcohol.

25 EVALUATION OF EXPLICIT LEARNING ABILITY

The ability to learn words was assessed using the California Verbal Learning Test (CVLT). The CVLT is a memory test based
on the 15-word test model of Rey [20]. It is composed of two lists of 16 words (list A and list B) belonging to four distinct
semantic categories (in our case: spice, clothing, tool and fruit) and a recognition list of 40 words containing the 16 words from
list A. List A is the list to be learned, while list B is an interference list. The normal procedure is as follows:

- Five immediate free recalls (after reading all the words in list A);

- Animmediate free recalls from list B;

- One free recall from list A;

- Anindexed recall (the indexes are made up of the categories) from list A;
- Avretention interval of 15 or 20 minutes;

- Delayed free recall from the A list;

- Delayed indexed recall of the A list;

- Recognition of the words in list A among the words in the recognition list.

In the present study, only list A was used. The words in list A are: pincers, grape, jacket, pepper, orange, chili pepper, tie,
drill, ginger, mandarin, chisel, coat, mustard, grapefruit, hammer, waistcoat.

The study consisted of presenting the words from list A five times in succession, followed by their immediate recall after
each presentation. The words were presented at a rate of one per second. Participants were instructed to recall as many words
as possible, in any order. The participant also had to recall the words, even if they had already been recalled on the previous
trial. The data collected were the number of words from list A correctly recalled on each trial.

2.6 VARIABLES

The study variables were:

- The classification (or treatment) variables which are the groups (T; E1; E2; E3) and the drinker categories (OD; RD) and
- The dependent variable corresponding to the number of words correctly recalled on the five CVLT A-list trials.

2.7 STATISTICS

The data collected was first entered into a spreadsheet (created using Microsoft Excel 2016), then transferred and
processed using STATISTICA® 7.1 software. This was used to generate graphs and compare the average performance of the
different groups (T, E1, E2 and E3) using the Kruskal-Wallis Test (non-parametric test). To analyse performance between
categories (OD; RD), the Mann-Whitney U Test (non-parametric test) was used. The probability (p) of 0.05 is considered to be
the limit of significance. Thus, if ‘p’ is less than or equal to 0.05, the difference between the compared averages is significant.
However, if ‘p’ is higher than 0.05, then the difference between the compared average is not significant.
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3  RESULTS
3.1 COMPARISONS OF PERFORMANCE BETWEEN GROUPS

Analysis of performance (number of words correctly recalled on the five trials in list A) revealed significant differences
between groups (H (3,56) = 15, 14; p = 0.002) (Figure 1). In detail (multiple comparisons), the analysis reveals that the average
performance of individuals in group T (51.93 + 2.43) is significantly higher than that of individuals in group E3 (44.54 + 5.80) (p
= 0.030). Similarly, the average performance of participants in group E1 (52.73 + 7) was significantly higher than that of
participants in group E3 (44.54 + 5.80) (p = 0.015). This analysis also revealed that the average performance of individuals in
group E2 (54.43 * 6.67) was significantly higher than that of participants in group E3 (44.54 + 5.80) (p = 0.002). However,
participants in groups T, E1, and E2 performed almost identically (not significantly different) (p > 0.05).
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Fig. 1. Overall learning value according to each group

The average performance of participants in group E3 was lower than that of the other groups (p < 0.05).
The statistical meanings shown in the figures are coded as follows:
*:p<0.05; **:p<0.01

3.2  COMPARISONS OF PERFORMANCE BETWEEN GROUPS FOR OCCASIONAL DRINKER (OD)

Analysis of the performance of the occasional drinkers (OD) indicates that at least two groups differ significantly (H (3,30)
=14.83; p = 0.002) (Figure 2 A). Multiple comparisons revealed a highly significant difference between group T (52.13 + 1.13)
and group E3 (41.17 = 1.47) (p = 0.002). The analysis also revealed that the average performance of individuals in group E3
(41.17 £ 1.47) was significantly lower than that of individuals in group E1 (51.56 + 2.92) (p = 0.016). Similarly, the performance
of individuals in group E2 (52 + 5.00) was significantly better than that of individuals in group E3 (41.17 + 1.47) (p = 0.028). The
other inter-group comparisons did not give significant results (p > 0.05).

3.3  COMPARISONS OF PERFORMANCE BETWEEN GROUPS FOR REGULAR DRINKER (RD)

At the level of regular alcohol drinker (RD), analysis of overall performance showed no statistically significant differences
(H (3,26) = 6.33; p = 0.096) (Figure 2 B).
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Fig. 2. Overall learning value as a function of group for the OD and CR categories

The average performance of participants in group E3 was lower than that of the other three groups for OD. For RD, the performances of the
four groups are not statistically different.

The statistical meanings shown in the figures are reported as follows:

*: p <0.05; **: p <0.01

3.4 COMPARISONS OF PERFORMANCE BETWEEN CATEGORIES IN GROUPS T, E1, E2 AND E3
Table | shows the results of performance comparisons between occasional drinker (OD) and regular drinker (CR) in the
different experimental groups (T, E1, E2 and E3). The results show that there were no significant differences between the

categories for the different groups (p <0.05).

Table 1. Results of analyses between CO and CR for groups T, E1, E2 and E3

Means * Standard deviation

Groups P Significance
oD RD
T 52,13+1,13 51,67 +2,61 0.662 ns
E1l 51,56 + 2,92 54,67 + 8,03 0.388 ns
E2 52,00 + 5,00 56,86 + 7,86 0.128 ns
E3 41,17 £ 1,47 47,43 +7,85 0.073 ns

ns: not significant

There was no difference between the categories (OD and RD) for each of the groups (T, E1, E2 and E3). Moreover, the RD
participants performed better than the OD one, although these differences were not significant.

4 DISCUSSION

The aim of this study was to evaluate the effects of moderate blood alcohol content (BAC < 0.8 g/l) on learning ability in
young people, using the California Verbal Learning Test (CVLT). This blood alcohol content corresponds to consumption of one
or three standard glasses of alcohol. Young non-alcohol-dependent drinkers were selected and divided into four groups: a
control group (non-alcohol drinkers) and three experimental groups (BAC = 0.2 g/, 0.5g/l and 0.8g/1). To comply with the
recommendations of [21], the participants were all male. [22] have studied the vulnerability of women to alcohol, showing
that the hormonal changes caused by the menstrual cycle do not allow effective conclusions to be drawn in the case of inter-
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group comparisons. In addition, it is well known that women (girls) tolerate alcohol less well than boys, due to their water
deficit compared to men, since alcohol is miscible with water [23].

The results of this study show that moderate alcohol consumption significantly reduces the number of words learned by
these young people. In addition, the performance of control participants was significantly better than that of occasional
drinkers. These results are in accordance with those of [24], [25], who indicate that alcohol alters most brain functions.
Similarly, according to an analysis conducted by [26], alcohol consumption significantly affects working memory. The learning
difficulties caused by alcohol consumption can be explained by disruptions to the neuronal circuits involved in memory
processes. [27] indicate that alcohol reduces memory capacity (especially when blood alcohol content exceed 0.5 g/l),
particularly during explicit memory tasks. This performance drop, in the case of alcohol intoxication, is caused by a poor transfer
of information from short-term to long-term memory [28]. [10] reached a similar conclusion when he found a disturbance in
attentional and memory performance (with a blood alcohol level of 0.8 g/L) in occasional drinker of “Koutoukou”. “Koutoukou”
is a local alcoholic beverage with a high alcohol content, produced by distilling the fermented sap of the palm tree (Elaeis
guinéensis Jacq.). In addition to the ethanol common to all alcoholic beverages, it contains other alcohols such as methanol,
butanol and propanol [29]. According to [30], a blood alcohol content of 0.50 g/I doubles the probability of an accident. It has
been shown that, for such a dose of alcohol, a number of disorders capable of impairing the performance of cognitive tasks
were observed. In particular, reaction times were lengthened and the visual field narrowed, especially when pursuing targets
[31]. However, it is currently thought that the risks of accidents linked to alcohol consumption are mainly due to its disinhibiting
effect, which has the effect of modifying risk-taking behaviour [32].

The results also show that participants in group E3 (with a BAC of 0.8 g/I) have significantly lower performance than those
in the other groups (with BAC below 0.8 g/l). These results suggest that a blood alcohol content of 0.8 g/l constitutes a limit
which, once exceeded, causes significant impairment of cognitive performance. For some authors, this value represents the
threshold for acute alcohol intoxication [33], [34].

Another key fact of this study was observed. The performance of regular alcohol drinker (RD) did not appear to be impaired
at any BAC considered. Moreover, within each group, the performance of the RD was better than that of the OD and even the
control group, especially at BAC of 0.2 g/l and 0.5 g/I. However, this difference was not statistically significant and could be
explained by the phenomenon of tolerance induced by prolonged exposure to alcohol and resulting from reactive cerebral
homeostasis mechanisms [35], [36], [37]. Low-dose alcohol causes behavioural disinhibition [38] and reduces stress. This could
improve cognitive performance (such as planning). These results tend to confirm the hypothesis put forward by a number of
authors, including [39], [40], [41], that alcohol has beneficial effects on cognition.

It is also important to emphasise the variability of effects from one person to another, influenced by drinking habits [42].
[43] also assure that the effects of alcohol depend on the state of mind at the time. For someone who was already sad, angry
or stressed before drinking, having a little alcohol may initially make them feel better. But this effect may then be reversed,
and they may soon find themselves even sadder or angrier [44].

5 CONCLUSION

In this study, the aim was to assess the effect of moderate alcohol consumption (one to three standard glasses of alcohol)
on the learning ability of schoolchildren, using a memory test, the CVLT (California Verbal Learning Test). The results show that
moderate-dose alcohol consumption significantly disrupts immediate memory, reducing the ability to learn words among
occasional drinkers (OD), especially when the blood alcohol content is 0.8 g/l. It also appears that regular drinkers (RD) are
better able to tolerate the acute effects of alcohol, when BAC exceeds 0.5 g/I. For the time being, schoolchildren are advised
to avoid drinking even moderate amounts of alcohol at school.
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