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Abstract 

Background: Binge drinking (BD), which is characterized by sporadic consumption of large 

quantities of alcohol in short periods, is prevalent among university students. Animal studies have 

shown that BD is associated with damage to the hippocampus, a region of the brain that plays a key 

role in learning and memory. The temporal cortex undergoes structural and functional changes 

during adolescence. The aim of the present study was to examine the association between BD and 

declarative memory in male and female university students. Methods: The participants were 122 

students (between 18 and 20 years of age): 62 BD (30 women) and 60 non-BD (29 women). The 

neuropsychological assessment included the Rey Auditory Verbal Learning Test (RAVLT) and 

Weschler Memory Scale-3rd ed. (WMS-III) Logical Memory subtest, to evaluate verbal declarative 

memory, and the WMS-III Family Pictures subtest, to measure visual declarative memory. Results: 

The BD students remembered fewer words in the interference list and displayed greater proactive 

interference in the RAVLT; they performed worse in the Logical Memory subtest, both on 

immediate and delayed recall. There were no differences between the groups in performance of the 

Family Pictures subtest. No significant interactions were observed between BD and sex. 

Conclusions: Binge drinking is associated with poorer verbal declarative memory, regardless of 

sex. The findings are consistent with the vulnerability of the adolescent hippocampus to the 

neurotoxic effects of alcohol. Longitudinal studies will help determine the nature of this 

relationship, the neurodevelopmental trajectories for each sex, and the repercussions on academic 

performance. 
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Introduction 

Binge drinking (BD) is characterized by sporadic consumption of large quantities of alcohol in 

short periods. It is usually defined as the consumption of 5 or more alcoholic drinks (4 or more in 

the case of women) on a single occasion (within 2 hours, according to the National Institute on 

Alcohol Abuse and Alcoholism), at least once in the previous 2 weeks ⁄ 1 month (Courtney and 

Polich, 2009). Epidemiological studies have noted a high prevalence of this pattern of consumption 

among adolescents and young adults, especially university students (Anderson, 2007; Hibell et al., 

2004; Kypri et al., 2009; O’Malley et al., 1984; Wechsler et al., 2002; White et al., 2006). In the 

U.S.A., the prevalence of BD among young people is so high (around 40%) that this pattern of 

consumption and its consequences are now considered one of the most important health problems 

in the country (Department of Health and Human Services, 2002; Wechsler et al., 2002). Although 

the phenomenon has been less well studied in Europe, it has been reported that 24% of young adults 

between 15 and 24 years old show a BD pattern of alcohol consumption (Eurobarometer, 2007), 

and that there has been an increase (2%) in the prevalence of BD in the past 10 years (Anderson, 

2007). In Spain, in a sample of 2,700 university students between 18 and 19 years old, 12.2% 

exhibited a BD pattern, with a prevalence of 8.7% 2 years later (Caamañ o-Isorna et al., 2008; Mota 

et al., 2010). 

Despite this frequent pattern of alcohol consumption among teenagers and young adults, the effect 

of BD on adolescent neurodevelopment and brain functioning is still unclear. During adolescence, 

understood to be the period spanning the second decade of life, important structural and functional 

changes take place in the nervous system, especially in the prefrontal cortex and the mesolimbic 

regions (Crews et al., 2007; Lenroot and Giedd, 2006; Spear, 2000; Yurgelun-Todd, 2007). In 

addition, animal studies with rats have demonstrated that the adolescent brain is more vulnerable to 

the neurotoxic effects of alcohol than the adult brain (Guerri and Pascual, 2010; White and 

Swartzwelder, 2005). One structure that appears particularly sensitive to the neurotoxic effects 

during adolescence is the hippocampus (Chin et al., 2010; White and Swartzwelder, 2004, 2005), a 

region that plays an important role in learning and declarative memory (Burgess et al., 2002; 

Eichenbaum, 1999; Teyler and Rudy, 2007; Van Petten, 2004). A study on adolescent nonhuman 

primates has provided evidence of a neurotoxic effect of intensive consumption of alcohol on 

neurogenesis of the hippocampus (Taffe et al., 2010). Also, alcohol inhibits the induction of long-

term potentiation and N-Methyl-d-Aspartate (NMDA) receptor-mediated synaptic potential more 

potently in the hippocampus of adolescent rats than in that of adult rats (Li et al., 2002; Pyapali et 
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al., 1999; Swartzwelder et al., 1995a,b). Similarly, although some studies have shown contrary 

results (Schulteis et al., 2008; White et al., 2000), adolescent rats subjected to a BD pattern of 

alcohol consumption displayed increased cell death in the neocortex, hippocampus, and cerebellum, 

and long-lasting difficulties in learning and memory relative to adult rats subjected to the same BD 

pattern (Pascual et al., 2007). The lack of consensus between the different studies may be because 

of methodological differences (in, e.g., ethanol exposure, test paradigm, data analysis strategies) 

(Chin et al., 2010). 

In humans, adolescents with alcohol use disorders (AUD) have a smaller hippocampal volume than 

healthy subjects (De Bellis et al., 2000; Medina et al., 2007; Nagel et al., 2005), and greater 

differences are observed in the left hemisphere (Medina et al., 2007; Nagel et al., 2005). Moreover, 

BD subjects also perform less well in neuropsychological tasks that assess verbal and visuospatial 

declarative memory than healthy controls (Brown et al., 2000; Sher et al., 1997; Tapert and Brown, 

1999; Tapert et al., 2002). 

To date, very few studies with human adolescents have investigated the effects of the BD pattern on 

declarative memory (Garcí a-Moreno et al., 2008, 2009; Hartley et al., 2004; Schweinsburg et al., 

2010). Hartley and colleagues (2004) compared the neuropsychological performance of 27 

university students (aged 18 to 23 years) distributed in 2 groups according to their patterns of 

alcohol consumption: 14 binge drinkers (5 women with a consumption of 10 or more alcoholic 

drinks on a single occasion), and 13 abstainers (7 women who did not consume alcohol). The 

authors reported that BD students performed modestly lower than the abstainers (p = 0.08) in the 

delayed recall of a visual memory task (in which they were asked to recall a series of 20 drawings 

after a period of 25 minutes). The performance was similar in men and women binge drinkers. 

There were no differences in performance of a word-learning task (in which subjects were required 

to recall terms from a list of 36 words 25 minutes after their presentation). 

García-Moreno and colleagues (2008, 2009) assessed university students (aged 18 to 20 years) 

distributed in 3 groups: abstainers; moderate consumers of 4 or less alcoholic drinks on a single 

night; and abusive consumers who drank 5 or more drinks on a single night. Moderate and abusive 

consumers performed significantly less well in a word-learning test than those who did not consume 

alcohol. The authors attributed these differences to difficulties in execution rather than memory, 

because the performance was characterized by higher numbers of perseverations, intrusions, and 

false positive. Conversely, there were no differences between the groups in a visuospatial memory 

task (Benton Visual Retention Test). 
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Schweinsburg and colleagues (2010) conducted a functional MRI study to determine whether there 

were any differences between 12 high school binge drinkers (10 men) and 12 (4 women) 

demographically similar nondrinkers (aged 16 to 18 years). The authors reported that in comparison 

with non-drinkers, binge drinkers (5 or more drinks per occasion, 4 or more for women) displayed 

greater responses in frontal and parietal regions, no hippocampal activation to novel word pairs, and 

lower recall. The authors interpreted these results as possibly indicating greater reliance on alternate 

memory systems (working memory) during verbal learning and subtle consolidation dysfunction. 

Because the task used in the study was relatively easy, the authors recommended the use of more 

difficult tasks, such as a verbal list-learning task. 

Given the scarcity of existing studies, the aim of the present study was to determine the association 

between the BD pattern of drinking and verbal and visual declarative memory. Because of the 

vulnerability of the adolescent hippocampus to the neurotoxic effects of alcohol, observed in 

studies with rats and monkeys (Chin et al., 2010; Taffe et al., 2010; White and Swartzwelder, 2004, 

2005), we hypothesized that BD students will perform less well in declarative memory tasks than 

non-BD students. Second, we also explored whether the association between BD and memory is 

modulated by gender. The issue of increased vulnerability of women to the neurotoxic effects of 

alcohol is still controversial (for a review, see Oscar-Berman and Marinkovic, 2007). Several 

studies have reported sex differences in the effects of alcohol in alcoholics (Acker, 1986; Mann et 

al., 2005), AUD adolescents (Caldwell et al., 2005; Medina et al., 2008), and social drinkers (Scaife 

and Duka, 2009; Townshend and Duka, 2005; Weissenborn and Duka, 2003). However, other 

studies in alcoholics and healthy adults did not find any such differences (Glenn and Parsons, 1992; 

Yonker et al., 2005). Based on studies in adolescent clinical samples, we hypothesized BD women 

will perform less well than BD men on neuropsychological tests. 

 

Materials and Methods 

Sample 

As part of an epidemiological study on alcohol BD, an anonymous survey was conducted among 

freshmen at the University of Santiago (Caamaño-Isorna et al., 2008). The questionnaire included 

the Galician version of Alcohol Use Disorders Identification Test (AUDIT) (Varela et al., 2005) 

and questions related to the use of alcohol (speed of consumption, age of onset on alcohol 
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consumption, etc.). From the data obtained, students were classified as BD or non-BD. The 

classification criteria, as outlined in Crego and colleagues (2010), are based on the responses to 2 

questions: the third question of the AUDIT (How often do you have 6 or more drinks on a single 

occasion? Never ⁄ Less than monthly ⁄ Weekly ⁄ Daily or almost daily) and 1 question pertaining to 

the speed of consumption (drinks per hour). Taking into account the differences in the amount of 

alcohol in 1 Standard Alcoholic Drink (SAD) in each country (International Center for Alcohol 

Policies, 2003), the criteria must be adjusted to the location of the investigation. In Spain, 1 SAD 

contains 10 g of alcohol, so that the BD group was formed by those who consumed 6 or more 

alcoholic drinks on a single occasion 1 or more times per month and drank 3 or more drinks per 

hour; the non-BD group was composed of those students who consumed less than this amount. 

Once classified on the basis of alcohol consumption, those students who had stated that they would 

be willing to participate in the study, by providing contact information at the end of the 

questionnaire, were contacted by telephone or e-mail and invited to a preliminary interview with the 

aim of selecting the sample. A total of 305 students attended the interview (160 BD and 145 non-

BD). 

In the semi-structured interview, information about each student’s medical history and personal and 

family psychopathology was collected. The interview comprised a translated and adapted version of 

the Semi-Structured Assessment for the Genetics of Alcoholism, Individual Assessment Module, 

and Family History Assessment Module, designed by the Collaborative Study on the Genetics of 

Alcoholism (Bucholz et al., 1994). Questions about individual and family psychopathological 

problems were based on Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) 

criteria and at least 1 other diagnostic classification system. The Symptoms Checklist-90-Revised 

questionnaire (SCL-90-R) (Degoratis, 1983) was also used to detect any psychopathological 

symptoms. Alcohol abuse ⁄ dependence was assessed in all subjects, by use of the AUDIT. The 

original AUDIT has been validated to assess alcohol-related problems or disorders (Allen et al., 

1997; Babor et al., 2001; Conigrave et al., 1995), and specifically in university students (Aertgeerts 

et al., 2000; Fleming et al., 1991). 

The exclusion criteria were as follows: score higher than 90 in the Global Severity Index (GSI) of 

the SCL-90-R, or in at least 2 of the symptomatic dimensions, personal history of neurological 

illness or a relevant systemic, habitual consumption of cannabis or illegal drugs other than alcohol, 

alcohol or drug consumption 24 hours before the evaluation, personal and ⁄ or family history of 

major mental disorder and history of alcoholism in first-degree relatives, and alcohol abuse ⁄ 
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dependence, according to the DSM-IV criteria. This procedure was used in an attempt to control 

possible sources of confusion (such as psychiatric comorbidity or genetic vulnerability) (Cadaveira, 

2009).  

Sporadic cannabis users were not excluded from the study. A high correlation between alcohol and 

cannabis use in adolescents and in university students has been consistently reported (Chun et al., 

2010; Degenhardt et al., 2001; Falk et al., 2008). Similarly, in the present study, the percentage of 

cannabis users was significantly higher in the BD group than in the non-BD group. 

Finally, once those students who did not meet the requirements and those who decided that they did 

not wish to continue with the study were excluded from the study, 122 participants were selected: 

62 binge drinkers (30 women) and 60 nonbinge drinkers (29 women). The sociodemographic, 

clinical, and alcohol use pattern characteristics are shown in Table 1. 

Table 1 

The selected sample is homogeneous in terms of age, F(3,118) = 2.06, p = 0.153; hand dominance, 

x2(1) = 0.18, p = 0.664; socio-economic status, x2(1) = 3.08, p = 0.543; GSI of the SCL-90-R, 

F(3,118) = 0.02, p = 0.876; Vocabulary scaled score (Wechsler Adult Intelligence Scale-III [WAIS-

III]), F(3,118) = 2.44, p = 0.121; and university entrance exam grades, F(1,114) = 1.55, p = 0.215. 

Binge drinking students consumed alcohol regularly and at a significantly younger age than those in 

the non-BD group, F(1,102) = 15.14, p = 0.0001; they got drunk a significantly greater number of 

times when they ‘‘went out to a party,’’ F(1,116) = 98.54, p = 0.0001, and they drank more drinks 

per hour, F(1,116) = 165.95, p = 0.0001. The BD group also scored higher in the AUDIT, F(1,102) 

= 236.98, p = 0.0001. 

Participants were asked to abstain from consuming drugs and alcohol for 24 hours before the 

assessment. All of the individuals signed an informed consent form and received 15 Euros as a 

bonus for their participation in the study. Psychologist specialists in neuropsychology, blind to the 

participants’ condition, conducted the assessment. 
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Material 

Verbal Declarative Memory. The Rey Auditory Verbal Learning Test (RAVLT) (Rey, 1964) 

involves learning a list of 15 words. The task begins with a reading of a list (list A) that is presented 

5 consecutive times; the subject is asked to say all the words that he ⁄ she can remember, regardless 

of the order, after each reading (trials I to V). After the fifth trial, an interference list (list B) is 

presented, and free recall is requested, after which the subjects are asked to freely recall from list A 

(trial VI). Thirty minutes later, they are administered a delayed recall trial (trial VII) and then a 

recognition task consisting of a series of 50 items formed by the words from both lists and other 

phonologically or semantically similar words. The following data were recorded: the total number 

of list A words recalled across trials I to V (Total A); the total number of words recalled from list B 

(Total B); the number of words in the immediate recall of list A (A VI); the number of  words 

recalled after a delay (A VII); the number of words recognized from list A; and the number of 

perseverations (total number of repetitions of a word previously mentioned during the test), the 

proactive interference score (difference between the number of words recalled after the first 

presentation of list A and list B), and the retroactive interference (difference between the number of 

words recalled in the trial V and the number recalled in the trial VI of list A). 

The Logical Memory subtest (Wechsler Memory Scale-III, WMS-III) (Wechsler, 1997a) is a task in 

which the subject is read 2 brief stories (A and B), with a second presentation of story B. After 

presentation of each story, the subject is asked to reproduce it as exactly as possible. After 30 

minutes, the students are asked to say what they remembered. The participants were then given a 

recognition test (15 true or false questions per story). The following were then recorded: score for 

immediate recall (sum of the score for recall of story A and the 2 presentations of story B, for both 

the thematic units and the themes); the score for the delayed recall (delayed recall of story A plus 

delayed recall of story B, for both the thematic units and the themes); percentage retention of 

information (total score for recall of the thematic units in the delayed recall divided by the sum of 

the scores for recall of thematic units in the immediate recall of story A and the second presentation 

of story B, expressed as a percentage), and the score for recognition. 

Visual Declarative Memory. The Family Pictures subtest (WMS-III) (Wechsler, 1997a) is a task in 

which the subjects are asked to remember as much information as possible from 4 images 

(presented consecutively and for 10 seconds each). In each image, different family members 

(grandfather, grandmother, mother, son, daughter, dog) appear in different situations (snacking, 

large stores, garden, and lunch). At the end of the presentation of the images, the subject is asked 
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which family members were in each of the images, what they were doing and in what location they 

were situated. The same questions are then asked again after an interval of 30 minutes. The scores 

for immediate recall, delayed recall, and percentage retention (delayed recall divided by immediate 

recall, expressed as a percentage) were recorded. 

In addition to these tests, the Vocabulary subtest of the WAIS-III was used to estimate the 

intellectual level of the participants (Wechsler, 1997b) (Table 1). 

Data Analysis 

The association between BD pattern, sex of participant, and neuropsychological performance was 

analyzed by analysis of variance (ANOVA), with Pattern of Consumption (BD and non-BD) by 

sex. Linear multiple regression was used to analyze the contribution of confounding variables in the 

performance of those tasks in which differences were observed in the ANOVAs. Estimated 

intellectual level (Vocabulary scaled score), consumption of cannabis, and age of drinking onset 

were considered potential confounders variables. Maximal models were generated including all 

theoretical covariables when these showed p < 0.2 in bivariate analysis. From these maximal 

models, final multiple models were generated. The final multiple models included all significant 

variables (p < 0.05), and also no significant variables when their exclusion changed the coefficient 

of main independent variable by more than 10% (Kleinbaum et al., 1982; Mietten, 1974; Rothman, 

1986). 

Differences were considered statistically significant at p < 0.05. The data were analyzed by use of 

the SPSS statistics package for Windows, version 15.0 (SPSS Advanced Statistics; SPSS Inc., 

Chicago IL). 

 

Results 

Binge Drinking by Sex 

There were no significant interaction effects between any of the measures of verbal or visual 

memory considered and sex of the participant. 
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Binge Drinking 

Verbal Memory (RAVLT). The results (Table 2) showed that the Pattern of Alcohol Consumption 

had a significant effect on the recall of list B, F(1,116) = 5.59, p = 0.020, with the BD students 

recalling fewer words than the non-BD subjects. And in the proactive interference index (A1-B), 

F(1,116) = 7,14, p = 0.009, with greater interference observed in BD students than in non-BD 

subjects. No differences were observed between groups in any of the variables associated with list 

A. 

Table 2 

 

Logical Memory (WMS-III). The analysis revealed significant differences between groups in terms 

of their Pattern of Alcohol Consumption in immediate and delayed recall of thematic units, 

F(1,118) = 7.11, p = 0.009 and F(1,118) = 8.55, p = 0.004, respectively, and of the themes, F(1,118) 

= 6.23, p = 0.014 and F(1,118) = 7.55, p = 0.007, respectively. BD subjects displayed poorer recall 

of the verbal material presented. Moreover, the percentage retention of the recalled information was 

lower in the binge drinkers than in the nonbinge drinkers, F(1,118) = 4.21, p = 0.042 (Table 2). 

Visual Memory. Family Pictures (WMS-III). The analyses conducted did not reveal any significant 

differences between the groups in relation to the Pattern of Alcohol Consumption in the variables 

considered (Table 2). 

Sex 

Significant sex differences were observed in total recall of list A, F(1, 116) = 12.18, p = 0.001, 

immediate recall of list A, F(1,166) = 8.77, p = 0.004, delayed recall of list A, F(1,116) = 6.000, p = 

0.016, proactive interference, F(1,116) = 3.92, p = 0.050, and retroactive interference, F(1,116) = 

8.74, p = 0.016, in the RAVLT. Significant sex differences between the groups were also observed 

in the immediate and delayed recall of thematic units, F(1,118) = 4.91, p = 0.029 and F(1,118) = 

14.45, p = 0.0001, respectively, and of the themes, F(1,118) = 6.44, p = 0.012 and F(1,118) = 4.11, 

p = 0.045, respectively, in the Logical Memory subtest. The female students obtained higher scores 

than the male students for all variables considered, with the exception of proactive interference 

from the RAVLT task. 
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Neuropsychological Performance Predictors 

As shown in Table 3, the BD pattern of consumption is associated with the declarative memory 

performance after adjusting for the potential confounders (Vocabulary scaled score, Cannabis 

consumption, and Age onset of drinking). Occasional cannabis consumption did not appear to affect 

the results. 

 

Discussion 

The main objective of the present study was to determine the association between BD and 

declarative memory, which depends mainly on the integrity of the medial temporal lobe, in young 

university students who do not demonstrate any additional risk factor (such as psychiatric 

comorbidity, family history of alcoholism, or polysubstance abuse). The study also examined 

whether female BDs are more vulnerable to the neurotoxic effects of alcohol than male BDs. 

In relation to the effect of the pattern of alcohol consumption on declarative memory, the present 

data show that the BD students demonstrated a significantly lower recall of the contextualized 

verbal material in the Logical Memory subtest than the non-BD students. Differences in 

performance were observed both in the immediate and delayed recall. In addition, BD affected the 

recall of general information (themes), as well as recall of specific or detailed information (thematic 

units). The Logical Memory subtest of WMS-III has been shown to be dependent on the 

functioning of the hippocampus, specifically the left hippocampus (Chelune and Bornstein, 1990; 

Delaney et al., 1980; Moore and Baker, 1996). Moreover, this task is described as the ‘‘purest’’ 

measure of episodic memory relative to word list-learning task and visuospatial memory tasks, 

because of its relatively low association with nonmemory measures (Lezak et al., 2004). The poorer 

verbal episodic declarative memory of the BD students is consistent with the particular 

vulnerability of the adolescent hippocampus to the neurotoxic effects of alcohol, which has been 

shown in both animal studies (Chin et al., 2010; Pascual et al., 2007; White and Swartzwelder, 

2005) and human studies (Brown et al., 2000; Medina et al., 2007; Nagel et al., 2005). 

The performance differences in the Logical Memory subtest are in contrast with the results obtained 

in the RAVLT, a task in which prefrontal cortex is involved actively (Alexander et al., 2009; Torres 

et al., 2001). In this task, both groups obtained similar scores in immediate and delayed recall of list 

A. However, the BD subjects showed greater susceptibility to proactive interference, which is 
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reflected by poorer recall of list B. The differential performance between list learning and story 

recall measures may reflect differences in the respective task demands on the encoding process. The 

Logical memory test is presented in a structured story format that provides contextual cues, thus 

potentially reducing the need to actively organize the information for learning and recall. On the 

contrary, the RAVLT is an unstructured word list that requires the implementation of active 

encoding strategies to achieve a good performance. The finding of greater differences occurred 

between the groups on story recall than on word list learning is consistent with literature regarding 

the differential roles of frontal and medial temporal lobes in memory, with the frontal lobe more 

associated with the acquisition of information, and the medial temporal lobe more associated with 

memory consolidation. Frontal patients do not show performance differences on story recall, 

because the learning process itself is not impaired. They exhibit significant memory impairment on 

tasks involving free recall of word lists, because their difficulties are related to their reduced use of 

memory strategies to enhance encoding and retrieval (Baldo and Shimamura, 2002). In a study with 

individuals with amnesic mild cognitive impairment divided into 2 groups based on their executive 

function, greater differences between groups were observed on RAVLT than on Logical memory. 

Together, these results support the evidence that RAVLT performance relies on executive function 

to a greater degree than does the Logical memory. 

The lower scores for list B may be related to a poorer ability to inhibit interference from 1 task to 

another. The resistance to interference is a control mechanism related to executive functioning and 

depends on the integrity of the prefrontal cortex (Badre and Wagner, 2005; Jimura et al., 2009; 

Torres et al., 2001). 

The present results are consistent with those of Garcí a-Moreno and colleagues (2008, 2009), who 

reported that BD university students showed more perseverations, intrusions, and false positives 

than nonbinge drinkers in a word-learning test (similar to the California Verbal Learning Test). The 

authors attributed the differences to executive difficulties rather than to declarative memory. 

However, Hartley and colleagues (2004) did not find any differences in performance, between BD 

and non-BD students, in a verbal learning task consisting of the recall as many words as possible 

from a list of 36 items after a period of 25 minutes. Discrepancies between the results of these 

studies may be because of differences in the tests used for memory assessment or to the 

characteristics of the samples. 

These findings are consistent with a functional MRI study in which 12 teenagers were compared 

with 12 nondrinkers BD (Schweinsburg et al., 2010). The BD group exhibited increased right 
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prefrontal and bilateral parietal activation during verbal learning. Moreover, although the non-BD 

subjects displayed significant activation in the left hippocampus during novel encoding, the BD 

subjects did not. These results may indicate a greater reliance on alternative systems of memory 

among BD adolescents. Additionally, increased activation of the right prefrontal cortex may reflect 

increased effort required to suppress irrelevant information. 

Taken together, these results suggest that BD subjects need more neural resources to perform the 

memory task and that they experience greater difficulty in inhibiting interference from the 

distractors. Both processes depend on the integrity of the hippocampus and prefrontal cortex, which 

are maturing during adolescence and have been shown to be vulnerable to the neurotoxic effects of 

alcohol (Blakemore and Choudhury, 2006; De Bellis et al., 2005; Gogtay et al., 2004; Medina et al., 

2008; Moselhy et al., 2001; Sowell et al., 2001). 

We did not find any significant differences between the groups in performance of the WMS-III 

Family Pictures subtest, in relation to declarative visuospatial memory. The BD and non-BD 

students both displayed an adequate capacity for learning and for retrieval of visuospatial material, 

both in immediate and delayed forms. These results are not consistent learning and visuospatial 

memory problems have been observed, both after acute consumption of alcohol and in adolescent 

rats subjected to a pattern of BD consumption (Li et al., 2002; Markwiese et al., 1998; Pascual et 

al., 2007; White and Swartzwelder, 2005). In humans, Hartley and colleagues (2004) found slight 

differences between BD and non-BD in a visual memory test requiring the recall of as many as 

possible of 20 line drawings of common objects after a period of 25 minutes. 

In contrast to verbal memory tasks, up until now, there is no ‘‘pure’’ test that assesses visuospatial 

memory. These tests typically require subjects to recall objects, geometric shapes, complex designs, 

or faces, as well as the spatial locations of the stimuli. This information is frequently amenable to 

the application of verbal encoding strategies. For this reason, while there is a strong association 

between verbal memory and left temporal lobe, there is no such clear association between visual 

memory and right temporal lobe (Chapin et al., 2009; Doss et al., 2004; Silverberg and Buchanan, 

2005). As in the case of RAVLT, the fact that in the present study, we did not find any differences 

between the BD and non-BD groups in visual memory may be attributed to the use of 

nonvisuospatial strategies that permitted the subjects to recall the information effectively. An 

alternative explanation is based on studies conducted on adolescents and young adults with AUD, 

which have shown that the difficulties in visuospatial memory are associated with symptoms of 
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abstinence syndrome (Tapert et al., 2002). In this way, the absence of differences in the present 

study may be because of the characteristics of the sample. 

In terms of the second objective of the study, to determine whether women are more vulnerable to 

the neurotoxic effects of a BD pattern of consumption than men, no significant differences were 

observed in the neuropsychological performance of BD men and women, in any of the tasks 

analyzed. Although the results do not confirm the hypothesis, they are not completely surprising. 

Studies conducted with adult chronic alcoholics suggest that the greater vulnerability in women 

does not imply more severe neurocognitive consequences, but that such consequences may be 

manifested in subjects with shorter drinking histories (Agartz et al., 1999; Hommer, 2003; Hommer 

et al., 2001; Jacobson, 1986; Mann et al., 1992). Taking into account that studies with adult 

populations were conducted with alcoholic patients that had been consuming alcohol for more than 

10 years, the fact that the history of consumption in the present study was relatively short (an 

average of 4 years) may explain the absence of differences. This hypothesis may find support in the 

results of the studies conducted by Duka and colleagues with social drinkers (18 to 30 years old) 

who consumed alcohol for longer than the subjects in the present study (Scaife and Duka, 2009; 

Townshend and Duka, 2005; Weissenborn and Duka, 2003). Together, these studies have shown 

that women social drinkers with a BD pattern of consumption performed significantly worse than 

men in visuospatial working memory tasks. Studies with AUD adolescents have also found that 

women are more vulnerable than men to the neurotoxic effects of alcohol (Caldwell et al., 2005; 

Medina et al., 2008). 

In conclusion, the present results showed that the BD pattern of consumption was associated with 

poorer verbal declarative memory. Specifically, young binge drinkers performed less well in both 

immediate and delayed memory tasks, which rely on the left medial temporal lobe, and showed 

greater susceptibility to proactive interference in the RAVLT, which depends on the prefrontal 

cortex. The poorer performance of the BD group did not appear to be the result of differences 

between the groups in their estimated general intellectual capabilities, occasional cannabis use, age 

onset of drinking, family socioeconomic status, family history of alcoholism or psychopathology or 

polysubstance use, variables that were controlled for during the selection of the sample or through 

multiple regressions. However, we must be cautious in interpreting this association. Are these 

neuropsychological differences a consequence of the BD pattern of consumption? Alternatively, are 

they risk factors? Longitudinal studies are likely to provide the answer to these important questions, 

which cannot be established in a cross-sectional study. 
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In addition, adolescence and early adulthood are critical periods of life in terms of integrating into 

the adult society, during which activities that require a high level of cognitive competence are 

required on a daily basis. This makes it important to determine whether differences in performance 

between the binge drinkers and nonbinge drinkers may have repercussions on academic 

performance. 

There are several limitations to the present study. First, it is a cross-sectional study, so that we were 

not able to establish a causal relationship between the pattern of alcohol consumption and the 

different scores obtained. Although we attempted to control several confounding factors, and the 

samples did not differ in terms of age, educational, socioeconomic, or intellectual ability, it is 

possible that the differences observed are premorbid, or that they are the result of the effect of other 

variables not considered in the study. Second, design used did not allow to determine whether the 

effect is attributable to the amount consumed or to the pattern of consumption. Evaluation of 

another group of subjects who regularly consume alcohol may help clarify this aspect. Third, the 

procedure and the strict selection criteria may have led to the exclusion of those young people with 

a more severe pattern of drinking, so that our sample may not be entirely representative of BD 

university students. Fourth, because of time limitations, only 1 visual memory test was used. This 

test was selected because it is a commonly used, standardized test, which facilitates replication and 

comparison of the results with those of other studies. It is free of motor and visuoconstructive 

components. And it provides information about immediate recall, delayed recall, retention, and 

recognition, which enables discrimination between difficulties in coding, consolidation, and 

recovery. Despite the detailed information provided by the test, it is possible that it does not explore 

visual memory adequately or with sufficient sensitivity, so that a more exhaustive examination may 

be required. Finally, as we do not have available structural or functional measures of the 

participants in the study, we cannot establish anatomical–functional relationships. 

These findings raise several questions to be addressed by further research. Longitudinal studies are 

required to evaluate young subjects before they start consuming alcohol, to clarify the relationship 

between the pattern of consumption and neuropsycological differences. Moreover, the BD pattern 

of alcohol consumption tends to decrease with age. Studies with chronic alcoholics indicate the 

reversibility of brain damage in response to abstinence. It would be interesting to follow up the 

young subjects who participated in the present study, to determine whether abandonment of the BD 

pattern of alcohol consumption is associated with changes in neuropsychological parameters. If so, 

we would obtain further evidence for a causal relationship. Finally, future studies should determine 
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whether the significant differences observed in the study are associated with poorer academic 

performance. 
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Tables 

Table 1. Sociodemographic, clinical, and alcohol use characteristics of the sample 

 

 No BD BD 

 Men Women Men Women 

N 31 29 32 30 

Age 18.61 (0.55) 18.83 (0.53) 19.03 (0.53) 18.70 (0.59) 

Hand-dominance (right ⁄ left) 28 ⁄3 28 ⁄1 31 ⁄1 28 ⁄ 2 

Socioeconomic status (low ⁄ medium ⁄ high) 0 ⁄ 27 ⁄4 4⁄ 22 ⁄3 2⁄ 27 ⁄3 3⁄ 19 ⁄ 7 

Caucasian ethnicity (%) 100 100 100 100 

SCL-90-R (percentile GSI) 55.00 (28.83) 41.72 (25.57) 60.50 (31.86) 37.83 (26.96) 

Vocabulary scaled score (WAIS-III) 12.65 (2.27) 12.52 (1.74) 12.59 (1.43) 11.57 (1.50) 

University entrance exam grades 6.59 (1.17) 6.63 (0.82) 6.38 (1.27) 6.31 (1.20) 

Tobacco smokers 0 1 4 8 

Occasional use of cannabisa  2 7 14 13 

Age of drinking onset* 16.00 (0.85) 15.54 (1.25) 15.13 (1.26) 14.53 (1.26) 

Percentage of times became drunk when 

drinking* 

5.39 (11.62) 5.96 (7.78) 51.18 (31.04) 49.00 (34.72) 

Speed of consumption: drinks per hour* 0.65 (0.87) 1.14 (0.99) 3.41 (1.38) 3.29 (0.76) 

Total AUDIT score* 2.10 (2.16) 2.97 (1.93) 12.91 (4.72) 11.47 (4.04) 

 

Data are number of subjects, mean (SD) or percentage. SCL-90-R, Symptom Checklist 90 Revised; GSI, Global 

Severity Index; WAIS-III, Wechsler Adult Intelligence Scale-III; AUDIT, Alcohol Use Disorders Identification Test; 

BD, binge drinking. 

*p < 0.001 significant BD differences. 
a <10 occasions per year. 
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Table 2. Mean (SD) scores obtained in verbal and visual declarative memory tasks 

 

 No BD BD 

 Men (n = 31) Women (n = 29) Men (n = 32) Women (n = 30) 

RAVLT     

Total A (max. 75) 59.27 (5.31) 62.39 (4.84) 58.81 (5.25) 62.33 (5.37) 

Total B (max. 15)*  7.73 (2.31) 7.96 (2.16) 6.75 (1.43) 7.20 (2.09) 

A VI (inmediate recall) (max. 15) 12.97 (1.52) 13.96 (1.17) 12.63 (2.12) 13.43 (1.65) 

A VII (delayed recall) (max. 15) 13.03 (1.49) 14.07 (1.05) 13.09 (1.65) 13.37 (1.54) 

Recognition A (max. 15) 14.50 (0.68) 14.79 (0.41) 14.66 (0.54) 14.67 (0.54) 

Proactive interference (A1-B)** -0.30 (2.21) 0.82 (2.14) 1.09 (1.71) 1.53 (2.50) 

Retroactive interference (AV-AVI) 1.10 (1.39) 0.50 (0.74) 1.47 (1.79) 0.63 (1.06) 

Perseverations 4.60 (4.51) 4.36 (3.75) 5.66 (5.36) 4.83 (4.69) 

Intrusions 0.80 (1.03) 0.71 (0.81) 0.72 (1.02) 0.97 (1.09) 

Logical memory (WMS-III)     

Thematic units inmediate recall (max. 75)** 52.81 (7.49) 56.76 (5.99) 50.53 (7.24) 52.23 (7.24) 

Themes inmediate recall (max. 21)* 15.87 (1.87) 17.48 (1.82) 15.25 (2.06) 16.33 (2.04) 

Thematic units delayed recall (max. 50)** 34.13 (4.65) 36.90 (4.28) 31.78 (6.02) 33.77 (5.45) 

Themes delayed recall (max. 14)** 10.18 (1.54) 11.24 (1.12) 10.03 (1.51) 10.33 (1.58) 

Percent retention* 92.81 (6.95) 93.79 (5.90) 89.44 (9.77) 91.60 (6.45) 

Recognition (max. 30) 27.87 (1.56) 28.10 (1.76) 27.53 (2.06) 28.03 (1.35) 

Family pictures (WMS-III)     

Total inmediate recall (max. 64) 46.39 (7.84) 50.97 (7.47) 47.72 (9.75) 48.55 (7.15) 

Total delayed recall (max. 64) 46.26 (8.12) 51.17 (7.57) 48.19 (9.14) 48.17 (8.13) 

Percent retention  99.65 (5.16) 100.38 (1.72) 101.53 (9.07) 98.55 (4.33) 

RAVLT, Rey Auditory Verbal Learning Test; WMS-III, Wechsler Memory Scale-III; BD, binge drinking. 

*p < 0.05 significant differences, **p < 0.01 significant differences 
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Table 3. Multiple Linear Regression Analysis of Predictors of the Performance on Memory Tasks 

 
 Rey Auditory Verbal Learning Test Logical memory I Logical memory II 

 Total B 
Proactive 

interference 

Units inmediate 

recall 

Themes inmediate 

recall 
Units delayed recall 

Themes delayed 

recall 

Percent 

reten-

tion 

 
Bivaria

-te B 

Multiva

-riatea 

B 

Bivaria

-te B 

Multivaria

-tea B 

Bivaria

-te B 

Multivaria

-tea B 

Bivaria

-te B 

Multivaria

-tea B 

Bivaria

-tea B 

Multivaria

-tea B 

Bivaria

-te B 

Multivaria

-tea B 

Bivaria

-te B 

Binge 

drinkingb  
-0.877* -0.800* 1.065** 1.064** -3.362* -2.903* -0.876* -0.763* 

-

2.725** 
-2.340* 

-

0.689** 
-0.632* -2.799* 

Sexc  0.343  0.770 0.769 2.807* 2.674* 1.343** 1.310** 2.369* 2.257* 0.510 0.493 1.583 

Vocabulary 

scaled score 
0.379 0.309 -0.125  2.012* 1.652* 0.520* 0.408 1.679** 1.386* 0.282 0.206 0.389 

Cannabis 

consumption
b 

0.313  -0.099  -0.160  -0.172  -0.786  -0.181  -2.758 

Age onset of 

drinking 
0.014  0.198  0.769  0.671*  0.219  0.318  -0.661 

a Multiple regression adjusted by all variables included in column. 
b No = 0; Yes = 1. 
c Male = 0; Female = 1. 

*p < 0.05, **p < 0.001. 
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