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This study investigated the neuropsychological profile of college students who engage in binge drinking (BD) using comprehensive neuropsychological tests evaluating verbal/non-verbal memory, executive functions, and attention. Groups were determined based on scores on the Korean version of the Alcohol Use Disorder Identification Test (AUDIT-K) and Alcohol Use Questionnaire (AUQ). There were 79 and 81 participants in the BD and non-BD groups, respectively. We administered the Korean version of the California Verbal Learning Test (K-CVLT) and Rey-Osterrieth Complex Figure Test (RCFT) to evaluate verbal and non-verbal memory, respectively, and measured executive functions using the Wisconsin Card Sorting Test (WCST), Trail-Making Test, Controlled Oral Word Association Test and Stroop Color-Word Test. We administered the d2 test to evaluate attention. Neuropsychological performance was analyzed by multivariate analysis of variance. The BD group showed significantly poorer performance in the long-term free recall condition of the K-CVLT and delayed recall condition of the RCFT and completed significantly fewer categories on the WCST than the non-BD group. In addition, there were significant negative associations among the AUDIT-K total score, AUQ binge score, and long-term free recall score of the K-CVLT. There were significant negative associations between the total AUDIT-K score and delayed recall RCFT score, and between the total AUDIT-K total score and numbers of completed categories on the WCST. These results indicate that college students who participate in BD have difficulties with verbal/non-verbal memory and executive functions, and further suggest that excessive alcohol use could have detrimental effects on the hippocampal-prefrontal circuit even with a relatively short period of alcohol use.
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INTRODUCTION

It has long been accepted that chronic alcohol use has deleterious effects on the brain, leading to alcohol-related brain damage (Harper, 2009; Fritz et al., 2019). Individuals with alcohol-related brain damage display significant impairments in memory (Race and Verfaellie, 2012) and executive function (Maharasingam et al., 2013), in which dysfunctional hippocampal-prefrontal circuitry is implicated (Nunes et al., 2019).

Neuroimaging studies have shown that excessive alcohol consumption during adolescence or early adulthood, when the prefrontal cortex and parietal and temporal regions are still developing, is more detrimental to the brain than alcohol consumption at later times (Arnett, 2005; Spear, 2013). Binge drinking (BD), a pattern of drinking a large amount of alcohol within a short period followed by a period of abstinence (Wechsler and Nelson, 2001; Maurage et al., 2013), has attracted growing interest because BD is most prevalent among young adults, especially college students (Chun et al., 2003; Stephens and Duka, 2008). Although some recent studies have attempted to conceptualize and redefine BD (Maurage et al., 2020; Lannoy et al., 2021), BD is usually defined based on the quantity, speed, and frequency of alcohol consumption, as follows: 5 and 4 units of alcohol in males and females, respectively, more than once during the past 2 weeks; or 5 and 4 units of alcohol over a 2-h period, in males and females, respectively, leading to a blood alcohol concentration of 0.08 g/dL (Wechsler and Nelson, 2001; National Institute of Alcohol Abuse and Alcoholism [NIAAA], 2004).

Studies using structural neuroimaging techniques have reported structural abnormalities of cortical and subcortical areas in adolescents and young adults with BD. Reduced gray matter volumes, and thinner cortical tissues in frontal and temporal areas were observed in adolescents with BD compared to a non-BD group. In the former group, there was also a negative correlation between the number of binging episodes and frontal/parietal cortical thickness (Pfefferbaum et al., 2016). Subcortical areas, including the hippocampus (Medina et al., 2007; Meda et al., 2018) and cerebellum (Lisdahl et al., 2013), also exhibited decreased volumes in adolescents and young adults with BD compared to those without BD.

Functional alterations of brain systems involved in several cognitive domains, including working memory, inhibition and learning/memory, were also found in adolescents and young adults who engaged in BD. For example, young adults with BD exhibited greater activity in the dorsomedial prefrontal cortex during a working memory task (Campanella et al., 2013), and adolescents with BD showed decreased activity in frontal regions during a spatial working memory task compared to those without BD (Squeglia et al., 2011). In addition, young adults with BD exhibited greater activity in the frontal cortex, anterior cingulate cortex and insular during the Go/NoGo task, which measures inhibition ability, than those without BD (Ames et al., 2014). During a verbal paired associates task, adolescents with BD exhibited decreased activity in the inferior frontal region, but increased activity in the dorsal frontal and parietal regions, compared to those without BD (Schweinsburg et al., 2011).

In line with neuroimaging results, adolescents and young adults with BD exhibit impairments in a variety of cognitive domains. Particularly, neuropsychological studies of BD have focused on executive functions and memory/learning, which are mainly controlled by the prefrontal cortex and medial temporal cortex, respectively. Among the executive functions, inhibition, decision-making, and working memory have been studied most extensively (Carbia et al., 2018). Young adults with BD showed poorer performance on inhibition tasks, which measure the ability to inhibit pre-potent responses or mental representations, than those without BD (Czapla et al., 2015), although other studies did not observe significant differences between them (Moreno et al., 2012; Salas-Gomez et al., 2016). In addition, young adults with BD showed impaired decision-making abilities, which were measured by the Iowa Gambling Task (Xiao et al., 2009; Yoo and Kim, 2016). Regarding working memory, particularly spatial working memory, young female adults with BD exhibited poor performance (Townshend and Duka, 2005; Scaife and Duka, 2009), although other studies did not find significant differences between BD and non-BD female groups (Hartley et al., 2004). Adolescents and young adults with BD also showed verbal memory dysfunction (Carbia et al., 2017; Meda et al., 2018), although other studies did not observe significant differences in performance on verbal memory tasks between young adult BD and non-BD groups (Salas-Gomez et al., 2016).

The contradictory findings of neuropsychological and functional neuroimaging studies seem to be related to the use of different paradigms, tasks and definitions of BD. For example, the Go/NoGo task (Ames et al., 2014), Stop Signal task (Fernie et al., 2010) and Stroop Color-Word task (Salas-Gomez et al., 2016) have all been used to evaluate inhibition ability. Also, although most studies agreed regarding the definition of BD, they used different criteria in terms of the frequency of binge episodes (Severine et al., 2019).

Given that BD in college increases the likelihood of future development of alcohol use disorder (AUD) (O’Neill et al., 2001; Jennison, 2004), and the fact that college students with BD have difficulties with academic and social adjustment (Cha, 2005; Haller et al., 2010), the present study investigated the neuropsychological profile of college students who engage in BD using comprehensive neuropsychological tests. Neuropsychological assessments in various cognitive domains would promote understanding of the nature and degree of cognitive impairment, as well as its functional implications for individuals with BD. A neuropsychological profile also provides valuable insight regarding the most appropriate prevention and intervention strategies for individuals who engage in BD.



MATERIALS AND METHODS


Participants

The participant-selection procedures used herein have been described in previous studies by our research group (Yoo and Kim. 2016). We administered the Korean version of the Alcohol Use Disorder Identification Test (AUDIT-K, Barbor et al., 1992; Lee et al., 2000) and Alcohol Use Questionnaire (AUQ, Mehrabian and Russell, 1978), and a questionnaire containing items about the frequency of BD episodes in the previous 2 weeks and age of onset of alcohol consumption, to 1,030 college students.

Participants with total scores of 12–25 on the AUDIT-K (Kim et al., 1999; Lee et al., 2000) who drank five (male) or four (female) glasses more than once during the last 2 weeks (Wechsler and Nelson, 2001), and more than three (male) or two (female) glasses per hour (National Institute of Alcohol Abuse and Alcoholism [NIAAA], 2004), were included in the BD group. A score ≥26 on the AUDIT-K indicates the possibility of alcohol dependence (Kim et al., 1999). Those with total scores less than 8 on the AUDIT-K who drank less than five (male) or four (female) glasses during the last 2 weeks, and less than two (male) or one (female) glasses per hour, were included in the non-BD group. One glass contains approximately 12 g ethanol. Thus, in this study, BD was defined based on the quantity, frequency and speed of alcohol consumption.

The Korean version of the Children of Alcoholics Screening Test (CAST-K, Jones, 1983; Kim et al., 1995) was administered as parents’ alcohol use can affect their offspring’s alcohol use (Ary et al., 1993). A score ≥6 on the CAST-K indicates the possibility of participants’ parents had a history of AUD (Kim et al., 1995), therefore, participants who scored ≥6 score were excluded from this study. In addition, the Korean Wechsler Intelligence Scale (KWIS, Yum et al., 1992), Self-Rating Depression Scale (SDS, Zung et al., 1965), and State-Trait Anxiety Inventory (STAI, Spielberger et al., 1970) were administered to control for levels of intelligence, depression, and anxiety, respectively, since intelligence and emotion can affect performance of the neuropsychological tests (Lezak, 2012). To ensure that participants did not have neurological disorders, psychiatric disorders, or drug/alcohol abuse, the Structured Clinical Interview for DSM-IV-Non Patient (SCID-NP, First et al., 1996) was administered.

Following application of the inclusion and exclusion criteria, and the exclusion of those who refused to participate, 79 (males, n = 22; females, n = 57; age range, 18 ∼ 27 years) and 81 (males, n = 17; females, n = 64; age range, 18 ∼ 27 years) participants were classified into the BD and non-BD groups, respectively. This study was approved by Sungshin Women’s University Institutional Bioethics Review Board (SSWUIRB, 2019-020). All participants provided written informed consent after receiving a complete description of the study and received remuneration for their participation.



Neuropsychological Measurements

For the evaluation of verbal and visuospatial memory, the Korean version of California Verbal Learning Test (K-CVLT) and Rey-Osterrieth Complex Figure Test (RCFT) were administered, respectively. The K-CVLT (Delis et al., 1987; Kim and Kang, 1999) consists of five free-recall trials of list A, followed by a free-recall trial of list B and short-term free and cued recalls of list A. After a 20-min delay, long-term free/cued recalls of list A and recognition tests were administered. The total numbers of responses to free recall trials 1–5, free recall of list B, and the short- and long-term free-recalls of list A, were recorded. The RCFT, which was administered to evaluate visuospatial memory (Lezak, 2012), involves three conditions: copying, immediate recall (3 min after copying), and 30-min delayed recall, and a recognition trial. Accuracy and response times were calculated for each condition based on the system developed by Meyers and Meyers (1995).

Executive functions were evaluated by the Wisconsin Card Sorting Test (WCST), Trail-Making Test (TMT), Controlled Oral Word Association Test (COWA), and Stroop Color Word Test. The WCST, which requires sorting cards based on color, number, and shape, measures problem-solving, abstract thinking, and mental-set shifting (Lezak, 2012). The numbers of total errors, perseverative errors, and categories completed were determined based on the scoring system developed by Heaton et al. (1993). The TMT consists of two parts, A and part B, which involve connecting digits with a line, and alternately connecting digits and letters, respectively. The TMT is sensitive for evaluating the ability to shift mental sets and control attention (Lezak, 2012). The total numbers of errors and response times were scored. The COWA, which is widely used to evaluate frontal lobe functions including controlled attention (Stuss and Benson, 1986), requires participants to respond to many words beginning with a particular letter and belonging to a particular category. The total numbers of responses were recorded by letter and category. The Stroop Color-Word Test is widely used for measuring interference control (Rapport et al., 2001), and the numbers of words read correctly during 45 s were counted (Golden, 1978). The interference control was calculated as follows; score of color-word condition–[(score of word condition × score of color condition) / (score of word condition + score of color condition)] (Golden, 1978; van Mourik et al., 2005).

The d2 test (Brickenkamp and Zillmer, 1998), which measures selective attention, requires participants to detect a target as quickly and accurately as possible. The total number of errors was determined, and concentration index was measured by subtracting number of commission errors from the total number of correct responses. Neuropsychological tests were administered during a single session that lasted about 2 h.



Statistical Analysis

The demographic characteristics of the BD and non-BD groups were analyzed using independent t-tests. Neuropsychological performance was analyzed by multivariate analysis of variance (MANOVA). All p-values were Bonferroni-corrected, and p < 0.05 was considered to be statistically significant. Associations between performance on the neuropsychological tests and BD severity were analyzed using the Pearson product-moment correlation coefficient. All statistical analyses were carried out using SPSS software (version 26.0; IBM Corp., Armonk, NY, United States). The Kolmogorov-Smirnov test and the Q-Q plot were used to ascertain whether data was normally distributed (Vetter, 2017).




RESULTS


Demographic Characteristics

The demographic characteristics of the BD and non-BD groups are described in Table 1. The two groups did not differ in age [t(158) = −0.30, p = 0.77], educational level [t(158) = −0.52, p = 0.60], SDS score [t(158) = 0.64, p = 0.52], STAI state anxiety score [t(158) = 0.64, p = 0.52], STAI trait anxiety score [t(158) = 1.63, p = 0.10], or total IQ score on the KWIS [t(158) = −0.76, p = 0.45]. However, the groups differed significantly in terms of the total AUDIT-K score [t(158) = 33.59, p < 0.001], drinking speed [t(158) = 21.00, p < 0.001], frequency of drunkenness within the last 6 months [t(158) = 7.31, p < 0.001], percentage of drinking occasions resulting in drunkenness [t(158) = 7.85, p < 0.001], and AUQ binge score [t(158) = 16.35, p < 0.001].


TABLE 1. Demographic characteristics of the binge drinking and non-binge drinking groups.
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Neuropsychological Measures

The MANOVA revealed significant differences in performances on the K-CVLT, RCFT, and WCST between the BD and non-BD groups. In terms of the K-CVLT, the BD group showed significantly poorer long-term free recall performance for list A than the non-BD group [F(1,158) = 6.33, p = 0.013, η2p = 0.039]. Individuals with BD also exhibited lower scores in the delayed recall condition of the RCFT [F(1,158) = 4.03, p = 0.046, η2p = 0.025] and completed fewer categories on the WCST [F(1,158) = 3.97, p = 0.048, η2p = 0.024] compared to those without BD. The performances of the BD and non-BD groups on the neuropsychological measures are presented in Table 2. Figure 1 presents the performances of the BD and non-BD groups on the long-term free recall of the K-CVLT and delayed recall condition of the RCFT.


TABLE 2. Neuropsychological performance of the binge drinking and non-binge drinking groups.
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FIGURE 1. Performance of the Korean version of the California Verbal Learning Test (K-CVLT) and Rey-Osterrieth Complex Figure Test (RCFT) in the binge and non-binge drinking groups. *p < 0.05.




Correlations Between Binge Drinking and Performance on the Neuropsychological Tasks

There were significant negative correlations between the AUDIT-K total score and long-term free recall score for list A of the K-CVLT [r = −0.190, p < 0.01], and between the AUQ binge score and long-term free recall score for list A of the K-CVLT [r = −0.198, p < 0.01]. In addition, there were significant negative associations between the AUDIT-K total score and delayed-recall RCFT score [r = −0.161, p < 0.05], and between the AUDIT-K total score and numbers of completed categories of the WCST [r = −0.173, p < 0.05]. These correlations were observed in individuals with BD, but not in those without BD.




DISCUSSION

Since cognitive impairment affects the functional outcomes of patients with AUD (Heirene et al., 2016), and cognitive difficulties observed in patients with AUD are also found in individuals with BD (Mota et al., 2013), the present study investigated the neuropsychological profile of college students who engage in BD. The BD and non-BD groups exhibited significant differences in performance on the measures evaluating verbal/non-verbal memory and cognitive flexibility.

College students with BD performed worse in terms of long-term free recall of list A of the K-CVLT than those without BD. In addition, there were significant negative correlations of the AUDIT-K total score and AUQ binge score with the long-term free recall score for list A of the K-CVLT. In other words, individuals with BD have difficulties with verbal memory, where additional alcohol consumption correlated with poorer performance on a scale measuring long-term verbal memory.

Previous studies have also reported that young adults with BD have verbal memory difficulties. For example, Parada et al. (2011), Mota et al. (2013), and Carbia et al. (2017) found that college students with BD performed worse in the immediate and delayed recall conditions of the logical memory subtest of the Wechsler Memory Scale-III than those without BD. Sneider et al. (2013) also observed that young adults with BD recalled significantly fewer words on trials 1∼5 of the CVLT than those without BD. In addition, Meda et al. (2018) investigated the effect of alcohol consumption on the hippocampus and parahippocampus in college students over 2 years, and found that a higher alcohol use index, i.e., greater alcohol consumption, was associated with an accelerated decline of gray matter in the hippocampus/parahippocampus, and a larger reduction of hippocampal volume was in turn associated with poor memory performance, as measured by the CVLT. Therefore, the present results indicate that college students who participate in BD have difficulties in verbal memory, and these difficulties seem to be related to structural alterations of medial temporal regions including the hippocampus which are involved in verbal memory function.

Individuals with BD also showed poorer performance in the delayed recall condition of the RCFT compared to those without BD, and there was a significant negative association between the total AUDIT-K score and score in the delayed recall condition of the RCFT. These results are consistent with those of previous studies reporting poorer performance in the delayed recall condition of the RCFT in adolescents and young adults with BD compared to those without BD (Hartley et al., 2004; Squeglia et al., 2009; Winward et al., 2014; Kim et al., 2020).

Although the mechanisms underlying the visual memory difficulties observed in individuals with BD are not yet fully understood, alterations in functional connectivity of the brain seem to be related to visual memory impairments. For example, Kim et al. (2020) observed significantly lower delayed recall RCFT score in college students with BD compared to those without BD, and a significant positive association between left prefrontal-parietal occipital midline functional connectivity and performance in the delayed recall condition of the RCFT only in the BD group.

The RCFT is also known to be sensitive for assessment of executive functions, including organization and planning. For example, previous studies found that organizational strategies, evaluated via qualitative analysis of RCFT data, mediated visual memory deficits in patients with obsessive-compulsive disorder (Savage et al., 1999; Shin et al., 2004) and schizophrenia (Kim et al., 2008). Although studies about associations between executive functions and non-verbal memory using the RCFT in individuals with BD have not yet been reported, the difficulties with non-verbal memory observed in the present study could reflect difficulties of executive functions, such as organization and planning, in college students with BD.

The WCST, which is sensitive to prefrontal dysfunction (Demakis, 2003), has been widely used to evaluate executive functions (Rabin et al., 2005). Successful performance of the WCST requires strategic planning, the ability to use environmental feedback to shift cognitive set, goal-directed behavior, and the ability to inhibit impulsive responding (Stuss et al., 2006). Stephan et al. (2017) reported that the WCST is one of the most sensitive neuropsychological tests to detect changes resulting from alcohol abuse. In this study, individuals with BD completed fewer categories on the WCST compared to those without BD, and there was a significant association between the AUDIT-K total score and number of categories completed.

The number of categories completed refers to the number of sequences of 10 consecutive correct matches to the criterion sorting category and is the most common index used to assess cognitive control on the WCST along with perseverative errors (Stuss et al., 2006). Therefore, the present results indicate that individuals with BD have difficulties in cognitive control and these difficulties seem to be related to prefrontal dysfunction.

We administered TMT, COWA and Stroop Color-Word Test to evaluate components of executive functions, such as controlled attention and interference control, in addition to the WCST. We did not observe any significant differences between the BD and non-BD groups on the measures except the WCST. One possible explanation for the present results is that the deleterious effect of BD on the executive functions could be observed in a measure which is complicated and requires high-order cognitive functions such as the WCST (Faustino et al., 2021).

In addition, it is known that cognitive or behavioral changes emerge after alterations of the brain structure and function (Rubia et al., 2001). In other words, the emergence of behavioral deficits in the neuropsychological tasks require a somewhat long period of BD. For example, Lopez-Caneda et al. (2013) observed that young adults with BD and non-BD exhibited different EEG pattern, and the difference was more pronounced after 2 years of maintenance of BD. Furthermore, Gil-Hernandez and Garcia-Moreno (2016) observed better performance on some of the neuropsychological tests including the Stroop test in adolescents with BD than those without BD. The authors suggested that neurotoxic effects of BD on prefrontal cortex can be less evident in adolescence, but if BD persists the executive function would be exacerbated. As participants in the present study had a relatively short period of BD (the mean number of years of alcohol consumption in the BD group was 2.52), significant structural/functional alterations of brain and the resultant cognitive dysfunctions such as controlled attention or interference control could not be found.

The present study had several limitations that should be addressed in future studies. First, although the gender ratio between the BD and non-BD groups did not differ (χ2 = 0.874), we could not include equal numbers of male and female participants in each group. As significant differences in brain activation (Squeglia et al., 2011) and neuropsychological performance (Hartley et al., 2004; Townshend and Duka, 2005) between male and female binge drinkers have been observed, studies examining gender differences would provide insight into the nuanced effects of alcohol consumption on brain functions and cognition in male and female binge drinkers. Second, the important question of whether cognitive difficulties are present prior to BD and predict its onset, or whether BD induces the cognitive difficulties, has been posed recently. However, because of the cross-sectional and exploratory nature of this study, the direction of cognitive difficulties and BD onset cannot be ascertained. Future prospective longitudinal studies could provide answers to this question. Finally, college students who engage in BD are more likely to use other substances, including cigarettes and marijuana (Jones et al., 2001), so these substances should be controlled for in future studies.

In conclusion, college students with BD exhibited significantly poorer performance in the long-term free-recall condition of the K-CVLT and delayed recall condition of the RCFT, and completed fewer categories on the WCST than those without BD. In addition, there were significant negative associations of the AUDIT-K total score and AUQ binge score with the score in the long-term free-recall condition of the K-CVLT, between the scores for the ADUIT-K and delayed recall condition of the RCFT, and between the AUDIT-K score and number of completed categories on the WCST. These results indicate that college students with BD have difficulties with verbal/non-verbal memory and executive functions, which are controlled mainly by the hippocampus and prefrontal cortex, respectively. The present results also provide valuable information about the deleterious effects of BD on memory and executive function, even when the duration of BD is relatively short. Therefore, efforts reducing excessive alcohol consumption among college students should be done via individual interventions such as mobile technology-based interventions (Fowler et al., 2016) or structural interventions including college policies restricting places for alcohol consumption (Toomey et al., 2007).



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 study involving human participants was reviewed and approved by Sungshin Women’s University Institutional Review Board (SSWUIRB, 2019-020). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

M-SK helped in conceptualization, funding acquisition, writing of the manuscript, and supervised the overall aspects of the manuscript. J-GK contributed to recruit participants, administer, and score neuropsychological tests and interpretation of the results, and writing of the manuscript. Both authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation of Korea (NRF-2015S1A5A2A03047656).



REFERENCES

Ames, S. L., Wong, S. W., Bechara, A., Cappelli, C., Dust, M., Grenard, J. L., et al. (2014). Neural correlates of a Go/NoGo task with alcohol stimuli in light and heavy young drinkers. Behav. Brain Res. 274, 382–389. doi: 10.1016/j.bbr.2014.08.039

Arnett, J. J. (2005). The developmental context of substance use in emerging adulthood. J. Drug Issues 35, 235–254. doi: 10.1177/002204260503500202

Ary, D. V., Tildesley, E., Hops, H., and Andrews, J. (1993). The influence of parent, sibling, and peer modeling and attitudes on adolescent use of alcohol. Int. J. Addict. 28, 853–880. doi: 10.3109/10826089309039661

Barbor, T., La Fuente, J., Saunders, J., and Grant, M. (1992). AUDIT: The Alcohol use Disorders Identification Test: Guidelines for use in Primary Health Care. Geneva: World Health Organization.

Brickenkamp, R., and Zillmer, E. (1998). The d2 test of Attention. Washington, DC: Hogrefe & Huber Publishers.

Campanella, S., Peigneux, P., Petit, G., Lallemand, F., Saeremans, M., Noel, X., et al. (2013). Increased cortical activity in binge drinkers during working memory task: a preliminary assessment through a functional magnetic resonance imaging study. PLoS One 8:e62260. doi: 10.1371/journal.pone.0062260

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., Lopez-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

Cha, D. (2005). Understanding binge drinking: a test of the theory of planned behavior. Korean J. Journalism Commun. Stud. 49, 346–390. doi: 10.1111/j.2044-8287.2010.02010.x

Chun, S., Sohn, A., Song, C. H., Lee, J. Y., and Kim, S. K. (2003). Health and behavioral consequences of binge drinking in college: a national survey of students at 60 campuses. J. Korean Alcohol Sci. 4, 119–135.

Czapla, M., Simon, J. J., Friederich, H. C., Herpertz, S. C., Zimmermann, P., and Loeber, S. (2015). Is binge drinking in young adults associated with an alcohol-specific impairment of response inhibition? Eur. Addict. Res. 21, 105–113. doi: 10.1159/000367939

Delis, D. C., Kramer, J. H., Kaplan, E., and Obser, B. A. (1987). The California Verbal Learning test. San Antonio, TX: Psychological Cooperation.

Demakis, G. J. (2003). A meta-analytic review of the sensitivity of the Wisconsin Card Sorting test to frontal and lateralized frontal brain damage. Neuropsychology 17, 255–264. doi: 10.1037/0894-4105.17.2.255

Faustino, B., Oliveira, J., and Lopes, P. (2021). > Diagnostic precision of the Wisconsin Card Sorting test in assessing cognitive deficits in substance use disorders. Appl. Neuropsychol. Adult 28, 165–172. doi: 10.1080/23279095.2019.1607737

Fernie, G., Cole, J. C., Goudie, A. J., and Field, M. (2010). Risk taking but not response inhibition or delay discounting predict alcohol consumption in social drinkers. Drug Alcohol Depend. 112, 54–61. doi: 10.1016/j.drugalcdep.2010.05.011

First, M. B., Spitzer, R. L., Gibbon, M., and Williams, J. B. (1996). Structured Clinical Interview for DSM-? axis ? Disorders-non-Patient Edition (SCID-I/NP, Version 2.0). New York, NY: Biometrics Research Department, New York State Psychiatric Institute.

Fowler, L. A., Holt, S. L., and Joshi, D. (2016). Mobile technology-based interventions for adult users of alcohol: a systematic review of the literature. Addict. Behav. 62, 25–34. doi: 10.1016/j.addbeh.2016.06.008

Fritz, M., Klawonn, A. M., and Zahr, N. M. (2019). Neuroimaging in alcohol use disorder: from mouse to man. J. Neuro. Res. 1–19. doi: 10.1002/jnr.24423

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

Golden, C. J. (1978). The Stroop color and Word test. Chicago, IL: Stoelting Company.

Haller, M., Handley, E., Chassin, L., and Bountress, K. (2010). Developmental cascades: linking adolescent substance use, affiliation with substance use promoting peers and academic achievement to adult substance disorders. Dev. Psychopathol. 22, 899–916. doi: 10.1017/S0954579410000532

Harper, C. (2009). The neuropathology of alcohol-related brain damage. Alcohol Alcohol. 44, 136–140. doi: 10.1093/alcalc/agn102

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

Heaton, R. K., Chelune, G. J., Talley, J. L., Kay, G. G., and Curtis, G. (1993). Wisconsin Card Sorting Test (WCST) Manual, Revised and Expanded. Odessa, Fl: Psychological Assessment Resources.

Heirene, R., Roderique-Davies, G., Roberts, P., and John, B. (2016). Identification and evaluation of neuropsychological tools used in the assessment of alcohol-related brain damage: a systematic review protocol. Cogent Psychol. 3:1229841. doi: 10.1080/23311908.2016.1229841

Jennison, K. M. (2004). The short-term effects and unintended long-term consequences of binge drinking in college: a 10-year follow-up study. Am. J. Drug Alcohol Abuse 30, 659–684. doi: 10.1081/ada-200032331

Jones, J. (1983). The Children of Alcoholics Screening test: Test Manual. Chicago: Camelot Unlimited.

Jones, S. E., Oeltmann, J., Wilson, T. W., Brener, N. D., and Hill, C. V. (2001). Binge drinking among undergraduate college students in the united states: implication for other substance use. J. Am. Coll. Health 50, 33–38. doi: 10.1080/07448480109595709

Kim, B. M., Kim, M. S., and Kim, J. S. (2020). Alterations of functional connectivity during the resting state and their associations with visual memory in college students who binge drink. Front. Hum. Neurosci. 13:600437. doi: 10.3389/fnhum.2020.600437

Kim, J. K., and Kang, Y. Y. (1999). Korean-California Verbal Learning test. Seoul: Special Education Inc.

Kim, J. S., Oh, M. K., Park, B. K., Lee, M. K., and Kim, G. J. (1999). Screening criteria of alcoholism by alcohol use disorders identification test (AUDIT) in Korea. J. Korean Acad. Fam. Med. 20, 1151–1159.

Kim, M., Chang, H., and Kim, K. (1995). Development of the Korean version of the children of alcoholics screening test (CAST-K): a reliability and validity study. J. Korean Neuropsychiatr. Assoc. 34, 1182–1193.

Kim, M. S., Namgoong, Y., and Youn, T. (2008). Effect of organizational strategy on visual memory in patients with schizophrenia. Psychiatry Clin. Neurosci. 62, 427–434. doi: 10.1111/j.1440-1819.2008.01821.x

Lannoy, S., Baggio, S., Heeren, A., Dormal, V., Maurage, P., and Billieux, J. (2021). What is binge drinking? Insights from a network perspective. Addict. Behav. 117:106848. doi: 10.1016/j.addbeh.2021.106848

Lee, B., Lee, C., Lee, P., Choi, M., and Namkoong, K. (2000). Development of Korean version of alcohol use disorders identification test (AUDIT-K): its reliability and validity. J. Korean Acad. Addict. Psychiatry 4, 83–92.

Lezak, M. D. (2012). Neuropsychological Assessment, 5th Edn. New York, NY: Oxford.

Lisdahl, K. M., Thayer, R., Squeglia, L. M., Mcqueeny, T. M., and Tapert, S. F. (2013). Recent binge drinking predicts smaller cerebellar volumes in adolescents. Psychiatry Res. 211, 17–23. doi: 10.1016/j.pscychresns.2012.07.009

Lopez-Caneda, E., Cadaveira, F., Crego, A., Doallo, S., Corral, M., Gomez-Suarez, A., et al. (2013). Effects of a persistent binge drinking pattern of alcohol consumption in young people: a follow-up study using event-related potentials. Alcohol Alcohol. 48, 464–471. doi: 10.1093/alcalc/agt046

Maharasingam, M., Macriven, J. A. B., and Mason, O. J. (2013). Executive functioning in chronic alcoholism and Korsakoff syndrome. J. Clin. Exp. Neuropsychol. 35, 501–508. doi: 10.1080/13803395.2013.795527

Maurage, P., Bestelmeyer, P. E. G., Rouger, J., Charest, L., and Belin, P. (2013). Binge drinking influences the cerebral processing of vocal affective bursts in young adults. Neuroimage Clin. 3, 218–225. doi: 10.1016/j.nicl.2013.08.010

Maurage, P., Lannoy, S., Mange, J., Grynberg, D., Beaunieux, H., Banovic, I., et al. (2020). What we talk about when we talk about binge drinking: towards an integrated conceptualization and evaluation. Alcohol Alcohol. 55, 468–479. doi: 10.1093/alcalc/agaa041

Meda, S. A., Hawkins, K. A., Dager, A. D., Tennen, H., Khadka, S., Austad, C. S., et al. (2018). Longitudinal effects of alcohol consumption on the hippocampus and parahippocampus in college students. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 3, 610–617. doi: 10.1016/j.bpsc.2018.02.006

Medina, K. L., Schweinsburg, A. D., Cohen-Zion, M., Nagel, B. J., and Tapert, S. F. (2007). Effects of alcohol and combined marijuana and alcohol use during adolescene on hippocampal volume and asymmetry. Neurotoxicol. Teratol. 29, 141–152. doi: 10.1016/j.ntt.2006.10.010

Mehrabian, A., and Russell, J. A. (1978). A questionnaire measure of habitual alcohol use. J. Psychol. Rep. 43, 803–806. doi: 10.2466/pr0.1978.43.3.803

Meyers, J. E., and Meyers, K. R. (1995). Rey Complex Figure Test and Recognition Trial: Professional Manual. Odessa, FL: Psychological Assessment Resources.

Moreno, M., Estevez, A. F., Zaldivar, F., Montes, J. M. G., Gutierrez-Ferre, V. E., Esteban, L., et al. (2012). Impulsivity differences in recreational cannabis users and binge drinkers in a university population. Drug Alcohol Depend. 124, 355–362. doi: 10.1016/j.drugalcdep.2012.02.011

Mota, N., Parada, M., Crego, A., Doallo, S., Caamano-Isorna, F., Rodriguez Holguin, S., 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

National Institute of Alcohol Abuse and Alcoholism [NIAAA] (2004). NIAAA council approves definition of binge drinking. NIAAA Newslett. 3, 1–4.

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.im.2019.09.002

O’Neill, S. E., Parra, G. R., and Sher, K. J. (2001). Clinical relevance of heavy drinking during the college years: cross-sectional and prospective perspectives. Psychol. Addict. Behav. 15, 350–359. doi: 10.1037/0893-164X.15.4.350

Parada, M., Corral, M., Caamano-Isorna, F., Mota, N., Crego, A., Rodriguez-Holguin, 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

Pfefferbaum, A., Rohlfing, T., Pohl, K. M., Lane, B., Chu, W., Kwon, D., et al. (2016). Adolescent development of cortical and white matter structure in the NCANDA sample: role of sex, ethnicity, puberty, and alcohol drinking. Cereb. Cortex 26, 4101–4121. doi: 10.1093/cerecor/bhv205

Rabin, L. A., Barr, W. B., and Burton, L. A. (2005). Assessment practices of clinical neuropsychologists in the United States and Canada: a survey of INS, NAN, and APA division 40 members. Arch. Clin. Neuropsychol. 20, 33–65. doi: 10.1016/j.acn.2004.02.005

Race, E., and Verfaellie, M. (2012). Remote memory function and dysfunction in Korsakoff’s syndrome. Neuropsychol. Rev. 22, 105–116. doi: 10.1007/s11065-012-9197-y

Rapport, L. J., Van Voorhis, A., Tzelepis, A., and Friedman, S. R. (2001). Executive functioning in adult attention-deficit hyperactivity disorder. Clin. Neuropshologist 15, 479–491. doi: 10.1076/clin.15.4.479.1878

Rubia, K., Russell, T., Bullmore, E. T., Soni, W., Brammer, M. J., Simmons, A., et al. (2001). An fMRI study of reduced left prefrontal activation in schizophrenia during normal inhibitory function. Schizophr. Res. 52, 47–55. doi: 10.1016/S0920-9964(00)00173-0

Salas-Gomez, D., Fernandez-Gorgojo, M., Pozueta, A., Diaz-Ceballos, I., Lamarain, M., Perez, C., et al. (2016). Binge drinking in young university students is associated with alterations in executive functions related to their starting age. PLoS One 11:e0166834. doi: 10.1371/journal.pone.0166834

Savage, C. R., Baer, L., Keuthen, N. J., Brown, H. D., Rauch, S. L., and Jenike, M. A. (1999). Organizational strategies mediate nonverbal memory impairment in obsessive-compulsive disorder. Biol. Psychiatry 45, 905–916. doi: 10.1016/S0006-3223(98)00278-9

Scaife, J. C., and Duka, T. (2009). Behavioral 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., Schweinsburg, B. C., Nagel, B. J., Eyler, L. T., and Tapert, S. F. (2011). Neural correlates of verbal learning on adolescent alcohol and marijuana users. Addiction 106, 564–573. doi: 10.1111/j.1360-0443.2010.03197.x

Severine, L., Joel, B., Valerie, D., and Pierre, M. (2019). Behavioral and cerebral impairments associated with binge drinking in youth: a critical review. Psychol. Belg. 59, 116–155. doi: 10.5334/pb.476

Shin, M. S., Park, S. J., Kim, M. S., Lee, Y. H., Ha, T. H., and Kwon, J. S. (2004). Deficits of organizational strategy and visual memory in obsessive-compulsive disorder. Neuropsychology 18, 665–672. doi: 10.1037/0894-4105.18.4.665

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. (Suppl. 7). doi: 10.4172/2155-6105.S7-006

Spear, L. P. (2013). Adolescent neurodevelopment. J. Addict. Res. Ther. 52, S7–S13. doi: 10.1016/j.jadohealth.2012.05.006

Spielberger, C. D., Gorsuch, R. L., Lushene, R. E., Vagg, P. R., and Jacobs, G. A. (1970). Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologists.

Squeglia, L. M., Schweinsburg, A. D., Pulido, C., and Tapert, S. F. (2011). Adolescent bingedrinking linked to abnormal spatial working memory brain activation: differential gender effects. Alcohol Clin. Exp. Res. 35, 1831–1841. doi: 10.1111/j.1530-0277.2011.01527.x

Squeglia, L. M., Spadoni, A., Infante, M. A., Myers, M. G., and Tapert, S. F. (2009). Initiatingmoderate to heavy alcohol use predicts changes in neuropsychological functioning for adolescent girls and boys. Psychol. Addict. Behav. 23, 715–722. doi: 10.1037/a0016516

Stephan, R. A., Alhassoon, O. M., Allen, K. E., Wollman, S. C., Hall, M., Thomas, W. J., et al. (2017). Meta-analysis of clinical neuropsychological tests of executive dysfunction and impulsivity in alcohol use disorder. Am. J. Drug Alcohol Abuse 43, 24–43. doi: 10.1080/00952990.2016.1206113

Stephens, D. N., and Duka, T. (2008). Review. Cognitive and emotional consequences of binge drinking: role of amygdala and prefrontal cortex. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 363, 3169–3179. doi: 10.1098/rstb.2008.0097

Stuss, D. T., and Benson, D. F. (1986). The Frontal Lobes. New York, NY: Raven Press.

Stuss, E., Sherman, E. M. S., and Spreen, O. (2006). A Compendium of Neuropsychological tests: Administration, Norms, and Commentary, 3rd Edn. New York, NY: Oxford University Press.

Toomey, T. L., Lenk, K. M., and Wagenaar, A. C. (2007). Environmental policies to reduce college drinking: an update of research findings. J. Stud. Alcohol Drugs 68, 208–219. doi: 10.15288/jsad.2007.68.208

Townshend, J. M., and Duka, T. (2005). Binge drinking, cognitive performance and mood in apopulation of young social drinkers. Alcohol Clin. Exp. Res. 29, 317–325. doi: 10.1097/01.ALC.0000156453.05028.F5

van Mourik, R., Oosterlaan, J., and Sergeant, J. A. (2005). The Stroop revisited: a meta-analysis of interference control in AD/HD. J. Child Psychol. Psychiatry 46, 150–165. doi: 10.1111/j.1469-7610.2004.00345.x

Vetter, T. R. (2017). Fundamentals of research data and variables: the devil in in the details. Anesth. Analg. 125, 1375–1380. doi: 10.1213/ANE.0000000000002370

Wechsler, H., and Nelson, T. F. (2001). Binge drinking and the American college student:what’s five drinks? Psychol. Addict. Behav. 15, 287–291. doi: 10.1037/0893-164X.15.4.287

Winward, J. L., Hanson, K. L., Bekman, N. M., Tapert, S. F., and Brown, S. A. (2014). Adolescent heavy episodic drinking: neurocognitive functioning during early abstinence. J. Int. Neuropsychol. Soc. 20, 218–229. doi: 10.1017/S1355617713001410

Xiao, L., Bechara, A., Grenard, L. J., Stacy, W. A., Palmer, P., Wei, Y., et al. (2009). Affective decision-making predictive of Chinese adolescent drinking behaviors. J. Int. Neuropsychol. Soc. 15, 547–557. doi: 10.1017/S1355617709090808

Yoo, J. Y., and Kim, M. S. (2016). Deficits in decision-making and reversal learning in college students who participate in binge drinking. Neuropsychiatry 6, 321–330. doi: 10.4172/Neuriosychiatry.1000156

Yum, T. H., Park, Y. S., Oh, K. J., Kim, J. G., and Lee, Y. H. (1992). The Manual of Korean-Wechsler Adult Intelligence Scale. Seoul: Guidance.

Zung, W. W., Richards, C. B., and Short, M. J. (1965). Self-rating depression scale in an outpatient clinic. Further validation of the SDS. Arch. Gen. Psychiatry 13, 508–515. doi: 10.1001/archpsyc.1965.01730060026004


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.

Copyright © 2022 Kang and Kim. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-13-873654-g001.jpg
17.00

16.00

14.00

13.00

12.00

List A long-term free recall score

11.00

10.00

15.00 -

Delayed recall score

30.00

25.00

20.00

15.00

10.00

5.00

0.00

HBD
H Non-BD





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neuropsychological Profile of College Students Who Engage in Binge Drinking



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		Neuropsychological Measurements



		Statistical Analysis







		RESULTS



		Demographic Characteristics



		Neuropsychological Measures



		Correlations Between Binge Drinking and Performance on the Neuropsychological Tasks







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















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

Neuropsychological Profile
of College Students Who
Engage in Binge Drinking









OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology





OPS/images/fpsyg-13-873654-t001.jpg
Non-binge drinking group (n = 81) Binge drinking group (n = 79) t
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Drinking speed (drinks/hour) 0.75 (0.56) 4.23 (1.38) 21.00*
Frequency of drunkenness within the last 6 months 012 0.43) 7.14 (8.63) 7.317
Percentage of drinking occasions resulting in drunkenness (%) 11.27 (25.19) 46.23 (30.91) 785"
AUQ binge drinking score 5.40 (5.65) 33.33 (14.27) 16.35"**
***p < 0.001.

SDS, self-rating depression scale; STAI, Spielberger’s state-trait anxiety inventory; KWIS, the Korean Wechsler intelligence scale; AUDIT-K, the Korean version of alcohol
use disorder identification test; AUQ, alcohol use questionnaire.
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Mean (SD) Mean (SD)
RCFT
Response time (ms)

Copy 147.90 (41.56) 143.58 (52.82) 0.566
Immediate recall 176.48 (89.95) 159.03 (64.03) 0.160
Delayed recall 118.75 (49.72) 117.24 (48.34) 0.846

Accuracy
Copy 33.05 (1.96) 32.31 (2.82) 0.056
Immediate recall 21.80 (5.40) 20.47 (5.46) 0.124
Delayed recall 21.89 (5.45) 20.19 (5.25) 0.046*
Recognition 19.99 (2.52) 20.35 (1.99) 0.309

K-CVLT
List A trials 1-5 66.26 (7.91) 64.46 8.11) 0.156
List B trial 9.09 (2.24) 8.85 (2.40) 0.517
List A short-term free recall 14.46 (1.57) 13.99 (2.10) 0.111
List A long-term free recall 15.10 (1.26) 14.53 (1.58) 0.013"

WCST
Total number of errors 14.52 (9.46) 16.86 (14.04) 0.217
Perseverative errors g (6.07) 8.18 (6.69) 0.701
Categories completed 5.91 (0.50) 565 (1.10) 0.048*

T™MT

Response time (ms)
Part A 27.93 (9.31) 26.52 (8.28) 0.314
Part B 57.80 (19.96) 55.54 (16.72) 0.428
Error
Part A 0.01 (0.11) 0.00 (0.00) 0.325
Part B 0.21 (0.49) 0.22 (0.50) 0.946

COWA
Letter 44.32 (11.10) 42.67 (8.52) 0.294
Category 39.33 (8.53) 38.71 (15.72) 0.642

Stroop

Accuracy
Word 84.90 (10.44) 85.50 (13.83) 0.758
Color 73.99 (10.11) 74.01 (11.21) 0.988
Word/Color 54.49 (11.76) 55150 (9.82) 0.560
Interference Control 15.11 (10.61) 16.00 (7.43) 0.547
d2 Test
Total number of errors 16.25 (15.16) 16.75 (12.99) 0.823
Concentration performances 227.06 (39.33) 228.00 (37.36) 0.877

*p < 0.05.

RCFT, rey-osterieth complex figure test; K-CVLT, the Korean version of the California verbal learning test; WCST, Wisconsin card sorting test; TMT, trail-making test;
COWA, controlled oral word association test; Stroop, stroop color-word test.





