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Introduction: Binge drinking (BD) is a common health-risk behavior among young people. Due to the incomplete maturation of the adolescent brain, BD can lead to structural and functional changes that impact neurocognitive processes, particularly executive functioning and verbal memory. This study aimed to investigate the influence of executive components, such as mnemonic strategies and error avoidance, on performance in a verbal memory test and the potential effects of BD on this performance.

Methods: A sample of 160 college students (51.55% female) with a mean age of 18.12 ± 0.32 years completed assessments for alcohol use disorders using the Alcohol Use Disorder Identification Test (AUDIT), as well as psychopathological (Symptom Checklist-90-R) and neuropsychological evaluations (Verbal Learning Test Spain-Complutense and WMS-III Logical Memory). The Intensive Drinking Evaluation Instrument (IECI) was utilized to gather detailed information about binge drinking habits, including the calculation of the highest blood alcohol concentration (BAC) during an episode of intake.

Results: Correlation and clustering analyses revealed a negative association between BAC values and verbal memory performance, as well as the use of memory strategies. The high BAC group (BD) exhibited negative values in verbal memory variables, higher accuracy errors, and less efficient strategy usage, while the low BAC group (No BD) demonstrated better memory test performance, fewer precision errors, and superior use of memory strategies.

Discussion: These findings support the hypothesis that, when solving tests requiring verbal memory, adolescents reporting a BD consumption pattern show fewer executive skills in their resolution and, therefore, achieved poorer performance than non-binge drinkers. Addressing excessive alcohol consumption in young individuals is crucial for safeguarding their cognitive development and overall well-being.
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1. Introduction

Adolescence is a critical developmental phase. The adolescent brain undergoes structural and functional changes essential for optimal cognitive, behavioral, and emotional maturation throughout this stage (Konrad et al., 2013; Fuhrmann et al., 2015; Spear, 2018). Some characteristics of adolescence such as heightened reward sensitivity, experience seeking, impulsivity and poor self-control predispose them to engage in risky behavior, with alcohol use being the most frequent (Lees et al., 2020; Andrews et al., 2021). According to the World Health Organization (WHO), most adolescents start consuming alcohol between the ages of 12 and 16. Specifically, in Europe, 25% of adolescents start consuming alcohol at the age of 13 and the prevalence of weekly alcohol consumption among adolescents, although varying by region and gender, is between 2 and 33% (World Health Organization, 2019).

A common form of alcohol consumption among young people is called Binge Drinking (BD), which is characterized by the discontinuous consumption of quantities of alcohol that raises blood alcohol concentrations (BAC) up to 0.08 g/dL (Substance Abuse and Mental Health Administration, 2018; National Institute on Alcohol Abuse and Alcoholism, 2021). Many studies have demonstrated the detrimental effect of BD on different cognitive functions during adolescence (Nguyen-Louie et al., 2016; Carbia et al., 2017; Jones et al., 2017; Mahedy et al., 2018; Gierski et al., 2020). According to the meta-analysis by Lees et al. (2019), BD has structural and functional neural consequences among adolescents and young adults in the brain systems associated with reward systems and executive control. Neuropsychologically, several studies report specific cognitive deficits in verbal memory (Nguyen-Louie et al., 2016), working memory (Mahedy et al., 2018), visuospatial functioning (Winward et al., 2014), as well as decrements in attention, learning and executive functions (Gil-Hernandez and Garcia-Moreno, 2016; Carbia et al., 2018; Lees et al., 2019).

The term executive functions is used in reference to a group of complex top-down control processes that encompass working memory, inhibition, cognitive flexibility, and planning. These processes regulate non-automatic process and depend on the integrity of frontal circuits (Diamond, 2013). The developmental peak of the prefrontal regions of the brain occurs during adolescence and early adulthood. As a result, executive functions continue to improve throughout this stage (Miller and Cohen, 2001; Dumontheil, 2016; Berthelsen et al., 2017). According to the systematic review by Carbia et al. (2018), BD during adolescence and early adulthood is consistently associated with detriment to inhibitory control and cognitive flexibility. Furthermore, they suggest that BD seems to affect the more demanding working memory tasks that require information monitoring and executive strategies to compensate for a deficit in storage capacity. Other studies have not found any detrimental performance in typical neuropsychological assessment tests measuring executive functioning in adolescents with a short history of alcohol consumption, but it was observed in the performance of daily activities (Gil-Hernandez and Garcia-Moreno, 2016). They suggest that BD does not have an obvious neuro-cognitive impact in early stages of alcohol consumption, or that the adolescent brain can develop compensatory strategies.

Memory is one of the cognitive processes most affected by alcohol consumption, as the medial temporal regions on which it depends (DeMaster et al., 2014; Kitamura et al., 2017) are particularly vulnerable to its effects (Abrahao et al., 2017; Hermens and Lagopoulos, 2018). The prefrontal cortex, which supports executive functions, is also involved in memory functioning (Eichenbaum, 2017). Indeed, the efficiency of connectivity between the prefrontal and temporomedial circuits is very important in memory performance (Riggins et al., 2016; Guise and Shapiro, 2017), and these connections are dysfunctional in people with alcohol-related memory deficit (Nunes et al., 2019). The influence of executive functions on memory is primarily attributed to their regulatory role in propositional behavior processing rather than the direct processing of stimulus content (Miller and Cohen, 2001). This guiding action consists of organizing, classifying information, as well as choosing, designing plans, regulating, and evaluating behavior, giving flexibility to the proposed task (Tse et al., 2011; Milivojevic et al., 2015). The executive contribution can be considered as the enhancement of learning and memory efficiency through the utilization of cognitive strategies, particularly within the framework of metacognitive and meta-memory processes. Indeed, BD subjects with lower executive performance manifest inadequate use of semantic-type strategies and impaired learning interference, resulting in poorer performance in verbal memory tests (Carbia et al., 2018; Gierski et al., 2020). Recent studies suggest that BD subjects experience difficulties in executive functions and verbal memory, which are manifested as poor performance in tasks involving the recall of word lists guided by the creation of semantic groupings (Carbia et al., 2018; Kang and Kim, 2022; Rodríguez Holguín et al., 2023).

Learning word lists is one of the most common paradigms in neuropsychological verbal memory research (Flores-Lázaro et al., 2017; Lau et al., 2018; Pflueger et al., 2018; McAndrews et al., 2020). Literature describes adolescence as the most intense period for declarative memory development, which is mediated by information monitoring and cognitive control (Flores-Lázaro et al., 2017; Johnson et al., 2018). This control relies on the action of the executive components on memory content (Fernandez-Duque et al., 2000; Shimamura, 2000), as, for example, the use of grouping strategies (Roebers et al., 2007; Ghetti and Angelini, 2008).

Semantic clustering is the strategy most related to better memory performance, while the serial strategy does so in a less demanding way (Introzzi et al., 2010). Semantic clustering is a high-level cognitive process for encoding new information that involves deep processing and has been related to measures of executive functioning, namely cognitive control, working memory and verbal fluency (Broadway et al., 2019; Fynes-Clinton et al., 2019; Williams et al., 2021). Semantic strategies positively and significantly correlate with better performance in recall tests (Sohlberg and Mateer, 2001; Kirchhoff, 2009) and both short and long-term recall and recognition (Del Valle and Urquijo, 2015). Therefore, they are related to superior verbal memory performance. On the other hand, the serial grouping strategy is considered a passive strategy that depends on auditory and attentional knowledge and has been related to executive functioning to a lesser extent (Broadway et al., 2019; Williams et al., 2021). In addition, together with measures of executive functioning, semantic clustering predicts overall memory performance. For this reason, we consider it important to determine how the ability to use grouping strategies, especially of a semantic type, can determine performance in remembering a list of words. To the best of our knowledge, no studies have been reported on this relationship in subjects BD.

BD subjects present executive monitoring difficulties, closely linked to memory difficulties (Lannoy et al., 2017a, 2018). Such difficulties lead to lower accuracy, as a result of retrieval intrusions and perseveration errors that reduce memory performance (Scaife and Duka, 2009; Sanhueza et al., 2011; Lundervold et al., 2019). Due to the close relationship between verbal memory and executive functioning, the aim of this paper is to find out to what extent executive components, such as the use of strategies in mnemonic tasks (Carbia et al., 2018; Gierski et al., 2020), determine performance in a verbal memory test and how excessive alcohol consumption may affect this performance. We hypothesize that executive ability, assessed by strategies and accuracy errors committed, will determine the performance in verbal memory tests; moreover, we suggest that binge drinking will affect this performance and will relate to poorer executive ability, i.e., less use of strategies and more memory accuracy errors.



2. Materials and methods


2.1. Participants

One hundred and sixty five first-year university students (51.55% female and 48.45% male) with a mean age of 18.12 ± 0.32 years participated. They were selected according to a non-probabilistic sampling from the university campus and collectively and anonymously completed a questionnaire on sociodemographic information, psychopathological symptomatology and information on the use of other legal and illegal drugs, as well as prescription and non-prescription drugs, was collected in the collectively administered questionnaires that included the Symptom Checklist-90-R (SCL-90R; Derogatis, 1983), the Spanish version of the Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 2001) and the Intensive Drinking Evaluation Instrument (IECI; Cortés et al., 2012). Participants reported via a 10 point Likert scale if they were “in agreement” (10) or “in disagreement” (0) with 16 different statements about the effects of carrying out an alcohol consumption. This information was used to decide on inclusion/exclusion in the study. And it was corroborated during the interview prior to the neuropsychological evaluation. Taking into account the amount of alcohol consumed, body mass index, gender and duration of the drinking episode, the highest blood alcohol concentration (BAC) that a subject would have reached in one of these episodes was estimated (Widmark, 1922; Fitzgerald, 1995).

Each participant was interviewed prior to the neuropsychological assessment. In the interview, information about their pattern of alcohol consumption was verified and the following exclusion criteria were applied: family history of alcoholism (first-and second-degree history) or major psychopathological disorder, personal history of neurological disorders or systemic diseases affecting neurocognitive functioning, regular use of drugs or prescription drugs with psychoactive effects, and motor or sensory impairment that prevented them from taking the tests. Then, they participated in two neuropsychological assessment sessions of 50-min sessions each on separate dates. This study is part of a larger project that used a comprehensive neuropsychological assessment protocol. In this paper we only present data referring to learning/memory tasks.



2.2. Instruments

The following instruments were applied:

Symptom Checklist-90-Revised (SCL-90-R; Derogatis, 1983): A self-administered questionnaire composed of a list of 90 items grouped in dimensions such as: depression, anxiety, somatizations, obsessions and compulsions, interpersonal sensitivity, hostility, phobic anxiety, paranoid ideation and psychoticism. In addition, it provides a global index of psychological distress and a global severity index (GSI).

Alcohol Use Disorders Identification Test (AUDIT): Adapted for the Spanish population by Babor et al. (2001). AUDIT was developed by the WHO as a simple screening method of excessive alcohol consumption and it is the most widely used instrument for this purpose. It has 10 questions that enquires about alcohol intake (3 questions about frequency, quantity and binge drinking), potential dependence on alcohol (3 questions), and experience of alcohol-related harm (4 questions).

Intensive Drinking Evaluation Instrument (IECI): Self-registration of consumption in which they report the number of times they drank alcohol during the last 6 months and indicate the number of drinks consumed each day of a week of habitual consumption during those 6 months. They also record the type of alcohol consumed and the time at which each intake was made. This scale presents a good fit in all the studies carried out, ranging from Cronbach’s alpha between 0.900 and 0.913 (Cortés et al., 2012; Motos, 2013).

For memory evaluation, the following instruments were applied:

Test de Aprendizaje Verbal España-Complutense (TAVEC) (Benedet and Alejandre, 2014): This test is equivalent to the California Verbal Learning Test-CVLT (Delis et al., 1987). It is applied to assess learning stability, short and long-term memory, retention, susceptibility to impaired learning interference and recognition. It provides a measurement of the learning strategies employed (serial and semantic). It consists of three-word lists: a learning list (List A), which is presented over five consecutive trials; an interference list (List B), which is presented once after the five previous trials; and a recognition list. Lists A and B are based on the learning of a list of 16 words grouped into four different semantic categories, with List B sharing two categories from the initial list and adding two new categories. The recognition list consists of 44 words. Free and cued recall of list A are tested immediately (short-delay recall), and again after 20 min (long-delay recall). In cued recall trials, the examiner prompts the subjects with the word category.

Logical Memory (WMS-III) (Wechsler, 1997): It is a two-part test in which two short stories (A and B) are read to the subject, with a second presentation of story B. After the presentation of each story, the subject is asked to try to reproduce the story as accurately as possible, emphasizing the importance of all the words in the text read (Logical Memory I). After 30 min, they must repeat what they remember from both stories (Logical memory II) and are given a recognition trial (15 questions per story in which they must say whether the information provided is true or false). Immediate and delayed verbal memory, functions related to hippocampal functioning are therefore assessed (De Toledo-Morrell et al., 2000; Papanicolaou et al., 2002; Wong et al., 2021).

Variables in this research are classified into two groups (Supplementary Table S1). Variables explicitly measuring memory performance in recall and recognition trials are in the first group. Variables which can be considered as indicators of executive skills, as is the case of those measuring strategies or accuracy errors, are in the second group.



2.3. Statistical analysis

Pearson’s correlation was calculated to analyze the relationship between participants’ BAC and verbal memory performance. Subsequently, a cluster analysis was conducted to describe and classify participants into groups sharing similar performance profiles in verbal memory and BAC levels achieved. This cluster analysis combines factorial methods and grouping techniques (Lebart et al., 1995) in four phases of analysis: in the first, a Principal Component Analysis (PCA) is carried out, this facilitates the identification of components (dimensions) underlying the data (Lebart et al., 1995; Pardo and Del Campo, 2007; Husson et al., 2010a,b); in the second phase, an agglomerative hierarchical classification is performed using Ward’s method (Pardo and Del Campo, 2007). Since the variables used to define the factorial plane are quantitative, the Euclidean distance between all the elements to be classified (160 participants) is determined using the first factorial plane obtained through the PCA. The third phase is a classification through mobile centers using the K-means method where, in addition, a validation of the identified groups is determined through hypothesis testing. Finally, the fourth phase includes the description of each of the groups obtained from the previously established continuous and categorical variables. If the variables are continuous, the mean of each group is compared with the general mean; in the case of categorical variables, the percentage of each group is compared with the general percentage. The v.test statistic (Husson et al., 2010a) is used to determine whether they are statistically significant. Data analysis was conducted with R version 3.2.4 (R Core Team, 2020) and the FactoMineR package (Lê et al., 2008) version 1.32 (Husson et al., 2016) was used for PCA and Cluster Analysis.

Data analysis was conducted using R version 3.2.4 (R Core Team, 2020). For PAC and Cluster Analysis, FactoMineR (Lê et al., 2008) version 1.32 (Husson et al., 2016) was used.




3. Results

Pearson’s correlation analysis demonstrates correlations between the use of memory strategies and performance in these tests (Table 1). Thus, for example, to the extent that participants were more skilled at using semantic strategies, their performance in the memory tests was better; on the contrary, the commission of perseverative errors or the inefficiency of monitoring processes was related to a worse performance in the memory tests. Finally, Table 1 also shows how the BAC achieved correlates negatively with both memory performance and total strategy use.



TABLE 1 Statistically significant correlations between BAC, MP, and ECMP (p < 0.05).
[image: Table1]

Cluster analysis was used to identify the possible groups into which the 160 participants fall. Based on the agglomerative hierarchical classification, three groupings were identified: cluster 1 is made up of 42 people (26.25%), cluster 2 of 69 people (43.12%), and cluster 3 of 49 people (30.63%).

Significant differences between three groups were estimated by variance analysis for the 42 previously defined variables. Table 2 shows the variables, including BAC. Differences between groups manifest an effect size greater than 0.8 which allows us to affirm that these variables behave differently depending on the group. In other words, the configuration of the groups estimated through the cluster analysis can be considered valid.



TABLE 2 Three estimated groups ANOVA for RM, CERM, and BAC.
[image: Table2]

Finally, Supplementary Table S2 lists the variables that characterize each of the three groups obtained.

If we take the BAC variable as a reference, whose overall mean is 0.08, we can observe that group 1 is characterized by a value of this variable of 0.12; while group 3 is characterized by a BAC value of 0.06. This means that group 1 includes those with binge drinking, while group 3 includes those who do not report binge drinking episodes. The BAC variable does not characterize group 2 in any way.

Group 1, which is characterized by a high BAC, it is also defined by negative values in variables measuring verbal memory performance (MP). In contrast, group 3, defined by a lower BAC, includes positive values in memory task performance.

In the case of variables related to executive components of memory performance (ECMP), such as use of strategies or commission errors, the values they acquire depending on whether they are in group 1 or 3 are different. For example, group 1 includes participants who made many errors (TAVEC_ERRORS), especially false positives and intrusions in cued recall (TAVEC_RFP; TAVEC_CRI) and are not very skilled at using memory strategies, especially semantic ones (TAVEC_TOTCS; TAVEC_TOTSMC). In contrast, group 3 includes participants who use these memory strategies efficiently by applying efficient memory strategies and make fewer mnemonic errors.

Moreover, 55.6% of the variables characterizing group 1 demonstrate a size effect greater than 0.80, which means they are highly relevant. Thus, Group 1 is made up of participants who consume alcohol intensively, whose performance in memory tests are lower than average and who make more accuracy errors. Group 3 is a specular clustering with that observed in Group 1. That is, subjects characterized by lower BAC values who perform well in the memory tests and make few errors in them. Likewise, the variables characterizing this group are very relevant, since the effect size observed is mostly higher than 0.8.

Table 3 shows the individual scores of the most characteristic subjects from the estimated clusters. Participant 73 represents cluster 3, with no alcohol consumption (BAC = 0.00). Their scores in the memory components (MP) and use of predominantly semantic strategies (CEM) are higher, and they do not score in memory error commission. On the other hand, subject 153, from cluster 1, with a BD consumption pattern (BAC = 0.18), exhibits the lowest scores in the strategy use variables (ECMP), a high commission of errors, and lower scores in the memory variables (MP).



TABLE 3 Most characteristic subjects of estimated clusters.
[image: Table3]



4. Discussion

The aim of our study was to find out to what extent an indicator of executive functioning, such as the accurate use of strategies in the memory process (Carbia et al., 2018; Gierski et al., 2020), might determine the performance of the participants in a verbal memory test and how excessive alcohol consumption can affect this performance. The results of this study indicate that there is a relationship between the executive components of memory performance and global memory performance. In addition, the participants are grouped into two significantly different clusters according to their drinking patterns, which represent specular images regarding TAVEC performance.

The participants who consume alcohol according to a BD pattern are characterized by poorer global performance in memory and ECMPs. They use less semantic grouping strategies, make more errors, more intrusions, and more false positives. They are characterized by using serial grouping strategies, which are less efficient. In contrast, the participants characterized by not binge drinking show good performance on memory tests and on ECMP-related indices. They use semantic grouping strategies. In other words, they engage cognitive abilities to organize and classify words based on their semantic similarities. These strategies allow for the identification and grouping of words into categories based on their related meanings. In addition, cognitive control is applied to avoid perseveration, intrusion, or false positives errors. Furthermore, they typically do not employ serial clustering strategies. Data collected in our research regarding the set of strategies and errors made in the memory tests allow us to configure different characterizations of the groups according to their pattern of alcohol consumption. As we have already noted, it seems the use of semantic strategies requires more cognitive effort than serial grouping strategies (Introzzi et al., 2010) and, moreover is regarded as one of the most efficient resources in memory tests (Sohlberg and Mateer, 2001). In our study, we observed that the participants in the BD cluster used less semantic strategies than non-drinkers or low-consumption-drinkers, like that observed by Squeglia et al. (2009), who found higher semantic strategy scores during the first learning stages in those participants who do not drink alcohol. Our results show that the use of serial strategies characterize BD subjects more than non-BD subjects, something that could be explained by the latter’s use of semantic strategies which, as we have pointed out, require better executive skills and are therefore more decisive in determining the outcome in word list learning results.

The importance of the engagement of prefrontal regions in strategy implementation has been described using the California Verbal Learning Test (CVLT) (Baldo et al., 2002; Alexander et al., 2003). The results of our study provide neuropsychological evidence that the overall use of grouping strategies (TAVEC_TOTCS) is lower or less frequent, as is the detriment in semantic grouping (TAVEC_TOTSMC), in BD subjects (Winward et al., 2014). In fact, there is evidence that BD affects prefrontal regions and thus executive functioning (López-Caneda et al., 2014; Lees et al., 2019).

In addition, our results show that participants in the BD group commit a higher number of intrusions, perseverations, and false positives. It is interesting to note that the performance of BD subjects in word list learning tests is characterized by displaying perseveration errors (Schweinsburg et al., 2010; Sanhueza et al., 2011; Parada et al., 2012; Gierski et al., 2020) and intrusions (Lundervold et al., 2019; Gierski et al., 2020). In addition, studies using this same test have also found that BD subjects make these same types of errors more frequently than non-drinkers (García-Moreno et al., 2008, 2009). These data could suggest that BD subjects may have difficulties in monitoring the test, i.e., in knowing precisely what information they have or have not been given previously. The ability to update and contrast presented information with that already stored depends on working memory (Carbia et al., 2017). The impairment of monitoring processes in BD has already been documented in electrophysiological and behavioral studies of executive function (Lannoy et al., 2017a,b; Lannoy et al., 2018), linking memory difficulties, at least in part, to executive processes.

The data from our study describe decrements in ECMP and overall impaired memory performance in BD participants. In fact, the long-term effects of BD in young people are associated with decreased learning ability and negative effects on verbal memory (Carbia et al., 2017; Lannoy et al., 2019; Lees et al., 2019). In line with the findings of our study, BD participants present impaired performance in verbal memory ability compared to non-drinkers (Winward et al., 2014). Various neuropsychological studies have described the relationship between BD in adolescents and verbal memory performance. In particular, worse performance is found in learning and verbal and visuospatial memory tests, reflecting verbal and non-verbal information retrieval deficits (Brown et al., 2000). Other studies, such as those by Mota et al. (2013) and Parada et al. (2011), observed differences in memory performance in both short and long-term recall in Wechsler Memory Scale (WMS) subtests, with lower performance in BD adolescents. However, these studies found no significant differences on the RAVLT (Rey Auditory Verbal Learning Test), a word list learning test with a very similar structure to the TAVEC test but using semantically unrelated words. Other studies, which used unrelated word lists, also found no differences in recall (Hartley et al., 2004; Carbia et al., 2017), which may mean that, as it does not require an executive skill such as the use of semantic strategies, differences in performance are not significant (Hartley et al., 2004; Carbia et al., 2017).

However, studies using semantically related word tests found young BD adults perform less well compared to the control group (García-Moreno et al., 2008, 2009; Sneider et al., 2013; Winward et al., 2014). Lower performance on story memory and semantically related word list learning tests has also been verified in longitudinal studies in young people who maintained a stable pattern of intensive alcohol consumption from adolescence to early adulthood (Hanson et al., 2011; Carbia et al., 2017). In the study by Gierski et al. (2020), free recall and immediate cued recall scores are markedly lower among BD subjects, suggesting difficulty in the process of retrieving verbal information from episodic memory. Overall memory scores were significantly lower for the BD group. Using visual material, in a verbal memory test, free and paired recall associated with concrete and abstract stimuli was assessed. Of these, BD youth demonstrated lower performance in the tests of learning pairs associated with abstract figures (Scaife and Duka, 2009) and in the recall of common drawn objects (Hartley et al., 2004).

This work is not without limitations. The main one is that although an effort has been made to measure alcohol consumption as reliably as possible, the calculated BAC is an estimate based on self-reports of consumption. In addition, young university students do not represent the entire population of young people who practice heavy alcohol consumption. Their higher academic level implies a certain type of cognitive training that can be reflected in their performance on memory tests. Therefore, we cannot generalize the results. This effect could be different, perhaps even greater, among young people with a lower academic level.

To conclude, our results demonstrate that there is a clear correlation between executive abilities displayed during the verbal memory process and the performance of these tests. Non-BD participants capable of using semantic grouping strategies or efficiently supervising the process to avoid perseverations or false positives, obtain better punctuations at variables measuring verbal memory performance. In contrast, intensive alcohol consumption its associated with poorer executive function. According to our results, BD participants display fewer executive abilities, such as semantic grouping strategies or error commission and as a result they have worse verbal memory performance than non-BD participants.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The current research project was approved by the Clinical Research Ethics Committee of San Carlos Clinical Hospital in Madrid (Ref. 19/121-E_BC). The studies were conducted in accordance with local regulations and institutional requirements. Participants provided written informed consent to participate in this study.



Author contributions

FC, LG, and MC: designed the study. CP and PG: collected the data. CP and XO: analyzed and interpreted the data. CP, LG, and MC: wrote the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The study was supported by grants from the Spanish Ministerio de Sanidad, Servicios Sociales e Igualdad-Plan Nacional sobre Drogas (2010/134) and Xunta de Galicia (GRC ED431C 2021/08).



Acknowledgments

We are grateful to the individuals who kindly participated in the study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1239716/full#supplementary-material



References

 Abrahao, K. P., Salinas, A. G., and Lovinger, D. M. (2017). Alcohol and the brain: neuronal molecular targets, synapses, and circuits. Neuron 96, 1223–1238. doi: 10.1016/j.neuron.2017.10.032

 Alexander, M. P., Stuss, D. T., and Fansabedian, N. (2003). California Verbal Learning Test: performance by patients with focal frontal and non-frontal lesions. Brain 126, 1493–1503. doi: 10.1093/brain/awg128

 Andrews, J. L., Ahmed, S. P., and Blakemore, S. J. (2021). Navigating the social environment in adolescence: The role of social brain development. Biol. Psychiatry 89, 109–118. doi: 10.1016/j.biopsych.2020.09.012

 Babor, T. F., Higgins-Biddle, J. C., Saunders, J. B., and Monteiro, M. G. (2001). Cuestionario de Identificación de los Trastornos debidos al Consumo de Alcohol. Ginebra: OMS, 1–40.

 Baldo, J. V., Delis, D., Kramer, J., and Shimamura, A. P. (2002). Memory performance on the California Verbal Learning Test–II: Findings from patients with focal frontal lesions. J. Int. Neuropsychol. Soc. 8, 539–546. doi: 10.1017/s135561770281428x

 Benedet, M. J., and Alejandre, M. A. (2014). Test de Aprendizaje Verbal España Complutense. 2. Madrid: TEA Ediciones.

 Berthelsen, D., Hayes, N., White, S., and Williams, K. E. (2017). Executive function in adolescence: associations with child and family risk factors and self-regulation in early childhood. Front. Psychol. 8:903. doi: 10.3389/fpsyg.2017.00903

 Broadway, J. M., Rieger, R. E., Campbell, R. A., Quinn, D. K., Mayer, A. R., Yeo, R. A., et al. (2019). Executive function predictors of delayed memory deficits after mild traumatic brain injury. Cortex 120, 240–248. doi: 10.1016/j.cortex.2019.06.011

 Brown, S. A., Tapert, S. F., Granholm, E., and Delis, D. C. (2000). Neurocognitive functioning of adolescents: effects of protracted alcohol use. Alcohol. Clin. Exp. Res. 24, 164–171.

 Carbia, C., Cadaveira, F., Caamano-Isorna, F., Rodriguez-Holguin, S., and Corral, M. (2017). Binge drinking during adolescence and young adulthood is associated with deficits in verbal episodic memory. PLoS One 12:e0171393. doi: 10.1371/journal.pone.0171393

 Carbia, C., López-Caneda, E., Corral, M., and Cadaveira, F. (2018). A systematic review of neuropsychological studies involving young binge drinkers. Neurosci. Biobehav. Rev. 90, 332–349. doi: 10.1016/j.neubiorev.2018.04.013

 Cortés, M. T., Giménez, J. A., Espejo, B., Tomás, I., and Motos, P. (2012). Instrumento de Evaluación del Consumo Intensivo de Alcohol. Informe Interno del Plan Nacional sobre Drogas (PNSD). 

 De Toledo-Morrell, L., Dickerson, B., Sullivan, M. P., Spanovic, C., Wilson, R., and Bennett, D. A. (2000). Hemispheric differences in hippocampal volume predict verbal and spatial memory performance in patients with Alzheimer's disease. Hippocampus 10, 136–142. doi: 10.1002/(SICI)1098-1063(2000)10:2<136::AID-HIPO2>3.0.CO;2-J

 Del Valle, M. V., and Urquijo, S. (2015). Relaciones de las estrategias de codificación mnésica y la capacidad de aprendizaje con el desempeño académico de estudiantes universitarios. Psicología Educativa 21, 27–37. doi: 10.1016/j.pse.2015.02.004

 Delis, D., Kramer, J., Kaplan, E., and Ober, B. (1987). California Verbal Learning Test. San Antonio, TX: The Psychological Corporation.

 DeMaster, D., Pathman, T., Lee, J. K., and Ghetti, S. (2014). Structural development of the hippocampus and episodic memory: developmental differences along the anterior/posterior axis. Cereb. Cortex 24, 3036–3045. doi: 10.1093/cercor/bht160

 Derogatis, L. R. (1983). SCL-90-R: Administration, scoring and procedures. Manual II for the revised version of the SCL-90-R. Baltimore: John Hopkins University Press.

 Diamond, A. (2013). Executive functions. Annu. Rev. Clin. Psychol. 64, 135–168. doi: 10.1146/annurev-psych-113011-143750

 Dumontheil, I. (2016). Adolescent brain development. Curr. Opin. Behav. Sci. 10, 39–44. doi: 10.1016/j.cobeha.2016.04.012

 Eichenbaum, H. (2017). Prefrontal–hippocampal interactions in episodic memory. Nat. Rev. Neurosci. 18, 547–558. doi: 10.1038/nrn.2017.74

 Fernandez-Duque, D., Baird, J. A., and Posner, M. I. (2000). Executive attention and metacognitive regulation. Conscious. Cogn. 9, 288–307. doi: 10.1006/ccog.2000.0447

 Fitzgerald, E. F. Intoxication Test Evidence. 2 Clark Boardman Callaghan; Deerfield, IL: (1995).

 Flores-Lázaro, J. C., Salgado Soruco, M. A., and Stepanov, I. I. (2017). Children and adolescents’ performance on a medium-length/nonsemantic word-list test. Appl. Neuropsychol. Child 6, 95–105. doi: 10.1080/21622965.2015.1033099

 Fuhrmann, D., Knoll, L. J., and Blakemore, S. J. (2015). Adolescence as a sensitive period of brain development. Trends Cogn. Sci. 19, 558–566. doi: 10.1016/j.tics.2015.07.008

 Fynes-Clinton, S., Marstaller, L., and Burianová, H. (2019). Differentiation of functional networks during long-term memory retrieval in children and adolescents. NeuroImage 191, 93–103. doi: 10.1016/j.neuroimage.2019.01.065

 García-Moreno, L. M., Expósito, J., Sanhueza, C., and Angulo, M. T. (2008). Actividad prefrontal y alcoholismo de fin de semana en jóvenes. Adicciones 20, 271–280. doi: 10.20882/ADICCIONES.269

 García-Moreno, L. M., Expósito, F. J., Sanhueza, C., and Gil, S. (2009). Rendimiento neurocognitivo y alcoholismo de fin de semana en adolescentes. Revista de Psicología y Educación 3, 163–176.

 Ghetti, S., and Angelini, L. (2008). The development of recollection and familiarity in childhood and adolescence: Evidence from the dual-process signal detection model. Child Dev. 79, 339–358. doi: 10.1111/j.1467-8624.2007.01129.x

 Gierski, F., Stefaniak, N., Benzerouk, F., Gobin, P., Schmid, F., Henry, A., et al. (2020). Component process analysis of verbal memory in a sample of students with a binge drinking pattern. Addict. Behav. Rep. 12:100323. doi: 10.1016/j.abrep.2020.100323

 Gil-Hernandez, S., and Garcia-Moreno, L. M. (2016). Executive performance and dysexecutive symptoms in binge drinking adolescents. Alcohol 51, 79–87. doi: 10.1016/j.alcohol.2016.01.003

 Guise, K. G., and Shapiro, M. L. (2017). Medial prefrontal cortex reduces memory interference by modifying hippocampal encoding. Neuron 94, 183–192. doi: 10.1016/j.neuron.2017.03.011

 Hanson, K. L., Medina, K. L., Padula, C. B., Tapert, S. F., and Brown, S. A. (2011). Impact of adolescent alcohol and drug use on neuropsychological functioning in young adulthood: 10-year outcomes. J. Child Adolesc. Subst. Abuse 20, 135–154. doi: 10.1080/1067828X.2011.555272

 Hartley, D. E., Elsabagha, S., and File, S. E. (2004). Binge drinking and sex: effects on mood and cognitive function in healthy young volunteers. Pharmacol. Biochem. Behav. 78, 611–619. doi: 10.1016/j.pbb.2004.04.027

 Hermens, D. F., and Lagopoulos, J. (2018). Binge drinking and the young brain: A mini review of the neurobiological underpinnings of alcohol-induced blackout. Front. Psychol. 9:12. doi: 10.3389/fpsyg.2018.00012

 Husson, F., Josse, J., Le, S., and Mazet, J. (2016). Facto MineR: Factor analysis and data mining with R. R package version 1.32. Paris, Francia. Available at: http://CRAN.R-project.org/package=FactoMineR.

 Husson, F., Josse, J., and Pages, J. (2010a). “Principal component methods-hierarchical clustering-partitional clustering: why would we need to choose for visualizing data” in Applied Mathematics Department, 1–17.

 Husson, F., Lê, S., and Pagès, J. (2010b). Exploratory Multivariate Analysis by Example Using R. 1st Edn CRC Press.

 Introzzi, I., Urquijo, S., and López Ramón, M. F. (2010). Coding processes and executive functions in multiple sclerosis. Psicothema 22, 684–690.

 Johnson, E. L., Tang, L., Yin, Q., Asano, E., and Ofen, N. (2018). Direct brain recordings reveal prefrontal cortex dynamics of memory development. Sci. Adv. 4:eaat3702. doi: 10.1126/sciadv.aat3702

 Jones, S. A., Steele, J. S., and Nagel, B. J. (2017). Binge drinking and family history of alcoholism are associated with an altered developmental trajectory of impulsive choice across adolescence. Addiction 112, 1184–1192. doi: 10.1111/add.13823

 Kang, J. G., and Kim, M. S. (2022). Neuropsychological profile of college students who engage in binge drinking. Front. Psychol. 13:873654. doi: 10.3389/fpsyg.2022.873654

 Kirchhoff, B. A. (2009). Individual differences in episodic memory: The role of self-initiated encoding strategies. Neuroscientist 15, 166–179. doi: 10.1177/1073858408329507

 Kitamura, T., Ogawa, S. K., Roy, D. S., Okuyama, T., Morrissey, M. D., Smith, L. M., et al. (2017). Engrams and circuits crucial for systems consolidation of a memory. Science 356, 73–78. doi: 10.1126/science.aam6808

 Konrad, K., Firk, C., and Uhlhaas, P. J. (2013). Brain development during adolescence: neuroscientific insights into this developmental period. Dtsch. Arztebl. Int. 110:425. doi: 10.3238/arztebl.2013.0425

 Lannoy, S., Billieux, J., Dormal, V., and Maurage, P. (2019). Behavioral and cerebral impairments associated with binge drinking in youth: a critical review. Psychol. Bel. 59, 116–155. doi: 10.5334/pb.476

 Lannoy, S., Dhondt, F., Dormal, V., Billieux, J., and Maurage, P. (2017a). Electrophysiological correlates of performance monitoring in binge drinking: Impaired error-related but preserved feedback processing. Clin. Neurophysiol. 128, 2110–2121. doi: 10.1016/j.clinph.2017.08.005

 Lannoy, S., Dormal, V., Brion, M., Billieux, J., and Maurage, P. (2017b). Preserved crossmodal integration of emotional signals in binge drinking. Front. Psychol. 8:984. doi: 10.3389/fpsyg.2017.00984

 Lannoy, S., Maurage, P., D’Hondt, F., Billieux, J., and Dormal, V. (2018). Executive impairments in binge drinking: Evidence for a specific performance-monitoring difficulty during alcohol-related processing. Eur. Addict. Res. 24, 118–127. doi: 10.1159/000490492

 Lau, E. Y. Y., McAteer, S., Leung, C. N. W., Tucker, M. A., and Li, C. (2018). Beneficial effects of a daytime nap on verbal memory in adolescents. J. Adolesc. 67, 77–84. doi: 10.1016/j.adolescence.2018.06.004

 Lê, S., Josse, J., and Husson, F. (2008). FactoMineR: an R package for multivariate analysis. J. Stat. Softw. 25, 1–18. doi: 10.18637/jss.v025.i01

 Lebart, L., Morineau, A., and Piron, M. (1995) Statistique Exploratoire Multidimensionnelle. Dunod, Paris.

 Lees, B., Meredith, L. R., Kirkland, A. E., Bryant, B. E., and Squeglia, L. M. (2020). Effect of alcohol use on the adolescent brain and behavior. Pharmacol. Biochem. Behav. 192:172906. doi: 10.1016/j.pbb.2020.172906

 Lees, B., Mewton, L., Stapinski, L. A., Squeglia, L. M., Rae, C. D., and Teesson, M. (2019). Neurobiological and cognitive profile of young binge drinkers: A systematic review and meta-analysis. Neuropsychol. Rev. 29, 357–385. doi: 10.1007/s11065-019-09411-w

 López-Caneda, E., Holguín, S. R., Corral, M., Doallo, S., and Cadaveira, F. (2014). Evolution of the binge drinking pattern in college students: Neurophysiological correlates. Alcohol 48, 407–418. doi: 10.1016/j.alcohol.2014.01.009

 Lundervold, A. J., Halleland, H. B., Brevik, E. J., Haavik, J., and Sørensen, L. (2019). Verbal memory function in intellectually well-functioning adults with ADHD: relations to working memory and response inhibition. J. Atten. Disord. 23, 1188–1198. doi: 10.1177/1087054715580842

 Mahedy, L., Field, M., Gage, S., Hammerton, G., Heron, J., Hickman, M., et al. (2018). Alcohol use in adolescence and later working memory: Findings from a large population-based birth cohort. Alcohol Alcohol. 53, 251–258. doi: 10.1093/alcalc/agx113

 McAndrews, M. P., Cohn, M., and Gold, D. A. (2020). Infusing cognitive neuroscience into the clinical neuropsychology of memory. Curr. Opin. Behav. Sci. 32, 94–101. doi: 10.1016/j.cobeha.2020.01.011

 Milivojevic, B., Vicente-Grabovetsky, A., and Doeller, C. F. (2015). Insight reconfigures hippocampal-prefrontal memories. Curr. Biol. 25, 821–830. doi: 10.1016/j.cub.2015.01.033

 Miller, E. K., and Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annu. Rev. Neurosci. 24, 167–202. doi: 10.1146/annurev.neuro.24.1.167

 Mota, N., Parada, M., Crego, A., Doallo, S., Caamano-Isorna, F., Holguín, S. R., et al. (2013). Binge drinking trajectory and neuropsychological functioning among university students: a longitudinal study. Drug Alcohol Depend. 133, 108–114. doi: 10.1016/j.drugalcdep.2013.05.024

 Motos, P. (2013). Determinantes del consumo intensivo de alcohol en jóvenes universitarios (Thesis). Valencia: Universitat de València.

 National Institute on Alcohol Abuse and Alcoholism (2021). Drinking levels defined. Available at: https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/binge-drinking.

 Nguyen-Louie, T. T., Tracas, A., Squeglia, L. M., Matt, G. E., Eberson-Shumate, S., and Tapert, S. F. (2016). Learning and memory in adolescent moderate, binge, and extreme-binge drinkers. Alcohol. Clin. Exp. Res. 40, 1895–1904. doi: 10.1111/acer.13160

 Nunes, P. T., Kipp, B. T., Reitz, N. L., and Savage, L. M. (2019). Aging with alcohol-related brain damage: critical brain circuits associated with cognitive dysfunction. Int. Rev. Neurobiol. 148, 101–168. doi: 10.1016/bs.irn.2019.09.002

 Papanicolaou, A. C., Simos, P. G., Castillo, E. M., Breier, J. I., Katz, J. S., and Wright, A. A. (2002). The hippocampus and memory of verbal and pictorial material. Learn. Mem. 9, 99–104. doi: 10.1101/lm.44302

 Parada, M., Corral, M., Caamaño-Isorna, F., Mota, N., Crego, A., Rodríguez Holguín, S., et al. (2011). Binge Drinking and Declarative Memory in University Students. Alcohol. Clin. Exp. Res. 35, 1475–1484. doi: 10.1111/j.1530-0277.2011.01484.x

 Parada, M., Corral, M., Mota, N., Crego, A., Rodríguez Holguín, S., and Cadaveira, F. (2012). Executive functioning and alcohol binge drinking in university students. Addict Behav. 37, 167–72. doi: 10.1016/j.addbeh.2011.09.015

 Pardo, C. E., and Del Campo, P. C. (2007). Combinación de métodos factoriales y de análisis de conglomerados en R: el paquete Facto Class. Revista Colombiana de Estadística 30, 235–245.

 Pflueger, M. O., Calabrese, P., Studerus, E., Zimmermann, R., Gschwandtner, U., Borgwardt, S., et al. (2018). The neuropsychology of emerging psychosis and the role of working memory in episodic memory encoding. Psychol. Res. Behav. Manag. 11:157. doi: 10.2147/PRBM.S149425

 R Core Team (2020). R: A Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing. Available at: https://www.R-project.org/.

 Riggins, T., Geng, F., Blankenship, S. L., and Redcay, E. (2016). Hippocampal functional connectivity and episodic memory in early childhood. Dev. Cogn. Neurosci. 19, 58–69. doi: 10.1016/j.dcn.2016.02.002

 Rodríguez Holguín, S., Folgueira-Ares, R., Crego, A., López-Caneda, E., Corral, M., Cadaveira, F., et al. (2023). Neurocognitive effects of binge drinking on verbal episodic memory. An ERP study in university students. Front. Pharmacol. 14:1034248. doi: 10.3389/fphar.2023.1034248

 Roebers, C. M., von der Linden, N., Schneider, W., and Howie, P. (2007). Children’s metamemorial judgments in an event recall task. J. Exp. Child Psychol. 97, 117–137. doi: 10.1016/j.jecp.2006.12.006

 Sanhueza, C., García-Moreno, L. M., and Expósito, J. (2011). Weekend alcoholism in youth and neurocognitive aging. Psicothema 23, 209–214.

 Scaife, J. C., and Duka, T. (2009). Behavioural measures of frontal lobe function in a population of young social drinkers with binge drinking pattern. Pharmacol. Biochem. Behav. 93, 354–362. doi: 10.1016/j.pbb.2009.05.015

 Schweinsburg, A. D., McQueeny, T., Nagel, B. J., Eyler, L. T., and Tapert, S. F. (2010). A preliminary study of functional magnetic resonance imaging response during verbal encoding among adolescent binge drinkers. Alcohol 44, 111–117. doi: 10.1016/j.alcohol.2009.09.032

 Shimamura, A. P. (2000). The role of the prefrontal cortex in dynamic filtering. Psychobiology 28, 207–218.

 Sneider, J. T., Cohen-Gilbert, J. E., Crowley, D. J., Paul, M. D., and Silveri, M. M. (2013). Differential effects of binge drinking on learning and memory in emerging adults. J. Addict. Res. Ther. 26:10.4172/2155-6105.S7-006. doi: 10.4172/2155-6105.S7-006

 Sohlberg, M. M., and Mateer, C. A. (2001). Improving attention and managing attentional problems: Adapting rehabilitation techniques to adults with ADD. Ann. N. Y. Acad. Sci. 931, 359–375. doi: 10.1111/j.1749-6632.2001.tb05790.x

 Spear, L. P. (2018). Effects of adolescent alcohol consumption on the brain and behaviour. Nat. Rev. Neurosci. 19, 197–214. doi: 10.1038/nrn.2018.10

 Squeglia, L. M., Spadoni, A. D., Infante, M. A., Myers, M. G., and Tapert, S. F. (2009). Initiating moderate to heavy alcohol use predicts changes in neuropsychological functioning for adolescent girls and boys. Psychol. Addict. Behav. 23:715. doi: 10.1037/a0016516

 Substance Abuse and Mental Health Administration (2018). Key substance use and mental health indicators in the United States: Results from the 2017 National Survey on Drug Use and Health. (HHS Publication No. SMA 18-5068, NSDUH Series H-53) [Internet]. Rockville, MD: Center for Behavioral Health Statistics and Quality, Substance Abuse and Mental Health Services Administration. Available from: https://www.samhsa.gov/data/.

 Tse, D., Takeuchi, T., Kakeyama, M., Kajii, Y., Okuno, H., Tohyama, C., et al. (2011). Schema-dependent gene activation and memory encoding in neocortex. Science 333, 891–895. doi: 10.1126/science.1205274

 Wechsler, D. (1997). Wechsler Memory Scale-III. San Antonio: The Psychollogical Corporation.

 Widmark, E. (1922). A micromethod for the estimation of alcohol in blood. Biochemistry 131, 473–484.

 Williams, M. W., Ulrich, N., and Woods, S. P. (2021). Semantic clustering during verbal list learning is associated with employment status in a community sample. Percept. Mot. Skills 128, 1235–1251. doi: 10.1177/0031512521996875

 Winward, J. L., Hanson, K. L., Tapert, S. F., and Brown, S. A. (2014). Heavy alcohol use, marijuana use, and concomitant use by adolescents are associated with unique and shared cognitive decrements. J. Int. Neuropsychol. Soc. 20, 784–795. doi: 10.1017/S1355617714000666

 Wong, C. G., Jeffers, S. L., Bell, S. A., Caldwell, J. Z., Banks, S. J., and Miller, J. B. (2021). Story memory impairment rates and association with hippocampal volumes in a memory clinic population. J. Int. Neuropsychol. Soc. 28, 611–619. doi: 10.1017/S1355617721000850s

 World Health Organization. (2019). Global status report on alcohol and health 2018. World Health Organization. Available at: https://www.who.int/publications/i/item/9789241565639.



OPS/images/fpsyg-14-1239716-t003.jpg
Classification Variables Cluster 1 Cluster 3

(Subject  (Subject

153) 73)
BAC 018 0.00
MP TAVEC_IRI 5.00 7.00
TAVEC_IRB 5.00 500
TAVEC_SDER 1100 1600
TAVEC_SDCR 1200 15.00
TAVEC_LDFR 1100 16.00
TAVEC_LDCR 1200 16.00
TAVEC_DISCRIM 95.45 10000
TAVEC_LB_IRIA 0.00 40.00
LMI_FRI 26.00 38.00
LMI_TST 1200 1800
LMILTST 9.00 1200
LMII_RP 96.67 92.50
TAVEC_LDFR_SDFR 0.00 0.00
LM_LC 4.00 200
TAVEC_TFRAS 50.00 6100
TAVEC_RS 14.00 16.00
TAVEC_RECONAC_ -21.42 0.00
RLLP
TAVEC_RS_LDCR -1429 0.00
TAVEC_RCLLP MENOS -833 0.00
RLLP.
LMI_TRS3 40.00 59.00
LMIL_TRS_AB 29.00 37.00
LMIL_TRS 26.00 27.00
TAVEC_FTAS 13.00 1600
TAVEC_SDCR_LDCR 0.00 667
TAVEC_SDFR_FTAS 1818 0.00
ECMP TAVEC_P 5.00 0.00
TAVEC_FRI 0.00 0.00
TAVEC_CRI 1.00 0.00
TAVEC_RFP 0.00 0.00
TAVEC_ERRORS 6.00 0.00
TAVEC_TOTSRC 8.00 10.00
TAVEC_TOTSMC 13.00 45.00
TAVEC_TOTCS 21.00 55.00
TAVEC_IR_A_SRC 6.00 7.00
TAVEC_IR_B_SRC 1.00 200
TAVEC_IR_A_SMC 7.00 2400
TAVEC_IR_B_SMC 0.00 000
TAVEC_SD_FR_SMC 200 10.00
TAVEC_LD_FR_SMC 4.00 1100
TAVEC_SD_FR_SRC 1.00 0.00

TAVEC_LD_FR_SRC 0.00 100





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Verbal memory and executive components of recall in adolescent binge drinkers



		1. Introduction



		2. Materials and methods



		2.1. Participants



		2.2. Instruments



		2.3. Statistical analysis









		3. Results



		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fpsyg-14-1239716-t001.jpg
TAVEC_  TAVEC_ TAVEC_ TAVEC_ TAVEC_ TAVEC_ TAVEC_ TAVEC_ TAVEC_ TAVEC_P TAVEC_  TAVEC_

ERRORS ~ SD_FR_ IR_A_ IR_B_ LD_FR_ IR_B_ RFP CRI FRI TOTSMC  TOTCS
SMC SMC SMC SMC SRC

BAC —0.21
'TAVEC_DISCRIM -0.22 -0.29 032 035 036 —0.72 —-0.24 037 038
TAVEC_SDCR -0.22 —-0.34 062 059 021 063 —0.21 —0.29 -0.26 -0.18 —0.22 0.65 0.66
TAVEC_LDCR -0.17 —-0.34 052 053 0.19 057 —0.42 —0.25 —0.20 —0.16 058 065
TAVEC_RS -0.29 —0.21 035 036 035 —0.20 -0.20 038 0.42
'TAVEC_RS_LDCR -0.29 043 043 0.16 0.49 —0.40 -0.20 -0.18 0.48 054
‘TAVEC_RS_LDFR -0.35 046 044 0.19 057 —0.27 -0.23 -0.26 —0.18 051 059
TAVEC_IRI -0.20 -0.17 028 052 029 029 048 057
TAVEC_FTAS -0.29 -0.29 038 048 0.16 036 —0.27 -0.26 -0.18 047 0.61
TAVEC_TFRAS -0.28 -0.26 036 0.60 031 032 —0.19 ~0.21 ~0.16 055 074
TAVEC_IRB 027 0.18
TAVEC_LB_IRIA —0.21 017 028 020 025 026
TAVEC_SDFR —0.21 —0.34 0.66 058 022 050 —0.34 -0.27 —0.20 —0.19 0.63 0.70
'TAVEC_SDFR_FTAS —0.42 —0.25. -0.27 0.19 017 —0.31 —0.25
TAVEC_LDFR —0.24 -0.39 054 053 021 0.64 —031 -0.28 —0.28 —0.20 0.60 0.68
LM_LC —-0.22 0.19 -0.18
LMI_FRI -0.22 -0.16 022 -0.20 029
LMI_TRS3 —0.21 —0.21 0.16 0.18 -0.23 033
LMLTST —0.21 021 -0.17 020
LMII_RP

LMIL_TRS_AB —0.19 0.19 —-0.22 026

LMIL_TST





OPS/images/fpsyg-14-1239716-t002.jpg
Variable Prob R? d (IC 0.95)
TAVEC_LDFR 207.53 0.000 072 3.24 (265 3.84)
TAVEC_LDCR 198.20 0.000 071 3.17 (258 3.75)
TAVEC_SDCR 14699 0.000 065 2.73(2.203.26)
TAVEC_SDFR 14053 0.000 064 2.67(2.15:3.19)
TAVEC_TOTCS 89.81 0.000 053 2,13 (1.68; 2.59)
TAVEC_RS_LDFR 77.50 0.000 049 198 (154 2.42)
TAVEC_RS_LDCR 67.20 0.000 045 1.84(142:2.27)
TAVEC_TOTSMC 64.48 0.000 044 1.81(139;2.23)
TAVEC_TFRAS 59.57 0.000 042 174 (132 2.15)
TAVEC_IR_A_SMC 49.78 0.000 038 159 (119 1.99)
TAVEC_RS 49.50 0.000 038 158 (1.18; 1.98)
TAVEC_LD_FR_SMC 47.89 0.000 037 156 (116 1.95)
TAVEC_DISCRIM 4691 0.000 036 154 (115 1.94)
TAVEC_SD_FR_SMC 45.30 0.000 036 151(112;1.91)
TAVEC_FTA5 37.49 0.000 031 138 (1.00; 1.76)
LMI_TRS3 2327 0.000 022 1.09.(0.73; 1.44)
LMI_FRI 1944 0.000 019 099 (064 1.34)
LMII_TRS_AB 19.42 0.000 019 099 (0.64; 1.34)
TAVEC_IRI 19.04 0.000 018 098 (063; 1.33)
TAVEC_SDFR_FTAS 1740 0.000 017 094 (059 1.28)
LMIL_TST 14.48 0.000 014 0.86 (0.52; 1.20)
TAVEC_ERRORS 1386 0.000 014 084 (0.50; 1.18)
LMI_TST 1349 0.000 014 0.83 (0.49; 1.16)
TAVEC_CRI 8.92 0.000 009 067 (0.34; 1.00)
TAVEC_RFP 7.60 0.001 008 0.62(0.29;0.95)
TAVEC_IR_B_SMC 627 0.002 006 056 (0.24;0.89)
TAVEC_P 550 0.005 005 053 (0.20;0.85)
TAVEC_LB_IRIA 538 0.005 005 052 (0.20;0.84)
LM_LC 527 0.006 005 052 (019 0.84)
BAC 524 0.006 005 051 (0.19;0.84)
TAVEC_IR_B_SRC 478 0.009 005 049 (0.17;0.81)
LMII_RP 439 0.013 004 047 (0.15;0.79)
TAVEC_FRI 3.94 0.020 004 0.45(0.13;0.77)
TAVEC_IRB 351 0.030 003 0.42/0.10;0.74)
LMII_TRS 252 0.081 002

TAVEC_IR_A_SRC 138 0.251 0.00

TAVEC_LDCR_LDFR 077 0.462 0.00

TAVEC_TOTSRC 076 0.465 0.00

TAVEC_LDFR_SDFR 047 0.620 ~001

TAVEC_SD_FR_SRC 039 0.673 ~001

TAVEC_LD_FR_SRC 025 0.779 ~001

TAVEC_SDCR_LDCR 0.10 0.907 ~001

vl






OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Verbal memory and executive
components of recall in
adolescent binge drinkers












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Psychology






