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Abstract

Our aim was to evaluate whether or not alcohol consumption in the form of binge drinking
is associated with alterations of memory and executive functions in a population of univer-
sity students. At the same time, we have studied the role of potential modulating factors,
such as the APOE genotype or physical exercise.University students enrolled in academic
year 2013—-2014 at Escuelas Universitarias Gimbernat-Cantabria, affiliated with the Uni-
versity of Cantabria, were invited to participate in the study. We gathered sociodemo-
graphic data and details regarding the lifestyle of 206 students (mean age 19.55 + 2.39;
67.5% women). We evaluated memory and executive functions via a series of validated
cognitive tests. Participants were classified as binge drinkers (BD) and non-BD. Using Stu-
dent’s t-distribution we studied the association between cognitive tests and BD patterns.
Multivariate analyses were carried out via multiple linear regression. 47.6% of the students
were found to be BD. The BD differed significantly from the non-BD in their results in the
executive functions test TMT B (43.41 £ 13.30 vs 37.40 £ 9.77; p = 0.0003). Adjusting by
age, sex, academic records, age at which they started consuming alcohol, cannabis con-
sumption, level of physical activity and other possible modifying variables, the association
was statistically significant (p = 0.009). We noticed a statistically significant inverse corre-
lation (Pearson’s r? = -0.192; p = 0.007) between TMT B and starting age of alcohol con-
sumption. Differences were observed in another executive functions test, TMT A, but only
in the group of women (19.7316.1 BD vs 17.78+5.4 non-BD p = 0.05). In spite of the young
age of our participants, BD was associated with a lower performance in the executive func-
tions test (TMT B). These deficits were related to the age at which they started drinking
alcohol, suggesting an accumulative effect.
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Background

Among young people in the west there is an alcohol consumption pattern that is characterised
by large amounts being drunk in short periods of time following periods of abstinence. This is
known as "binge drinking" (BD). [1] Globally, BD is highly prevalent in the younger popula-
tion, involving up to 40% of university students, depending on the country. [2-4] A recent
study in Spain found that 37% of first-year university students consumed large amounts of
alcohol, and 12.2% were classified as BD. [5] Alcohol consumption in countries like Spain
starts very early, with more than fifty percent of teenagers between the ages of 14 and 18
acknowledging at least one BD session in the last month and a starting age for alcohol con-
sumption of 13.9 years of age. [6]

On the whole, in our society there is awareness of the consequences of chronic alcohol con-
sumption, but there is not such a clear perception of the risks posed by occasional consump-
tion. However, studies carried out on animals indicate that BD implies greater damage to the
central nervous system than regular consumption. Likewise, greater neuropsychological reper-
cussions have been described in BD, as compared to regular drinkers. [7]

Although alcohol consumption is legally prohibited for adolescents, there is a high level of
permissiveness in our social sphere, as shown by the early starting age. [6] Due to its immatu-
rity, during adolescence the brain is particularly sensitive to the effects of alcohol. Given the
high neuroplasticity of hippocampus, and that the prefrontal cortex is the area of the brain that
take the longest to develop, it is to be expected that these structures are especially vulnerable in
the younger population. [8,9] This is coherent with the fact that the cognitive and affective pat-
tern found in youths who binge drink is mainly related with alterations of memory and execu-
tive functions. Despite the extremely high prevalence and evidence of damage caused by binge
drinking on young people’s brains, its effects on cognitive functions at early ages have not
been studied systematically in larger populations until quite recently and its consequences in
the long term are broadly unknown. S1 Table includes a literature review of studies assessing
the effect of binge drinking on cognitive performance using neuropsychological tests in young
population. Even though many of these studies are underpowered, with only one reaching a
population sample over 100 individuals (Parada 2012), it has been observed that young people
who binge drink carry out neuropsychological tasks involving attention span and planning
less effectively [10,11] and are associated with a worse verbal declarative memory [12-14]
and working memory. [15] Likewise, several neuroimaging studies have found structural and
volumetric differences in the prefrontal cortex in young BDs compared to non-BDs. [16-18]
Moreover, there are genetic factors, such as the E4 allele of the APOE gene, which has been
demonstrated to potentially interact with alcohol consumption in individuals with cognitive
impairment. [19-22] However, this relationship has not been studied in young individuals
who binge drink. Nor have other potential modulators of the effect of BD been studied, such
as physical exercise, which has positively correlated with cognitive performance. [23]In our
project we plan to evaluate whether BD is associated with alterations of the memory and exec-
utive functions in a group of university students. Likewise, we intend to study the role of
potential modulating factors, such as the APOE genotype or physical exercise.

Patients and Methods

The study included all university students enrolled in academic year 2013-2014 at Escuelas
Universitarias Gimbernat-Cantabria, affiliated with the University of Cantabria. Exclusion cri-
teria were: a history of severe craneoencephalic trauma, neurological diseases, dyslexia, colour
blindness, difficulties with the Spanish language and subjects with sensory deficits.
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The study was reviewed and approved by our institutional review board (Comité Etico de
Investigacion de Cantabria) before the study began. All participants signed an informed con-
sent before entering the study. At study baseline all participants were over 18 years of age with
the exception of 8 individuals aged 17. They were all first year students that turned 18 during
the academic course, there were no additional participants under the age of 18 whose birthday
did not fall within the study period that lasted two years. In agreement with our review board,
the 8 minor participants signed the written informed consent document during the study
period once they turned 18 years. Once the informed consent was signed, an interview took
place divided into two individual sessions lasting 30 minutes. Firstly, participants filled out a
questionnaire regarding the consumption of alcohol and other drugs like cannabis, sociode-
mographic information and lifestyle habits via the international physical activity questionnaire
(IPAQ). [24] The alcohol consumption questionnaire was based on the BD criteria established
by the National Institute for Alcohol Abuse and Alcoholism, and included specific questions
about average alcohol unit intake and speed of consumption, allowing us to define the BD pat-
tern. [25]. They were then given a battery of tests, validated for the study of a young population
and aimed at assessing memory and executive functions. The assessors were given prior train-
ing in order to administer and evaluate correctly the cognitive tests in a standardised way. A
logical memory test was given (WMS-III) [26,27] together with the CERAD word list [28-30]
to study episodic verbal memory; the Rey-Osterrieth complex figure test (copy and recall) [31]
to test for constructional apraxia and differed visual memory; the digit span test WAIS-III
[26,27] to test working memory, attention span and concentration; the colour word test
(STROOP) [32] to check capacity to inhibit automatic response and the Trail Making Tests
(TMT) A and B [33] to evaluate visual-motor speed (part A) and attention and mental flexibil-
ity (part B). Blood samples were taken from all participants to extract DNA and for subsequent
genotyping of the polymorphism of the APOE*E4 via Tagman assays.

Statistical analysis

A univariate analysis was carried out using Student’s t-distribution to evaluate the effect of our
main variable (BD or non-BD) on the scores of the cognitive tests. To do this, BD were consid-
ered to be those who consumed 5 or more alcoholic drinks in the space of two hours (4 for
females) in an average month, following the BD criteria defined by the National Institute on
Alcohol Abuse and Alcoholism. [25] Likewise, the two main covariates were categorised: a)
APOE genotype, depending on whether or not they had the E4 allele; and b) physical activity
(at least moderate or sedentary) following the criteria described by the IPAQ. [24] Multivariate
analyses were carried out using multiple linear regression including, together with BD pattern,
possible modifying variables or confounders of the effect.

The statistical analysis of the data was carried out using SPSS 19.0 (Statistical Product and
Service Solutions IBM SPSS Statistics 19.0 2010).

Results

The final sample included 206 individuals, with a mean age of 19.55 + 2.39 years, of which
67.5% were women. Only 2 foreign students were excluded due to their lack of understanding
of the Spanish language. 96.6% of the students said that they had consumed alcohol at some
time, with an average starting age of 15.19 + 1.36 years. 53.6% stated that they had got drunk at
least once in the last month and 57.3% declared that they had had problems with memory loss
following excessive alcohol consumption. 47.6% of the students were found to be BD. Table 1
shows the most relevant sociodemographic characteristics and summarises the lifestyle habits
questionnaire as far as alcohol and cannabis consumption are concerned.
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Table 1. Sociodemographic characteristics.

Mean age * SD (years)
Percentage of women
Academic record mean £SD

Mean days per month that you consume 5 or more
alcoholic drinks *SD

Units of alcohol that you usually drink when you go out (%)

Mean age at onset of alcohol consumption £SD (years)
An episode of drunkenness in the last month (%)
“Black outs” after alcohol consumption (%)

Percentage of students that consume cannabis (>5 days
per month)

Mean age of onset of cannabis use *SD (years)
Insufficiently active vs minimally active

* There were two individuals with missing information

doi:10.1371/journal.pone.0166834.t001

Total (N = 206)*
19.5+2.4
67.5
6.3t1.4
2.0£2.1

3-4 (42.4)5-6 (13.6)7-9
(17.5)
15.241.4
53.6
57.3
25.7

16.4+2.6
70.0vs 30.0

BD (N = 98)

19.4+2.3
64.3
6.4+1.2
3.54+1.9

3-4 (23.5)5-6 (22.4)7-9

(31.6)
14.7¢1.2
100.0
78.6
40.70

16.8+1.7

73.5vs 26.5

Non-BD (N = 106)
19.7+2.4

69.8

6.3+1.4
0.6+1.2

3-4 (14.2)5-6 (5.7)7-9

(4.7)

15.7+1.3

15.1
37.7

10.60

15.4+4.2
67.9 vs 32.1

P-value
0.35
0.46
0.87

<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
<0.001

0.07
0.38

Table 2 shows the results of the neuropsychological tests in both BD and non-BD students.
We found statistically significant differences in the results of the TMT B test. Whereas the
students who binge drink took an average of 43.41 + 13.30 seconds to complete the test, stu-
dents who do not binge drink took 37.40 + 9.77 seconds (p = 0.0003) (Bonferroni corrected
p = 0.036). After adjustment according to age, sex, academic records, alcohol consumption
starting age, cannabis consumption, level of physical activity and other possible modifying
variables or confounders, such as the time of day, the researcher and the day of the week
upon which tests were carried out, the association between TMT B and students who binge
drink maintained its statistical significance (p = 0.009). The result of the TMT A tests was
18.88 + 5.76 seconds in the youths who binge drink and 17.67 + 5.51 seconds for those who do
not, not showing statistically significant differences (p = 0.13). However, after carrying out the

Table 2. Results of the neuropsychological tests in both binge drinking and non-binge drinking students.

BD(N = 98) mean +SD

Logical memory WAIS-IIl (LMW) immediate recall
LMW delayed recall

CERAD immediate recall

CERAD deferred words

CERAD recognition list

Rey figure copy

Rey figure delayed visual memory
Digits forward (raw score)

Digits backward (raw score)
Stroop test interference

Trail making test A

Trail making test B

BD binge drinkers

23.9616.18
26.14+6.24
25.70+2.47
9.10+1.05
19.94+0.28
35.81+0.88
23.9615.65
9.81+2.38
6.81+2.10
51.54+8.49
18.88+5.76
43.41+13.30

Non-BD(N = 106) mean *SD

23.55+6.23
26.57+6.71
25.40+£3.22
9.02+1.40
19.74+1.34
34.45+1.94
25.20+5.52
9.69+2.02
7.69+9.56
52.35+8.91
17.67+5.51
37.40+9.77

P-value

0.64
0.64
0.45
0.66
0.14
0.09
0.11
0.70
0.24
0.51
0.13
0.0003

P -value*

0.58
0.25
0.73
0.21
0.36
0.27
0.28
0.67
0.21
0.28
0.052
0.009

* P-values adjusted by: age, sex, academic record, day of week, time at which the test was performed, person carrying out the examination, physical

activity level, cannabis use, and age at which they started drinking.

doi:10.1371/journal.pone.0166834.1002
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Table 3. Effect of Binge Drinking on TMT A and B stratified by gender.

TMT Amean *SD p-value TMT Bmean *SD p-value
Men BD (N =35) 17.37+4.89 0.78 43.40+15.77 0.019
Non- BD (N = 32) 17.4145.73 36.03+8.34
Women BD (N =63) 19.7346.1 0.05 43.41+11.9 0.005
Non-BD (N =73) 17.78+5.4 38.00+£10.33

BD Binge Drinkers; TMT A Trail making test A; TMT B Trail Making Test B

doi:10.1371/journal.pone.0166834.t003

multivariate analysis, adjusting by the same variables as in the previous analysis, a significant
association was found between the BD consumption pattern and TMT A (p = 0.05). Significant
differences were not found for any other neuropsychological tests in relation with BD.

13.9% of the population studied were carriers of the APOE*E4. We did not find significant
differences in terms of memory or executive function performance of carriers and non-carri-
ers; although differences in Rey Figure copy reached nominal significance between the two
groups (p = 0.01), this was not mantained after Bonferroni correction (p = 0.12) (52 Table).
67.5% of the population was female; differences were not found in the neuropsychological tests
associated to gender. (S3 Table). Nor did the level of physical activity correlated with the test
results in our sample (54 Table). In a post hoc analysis we explored the effect of binge drinking
on TMT A and TMT B according to gender. In Table 3 we can see that whereas in TMT B the
extent of the effect is similar for both sexes, in TMT A we can observe that the differences only
affect the group of females. Finally, we studied the link between alcohol consumption starting
age and performance in these tests.

Fig 1 shows scatter diagrams demonstrating the results of TMT A and TMT B and alcohol
consumption starting age. We noticed a statistically significant inverse correlation (Pearson’s
1> = -0.192, p = 0.007; Spearman’s rho = -0.149, p = 0.035) between TMT B and starting age of
consumptiom; that is, the earlier the students started to drink alcohol, the longer they took to
do the tests, reflecting a lesser degree of cognitive flexibility.

Discussion

The main aim of this research was to evaluate the cognitive effects of binge drinking on univer-
sity students, above all on their executive functions and memory. In our analysis we observed
that the students who binge drink obtained worse results in the TMT B test, which is a task
that measures executive functions focusing on attention and mental flexibility. Students who
binge drink performed worse in the TMT B, carrying out the test on average six seconds slower
than those who do not binge drink. These results continued to be significant after adjusting
them according to the main co-variates and potential confounders. In the multivariate analy-
sis, the statistically significant association of the BD sample with another executive function
test such as TMT A, which specifically measures visual motor speed and attention, was also
observed. To gain a better understanding of this association we carried out a stratified analysis
according to gender which showed that the association with TMT A mainly affected the female
subgroup.

The effects of alcohol on executive functions are well documented; however, the majority of
studies were carried out on middle-aged subjects. [34-36] The data obtained in our analysis
are consistent with other authors who reported a repercussion of alcohol in young people and
adolescents on several tests that assess executive functions. [18, 37-42] In our univariate analy-
sis we found that TMT B was the only executive function test associated with the BD pattern
of alcohol consumption. We hypothesise that TMT B is the most sensitive test to capture the
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Fig 1. Correlation between TMT A and TMT B with age at onset of alcohol consumption.

doi:10.1371/journal.pone.0166834.9001

early effects of binge drinking in young students’ cognition. In a study carried out on 91 alco-
hol drinkers, with an average age of 19.4, it was observed that heavy alcohol consumption,
measured by the concentration on the breath, was associated with a poorer performance in
TMT B, and chronic consumption, estimated by the number of years drinking, was associated,
regardless of how heavy the consumption was, with a poorer performance in TMT A and
TMT B. The authors hypothesised that TMT B, which evaluates more complex and specific
tasks relating to executive functions, such as mental agility, would be more sensitive to the
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effects of alcohol, as opposed to TMT A, which evaluates more basic aspects, such as visual
motor coordination, which are not directly dependent on the dorsolateral prefrontal cortex.
[43] A similar pattern can be seen in our study, where the association with TMT A only
reaches the statistical significance in the female subgroup. These differences in function of
each gender may be explained by the theory that the female brain is more vulnerable to alcohol
than the male brain. [10,40-45] However, these results are controversial, and other studies
have not found any interaction between alcohol consumption and gender and cognitive per-
formance. [14,15,46] It has been argued that not taking into account factors that may lead to
confusion, such as when the alcohol consumption started, may be related to these discrepan-
cies. [37] Therefore, one advantage of our study is that a comprehensive multivariate analysis
has been carried out, allowing the adjustment of our main results by a multitude of co-vari-
ables and potential confounders. Moreover, our analysis, including 206 individuals with
neuropsychological assessment, is the largest sample of these characteristics that has been
reported to date. S1 Table summarises the publications that have evaluated the cognitive effects
of binge drinking in young people until now.

Based on the results obtained by our study and previous studies, we can interpret that binge
drinking in young people would have a predominant effect upon executive functions, particu-
larly cognitive flexibility, which is the most specific aspect captured by TMT B, compared to
the other executive function test that we used. [16,37] This function would be the most suscep-
tible to being affected by early alcohol consumption through binge drinking. The area of the
brain which most specifically correlates with mental flexibility is the dorsolateral prefrontal
cortex. Therefore, the changes in this area of the brain reported in previous MRI studies in
young people who binge drink are coherent with our results. [16,17,18] The preferential dam-
age to this area could be related to a greater sensitivity to the toxicity caused by alcohol, as
mentioned earlier. [8,9,47,48] Moreover, these data concur with the hypothesis that alcohol
would affect those areas that mature later on in human development, as the prefrontal cortex
is the last part of the brain to fully develop. [3,49,50]

Together with the association between binge drinking and the TMT B results, as well as
those of the TMT A to a lesser extent, the other main finding of our research is the strong
inverse correlation between alcohol consumption starting age and the time taken to carry out
the TMT B. These data suggest that the damage caused by heavy intermittent alcohol con-
sumption could have an accumulative effect at an early age; even during relatively short time
periods, as our population had only been consuming alcohol for 4.22 years on average.

A possible modulation factor of the effects of alcohol on cognitive functions is the
APOE*E4 allele. Our analysis does not prove the existence of an interaction between the
APOE genotype and binge drinking where its effect on cognition is concerned. Even if our
study is the first to pose this question regarding young people who binge drink, previous
publications have already shown the interaction between prolonged alcohol consumption
and the APOE genotype in subjects over 60 years of age. [21] Likewise, other authors have
observed that patients with Alzheimer’s carrying the APOE*E4, who also had a history of
heavy alcohol consumption, developed the disease years earlier than APOE*E4 carriers
who did not have a history of heavy alcohol consumption. [22] The lack of evidence of inter-
action in our study could initially be due to a limited statistical power for the analysis, as only
13.9% of the sample carried APOE*E4. On the other hand, the effect on the APOE*E4 cogni-
tive tests is controversial in young people and in certain studies it has been found that the
carriers of this allele, which is the main genetic risk factor for cognitive impairment, even
perform better than the non-carriers. [51] This phenomenon, known as antagonistic pleiot-
ropy, would complicate the interpretation of a possible interaction with the BD pattern. The
other modulation factor assessed in our study was physical exercise. This factor has been
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consistently associated with neuroprotection. [23] However, in our analysis we found no sig-
nificant effect on any cognitive domain (54 Table), nor a modulation of the effect of alcohol
on cognition. A limited statistical power to detect the effect of exercise should be considered
as a possible explanation, as in our population only 30% of students performed enough phys-
ical activity to qualify for minimally active.

Our study presents the weaknesses inherent to transversal designs as far as the interpreta-
tion of causal factors is concerned. We did not include history of psychopathological disorders
as part of our exclusion criteria, therefore, in theory we cannot rule out reverse causality; for
instance it can be hypothesised that certain personality traits, associated with specific cognitive
patterns, would favour heavier and earlier alcohol consumption. Large-scale longitudinal stud-
ies, such as the National Consortium on Alcohol and Neurodevelopment in Adolescence,
recently started in the USA, are necessary to be able to confirm this association reliably and
to evaluate the long-term consequences of alcohol consumption in adolescents and young
adults. [52]

In our study, we defined BD following the National Institute on Alcohol Abuse and Alco-
holism criteria (5 or more alcoholic drinks in the space of two hours (4 for females) in an aver-
age month), however other authors have proposed to adjust this cutoff based on differences in
alcohol unit definitions among countries. In particular, Parada and colleagues proposed for
Spain 6 drinks for males and 4 for females. [53] On this basis, our criteria might have been less
demanding for men than for women, which might be an alternative explanation for the gender
differences found in TMT A. A possible confounding factor in our analysis could be the con-
sumption of other drugs. Cannabis use was more frequent in our BD population, and it has
also been associated with cognitive alterations in young individuals. [54-56] In our study,
25.7% of students admitted consuming cannabis regularly, although this variable was not asso-
ciated with TMT A or B (p-values 0.57 and 0.46 respectively). Additionally, our multivariate
analysis was adjusted according to cannabis use. However, we cannot rule out the effect of
other drugs not registered in the questionnaire or a certain under-estimation of cannabis con-
sumption associated with alcohol consumption, due to the fact that some students might not
declare that they consumed them. We consider it improbable that this could imply a signifi-
cant bias because even though it is illegal, the use of cannabis is relatively accepted in our social
context.

Conclusions

Our results suggest that intermittent consumption of large quantities of alcohol in a short
period of time is associated to a significant impact on the cognitive function in young adults,
the most susceptible domain being executive functions and particularly cognitive flexibility.
We were not able to find a statistically significant modulator effect of physical exercise nor
APOE genotype. Women may be more susceptible to this damage and its effect could be accu-
mulative at an early age. Although longitudinal studies are necessary in order to observe the
evolution of these cognitive deficits and evaluate their consequences in the future, these results
should be taken as a wake-up call in terms of the permissiveness that some societies show
regarding adolescent alcohol consumption.

Supporting Information

S1 Table. Studies analysing the effects of binge drinking on young people using neuropsy-
chological tests.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0166834 November 18, 2016 8/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166834.s001

@° PLOS | ONE

Binge Drinking Is Associated with Alterations in Executive Functions in Young University Students

S2 Table. Results of the neuropsychological tests in both APOE*4 carriers and non-carri-
ers.
(DOCX)

§3 Table. Results of the neuropsychological tests according to gender.
(DOCX)

S$4 Table. Results of the neuropsychological tests according to levels of physical activity.
(DOCX)

Acknowledgments

The authors would like to acknowledge the excellent cooperation of the students in this proj-
ect. We appreciate the participation of the Biobank of HUMV-IDIVAL in processing blood
samples. We thank Vanesa Perez and David Ventura for their continuous support during this
project.

Author Contributions
Conceptualization: PS].

Data curation: DSG MFG.

Formal analysis: DSG PS].

Funding acquisition: PS].

Investigation: DSG MFG AP IDC ML CP.
Methodology: DSG MFG AP PS]J.

Project administration: PS].
Supervision: PS].

Writing - original draft: DSG MFG.

Writing - review & editing: PS].

References

1. Lange JE, Clapp JD, Turrisi R, Reavy R, Jaccard J, Johnson MB et al. College binge drinking: what is
it? Who does it? Alcohol Clin Exp Res. 2002; 26:723-730. PMID: 12045482

2. WechslerH, Lee JE, Kuo M, Seibring M, Nelson TF, Lee H. Trends in college binge drinking during a
period of increased prevention efforts. Findings from 4 Harvard School of Public Health College Alcohol
Study surveys: 1993-2001. J Am Coll Health. 2002 Mar; 50(5):203—17. doi: 10.1080/
07448480209595713 PMID: 11990979

3. Gill JS. Reported levels of alcohol consumption and binge drinking within the UK undergraduate student
population over the last 25 years. Alcohol Alcohol. 2002 Mar-Apr; 37(2):109-20. PMID: 11912065

4. Patrick ME, Schulenberg JE. Prevalence and predictors of adolescent alcohol use and binge drinking in
the United States. Alcohol Res. 2013; 35(2):193—-200. PMID: 24881328

5. Caamario-Isorna F, Corral M, Parada M, Cadaveira F. Factors associated with risky consumption and
heavy episodic drinking among Spanish university students. J Stud Alcohol Drugs. 2008 Mar; 69
(2):308—12. PMID: 18299773

6. ESTUDES 2013. Spanish Drug Observatory [internet]. Spain. DGPNSD. MSSSI. Available at: http://
www.pnsd.msc.es/Categoria2/observa/pdf/PresentESTUDES2012_2013.pdf

7. Stephens DN, Duka T. Cognitive and emotional consequences of binge drinking: role of amygdala and
prefrontal cortex. Philos Trans R Soc Lond B Biol Sci [Internet]. 2008 Oct 12 [cited 2014 May 9]; 363
(1507):3169-79. doi: 10.1098/rstb.2008.0097 PMID: 18640918

PLOS ONE | DOI:10.1371/journal.pone.0166834 November 18, 2016 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166834.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166834.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166834.s004
http://www.ncbi.nlm.nih.gov/pubmed/12045482
http://dx.doi.org/10.1080/07448480209595713
http://dx.doi.org/10.1080/07448480209595713
http://www.ncbi.nlm.nih.gov/pubmed/11990979
http://www.ncbi.nlm.nih.gov/pubmed/11912065
http://www.ncbi.nlm.nih.gov/pubmed/24881328
http://www.ncbi.nlm.nih.gov/pubmed/18299773
http://www.pnsd.msc.es/Categoria2/observa/pdf/PresentESTUDES2012_2013.pdf
http://www.pnsd.msc.es/Categoria2/observa/pdf/PresentESTUDES2012_2013.pdf
http://dx.doi.org/10.1098/rstb.2008.0097
http://www.ncbi.nlm.nih.gov/pubmed/18640918

@° PLOS | ONE

Binge Drinking Is Associated with Alterations in Executive Functions in Young University Students

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Dahl RE. Adolescent brain development: a period of vulnerabilities and opportunities. Keynote address.
Ann N'Y Acad Sci. 2004 Jun; 1021:1-22. doi: 10.1196/annals.1308.001 PMID: 15251869

Monti PM, Miranda R Jr, Nixon K, Sher KJ, Swartzwelder HS, Tapert SF et al. Adolescence: booze,
brains, and behavior. Alcohol Clin Exp Res. 2005 Feb; 29(2):207—20. PMID: 15714044

Hartley DE, Elsabagh S, File SE. Binge drinking and sex: Effects on mood and cognitive function in
healthy young volunteers. Pharmacology, Biochemistry, and Behavior. 2004; 78: 611-619. doi: 10.
1016/j.pbb.2004.04.027 PMID: 15251270

Garcia-Moreno L M, Expésito J, Sanhueza C, Angulo MT. Actividad prefrontal y alcoholismo de fin de
semana en jovenes. (Prefrontal activity and weekend drinking in young people) Adicciones. 2008; 20,
271-279. PMID: 18813773

Heffernan T, Clark R, Bartholomew J, Ling J, Stephens S. Does binge drinking in teenagers affect their
everyday prospective memory? Drug Alcohol Depend. 2009; 109(1-3):73-8.

Heffernan TM. The impact of excessive alcohol use on prospective memory: a brief review. Curr Drug
Abuse Rev. 2008; 1(1):36—41. PMID: 19630703

Parada M, Corral M, Caamario-Isorna F, Mota N, Crego A, Holguin SR, Cadaveira F. Binge drinking
and declarative memory in university students. Alcohol Clin Exp Res. 2011 Aug; 35(8):1475-84. doi:
10.1111/1.1530-0277.2011.01484.x PMID: 21575014

Crego A, Holguin SR, Parada M, Mota N, Corral M, Cadaveira F. Binge drinking affects attentional and
visual working memory processing in young university students. Alcohol Clin Exp Res. 2009; 33
(11):1870-9. doi: 10.1111/].1530-0277.2009.01025.x PMID: 19673739

Crego A, Rodriguez S, Parada M, Mota N, Corral M, Cadaveira F. Reduced anterior prefrontal cortex
activation in young binge drinkers during a visual working memory task. Drug Alcohol Depend. 2010;
109(1-3):45-56. doi: 10.1016/j.drugalcdep.2009.11.020 PMID: 20079980

Townshend JM, Duka T. Mixed emotions: alcoholics’ impairments in the recognition of specific emo-
tional facial expressions. Neuropsychologia 2003; 41: 773-782. PMID: 12631528

Doallo S, Cadaveira F, Corral M, Mota N, Lépez-Caneda E, Holguin SR. Larger mid-dorsolateral pre-
frontal gray matter volume in young binge drinkers revealed by voxel-based morphometry. PLoS One.
2014 May 2; 9(5):€96380. doi: 10.1371/journal.pone.0096380 PMID: 24789323

Jamal M, Ameno K, Miki T, Tanaka N, Ono J, Shirakami G et al. High ethanol and acetaldehyde impair
spatial memory in mouse models: opposite effects of aldehyde dehydrogenase 2 and apolipoprotein E
on memory. Pharmacol Biochem Behav. 2012; 101 (3):443-9. doi: 10.1016/j.pbb.2012.02.006 PMID:
22361447

Bartrés-Faz D, Clemente IC, Monras M, Mufioz M, Lépez-Alomar A, Valveny N et al. Relation of Apo E
and ACE genes to cognitive performance in chronic alcoholic patients. Addict Biol. 2002; 7 (2):227-33.
doi: 10.1080/135562102200120451 PMID: 12006218

Dufouil C, Tzourio C, Brayne C, Berr C, Amouyel P, Alpérovitch A. Influence of apolipoprotein E geno-
type on the risk of cognitive deterioration in moderate drinkers and smokers. Epidemiology. 2000; 11
(3):280—4. PMID: 10784244

Harwood DG, Kalechstein A, Barker WW, Strauman S, St George-Hyslop P, Iglesias C et al. The effect
of alcohol and tobacco consumption, and apolipoprotein E genotype, on the age of onset in Alzheimer’s
disease. Int J Geriatr Psychiatry. 2010; 25(5):511-8. doi: 10.1002/gps.2372 PMID: 19750560

Phillips C, Baktir MA, Srivatsan M, Salehi A. Neuroprotective effects of physical activity on the brain: a
closer look at trophic factor signaling. Front Cell Neurosci. 2014 Jun 20; 8:170 doi: 10.3389/fncel.2014.
00170 PMID: 24999318

Booth M. Assessment of Physical Activity: An International Perspective. Research Quarterly for Exer-
cise and Sport.2000; 71(2):s114-20.

International Center for Alcohol Policies 2003. Disponible en: http://www.icap.org/Policy Tools/
ICAPBIlueBook/BlueBookModules/20StandardDrinks/tabid/161/Default.aspx#1

Wechsler D. WMS-III, Wechsler Memory Scale. Third Edition; The Psychocological Corporation, San
Antonio, Texas, USA 1997

Perefia J, Seisdedos N, Arribas D, Santamaria P, Sueiro M. WMS-lll, Escala de Memoria Wechsler IlI
(Wechsler Memory Scale Ill); TEA Ediciones, S.A.; 2004

Aguirre-Acevedo DC, Gémez RD, Moreno S, Henao-Arboleda E, Motta M, Mufioz C et al. Validez y fia-
bilidad de la bateria neuropsicoldgica. (Validity and reliability of the neuropsychological battery)
CERAD-Col. Rev Neurol 2007; 45: 655-60. PMID: 18050096

Morris C, Heyman JA, Mohs RC, Hughes JP, Van Belle G, Fillenbaum G et al. The Consortium to estab-
lish a registry for Alzheimer’s disease (CERAD). Part I. Clinical and neuropsychological assessment of
Alzheimer’s disease. Neurology 1989; 39: 1159—-1165. PMID: 2771064

PLOS ONE | DOI:10.1371/journal.pone.0166834 November 18, 2016 10/12


http://dx.doi.org/10.1196/annals.1308.001
http://www.ncbi.nlm.nih.gov/pubmed/15251869
http://www.ncbi.nlm.nih.gov/pubmed/15714044
http://dx.doi.org/10.1016/j.pbb.2004.04.027
http://dx.doi.org/10.1016/j.pbb.2004.04.027
http://www.ncbi.nlm.nih.gov/pubmed/15251270
http://www.ncbi.nlm.nih.gov/pubmed/18813773
http://www.ncbi.nlm.nih.gov/pubmed/19630703
http://dx.doi.org/10.1111/j.1530-0277.2011.01484.x
http://www.ncbi.nlm.nih.gov/pubmed/21575014
http://dx.doi.org/10.1111/j.1530-0277.2009.01025.x
http://www.ncbi.nlm.nih.gov/pubmed/19673739
http://dx.doi.org/10.1016/j.drugalcdep.2009.11.020
http://www.ncbi.nlm.nih.gov/pubmed/20079980
http://www.ncbi.nlm.nih.gov/pubmed/12631528
http://dx.doi.org/10.1371/journal.pone.0096380
http://www.ncbi.nlm.nih.gov/pubmed/24789323
http://dx.doi.org/10.1016/j.pbb.2012.02.006
http://www.ncbi.nlm.nih.gov/pubmed/22361447
http://dx.doi.org/10.1080/135562102200120451
http://www.ncbi.nlm.nih.gov/pubmed/12006218
http://www.ncbi.nlm.nih.gov/pubmed/10784244
http://dx.doi.org/10.1002/gps.2372
http://www.ncbi.nlm.nih.gov/pubmed/19750560
http://dx.doi.org/10.3389/fncel.2014.00170
http://dx.doi.org/10.3389/fncel.2014.00170
http://www.ncbi.nlm.nih.gov/pubmed/24999318
http://www.icap.org/PolicyTools/ICAPBlueBook/BlueBookModules/20StandardDrinks/tabid/161/Default.aspx#1
http://www.icap.org/PolicyTools/ICAPBlueBook/BlueBookModules/20StandardDrinks/tabid/161/Default.aspx#1
http://www.ncbi.nlm.nih.gov/pubmed/18050096
http://www.ncbi.nlm.nih.gov/pubmed/2771064

@° PLOS | ONE

Binge Drinking Is Associated with Alterations in Executive Functions in Young University Students

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

4,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

Mirra SS, Heyman A, Mckeel D, Sumi SM, Crain BJ, Brownlee LM et al. The Consortium to establish a
registry for Alzheimer’s disease (CERAD). Part Il. Standardization of the neuropathologic assessment
of Alzheimer’s disease. Neurology 1991; 41: 479-486. PMID: 2011243

Rey A, Test de copia y de reproduccion de memoria de figuras geométricas complejas. (Copy test and
reproduction of complex geometrical shapes) Ediciones TEA, 1975.

Golden CJ. Stroop Color and Word Test. A manual for clinical and experimental uses. Wood Dale, llli-
nois: Stoelting Co. 1997.

Partington JLR: Partington’s pathways test. Psychol Serv Cent Bull 1949: 11-20.

Fernandez-Serrano MJ, Pérez-Garcia M, Verdejo-Garcia A. What are the specific vs. generalized
effects of drugs of abuse on neuropsychological performance? Neuroscience & Biobehavioral Reviews.
2011; 35:377-406

Green A, Garrick T, Sheedy D, Blake H, Shores EA, Harper C. The effect of moderate to heavy alcohol
consumption on neuropsychological performance as measured by the repeatable battery for the
assessment of neuropsychological status. Alcohol Clin Exp Res. 2010 Mar 1; 34(3):443-50. doi: 10.
1111/j.1530-0277.2009.01108.x PMID: 20028356

Hildebrandt H, Brokate B, Eling P, Lanz M. Response shifting and inhibition, but not working memory,
are impaired after long-term heavy alcohol consumption. Neuropsychology. 2004; 18: 203-211. Clini-
cal and Experimental Research. 2010; 34: 443-450

Parada M, Corral M, Mota N, Crego A, Rodriguez Holguin S, Cadaveira F. Executive functioning and
alcohol binge drinking in university students. Addict Behav. February 2012; 37(2):167-72

Garcia LM, Expésito J, Sanhueza C, Gil S. Rendimiento cognitivo y consumo de alcohol durante los
fines de semana en mujeres adolescentes. (Cognitive performance and weekend alcohol consumption
in adolescent females) Neuropsicologia, Neuropsiquiatria y Neurociencias.2009; 19: 75-91.

Mota N, Parada M, Crego A, Doallo S, Caamario-Isorna F, Rodriguez Holguin S, Cadaveira F, Corral
M. Binge drinking trajectory and neuropsychological functioning among university students: a longitudi-
nal study. Drug Alcohol Depend. 2013 Nov 1; 133(1):108—-14. doi: 10.1016/j.drugalcdep.2013.05.024
PMID: 23791027

Townshend JM, Duka T.Binge drinking, cognitive performance and mood in a population of young
social drinkers. Alcohol Clin Exp Res. 2005 Mar; 29(3):317-25. PMID: 15770105

Scaife JC, Duka T. Behavioural measures of frontal lobe function in a population of young social drink-
ers with binge drinking pattern. Pharmacol Biochem Behav. 2009 Sep; 93(3):354—62. doi: 10.1016/j.
pbb.2009.05.015 PMID: 19497334

Squeglia LM, Schweinsburg AD, Pulido C, Tapert SF. Adolescent binge drinking linked to abnormal
spatial working memory brain activation: differential gender effects. Alcohol Clin Exp Res. 2011 Oct; 35
(10):1831—41. doi: 10.1111/j.1530-0277.2011.01527.x. Epub 2011 Jul 18. PMID: 21762178

Day AM, Celio MA, Lisman SA, Johansen GE, Spear LP. Acute and chronic effects of alcohol on trail
making test performance among underage drinkers in a field setting. J Stud Alcohol Drugs. 2013 Jul; 74
(4):635—41. PMID: 23739029

Mann K, Ackermann K, Croissant B, Mundle G, Nakovics H, Diehl A. Neuroimaging of gender differ-
ences in alcohol dependence: are women more vulnerable? Alcohol Clin Exp Res.2005; 29:896-901.
PMID: 15897736

Medina KL, McQueeny T, Nagel BJ, Hanson KL, Schweinsburg AD, Tapert SF. Prefrontal cortex vol-
umes in adolescents with alcohol use disorders: unique gender effects. Alcohol Clin Exp Res.2008;
32:386—-394. doi: 10.1111/].1530-0277.2007.00602.x PMID: 18302722

Sneider JT, Cohen-Gilbert JE, Crowley DJ, Paul MD, Silveri MM.Differential effects of binge drinking on
learning and memory in emerging adults. J Addict Res Ther. 2013 Apr 26; Suppl 7.

Oscar-Berman M, Marinkovic K. Alcohol: Effects on neurobehavioral functions and the brain. Neuropsy-
chology Review. 2007; 17: 239-257. doi: 10.1007/s11065-007-9038-6 PMID: 17874302

Silvers JM, Tokunaga S, Mittleman G, Matthews DB. Chronic intermittent injections of high-dose etha-
nol during adolescence produce metabolic, hypnotic, and cognitive tolerance in rats. Alcohol Clin Exp
Res. 2003 Oct; 27(10):1606—12. doi: 10.1097/01.ALC.0000090141.66526.22 PMID: 14574231

Casey BJ, Jones RM. Neurobiology of the adolescent brain and behavior: implications for substance
use disorders. J Am Acad Child Adolesc Psychiatry. 2010 Dec; 49(12):1189-201. doi: 10.1016/j.jaac.
2010.08.017 PMID: 21093769

White AM, Swartzwelder HS. Hippocampal function during adolescence: a unique target of ethanol
effects. Ann N'Y Acad Sci. 2004 Jun; 1021:206—20. doi: 10.1196/annals.1308.026 PMID: 15251891

Yu YW, Lin CH, Chen SP, Hong CJ, Tsai SJ. Intelligence and eventrelated potentials for young female
human volunteer apolipoprotein E epsilon4 and non-epsilon4 carriers. Neurosci Lett 2000; 294: 179—
81. PMID: 11072144

PLOS ONE | DOI:10.1371/journal.pone.0166834 November 18, 2016 11/12


http://www.ncbi.nlm.nih.gov/pubmed/2011243
http://dx.doi.org/10.1111/j.1530-0277.2009.01108.x
http://dx.doi.org/10.1111/j.1530-0277.2009.01108.x
http://www.ncbi.nlm.nih.gov/pubmed/20028356
http://dx.doi.org/10.1016/j.drugalcdep.2013.05.024
http://www.ncbi.nlm.nih.gov/pubmed/23791027
http://www.ncbi.nlm.nih.gov/pubmed/15770105
http://dx.doi.org/10.1016/j.pbb.2009.05.015
http://dx.doi.org/10.1016/j.pbb.2009.05.015
http://www.ncbi.nlm.nih.gov/pubmed/19497334
http://dx.doi.org/10.1111/j.1530-0277.2011.01527.x
http://www.ncbi.nlm.nih.gov/pubmed/21762178
http://www.ncbi.nlm.nih.gov/pubmed/23739029
http://www.ncbi.nlm.nih.gov/pubmed/15897736
http://dx.doi.org/10.1111/j.1530-0277.2007.00602.x
http://www.ncbi.nlm.nih.gov/pubmed/18302722
http://dx.doi.org/10.1007/s11065-007-9038-6
http://www.ncbi.nlm.nih.gov/pubmed/17874302
http://dx.doi.org/10.1097/01.ALC.0000090141.66526.22
http://www.ncbi.nlm.nih.gov/pubmed/14574231
http://dx.doi.org/10.1016/j.jaac.2010.08.017
http://dx.doi.org/10.1016/j.jaac.2010.08.017
http://www.ncbi.nlm.nih.gov/pubmed/21093769
http://dx.doi.org/10.1196/annals.1308.026
http://www.ncbi.nlm.nih.gov/pubmed/15251891
http://www.ncbi.nlm.nih.gov/pubmed/11072144

@° PLOS | ONE

Binge Drinking Is Associated with Alterations in Executive Functions in Young University Students

52.

53.

54.

55.

56.

Brown SA, Brumback T, Tomlinson K, Cummins K, Thompson WK, Nagel BJ, et al. The National Con-
sortium on Alcohol and NeuroDevelopment in Adolescence (NCANDA): A Multisite Study of Adolescent
Development and Substance Use. J Stud Alcohol Drugs. 2015 Nov; 76(6):895-908. doi: 10.15288/jsad.
2015.76.895 PMID: 26562597

Parada M, Corral M, Caamario-Isorna F, Mota N, Crego A, Rodriguez Holguin S, Cadaveira F. Defini-
tion of adolescent binge drinking ADICCIONES, 2011; 23(1). 53—63 PMID: 21503564

Tait RJ, Mackinnon A, Christensen H. Cannabis use and cognitive function: 8-year trajectory in a young
adult cohort. Addiction. 2011 Dec; 106(12):2195-203. doi: 10.1111/j.1360-0443.2011.03574.x PMID:
21749524

Gonzalez R, Schuster RM, Mermelstein RJ, Vassileva J, Martin EM, Diviak KR. Performance of young
adult cannabis users on neurocognitive measures of impulsive behavior and their relationship to symp-
toms of cannabis use disorders. J Clin Exp Neuropsychol. 2012; 34(9):962—76 doi: 10.1080/13803395.
2012.703642 PMID: 22882144

Batalla A, Bhattacharyya S, YUcel M, Fusar-Poli P, Crippa JA, Nogué S et al. Structural and functional

imaging studies in chronic cannabis users: a systematic review of adolescent and adult findings. PLoS
ONE. 2013; 8(2):€55821 doi: 10.1371/journal.pone.0055821 PMID: 23390554

PLOS ONE | DOI:10.1371/journal.pone.0166834 November 18, 2016 12/12


http://dx.doi.org/10.15288/jsad.2015.76.895
http://dx.doi.org/10.15288/jsad.2015.76.895
http://www.ncbi.nlm.nih.gov/pubmed/26562597
http://www.ncbi.nlm.nih.gov/pubmed/21503564
http://dx.doi.org/10.1111/j.1360-0443.2011.03574.x
http://www.ncbi.nlm.nih.gov/pubmed/21749524
http://dx.doi.org/10.1080/13803395.2012.703642
http://dx.doi.org/10.1080/13803395.2012.703642
http://www.ncbi.nlm.nih.gov/pubmed/22882144
http://dx.doi.org/10.1371/journal.pone.0055821
http://www.ncbi.nlm.nih.gov/pubmed/23390554

