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Abstract (256)

Adolescence and early adulthood are periods of particular vulnerability to the neurotoxic
effects of alcohol. Young people with alcohol use disorders display deficits in working
memory (WM). This function is supported by the prefrontal cortex, a late-maturing brain
region. However, little is known about the progression of cognitive dysfunctions associated
with a binge drinking (BD) pattern of alcohol consumption among community adolescents.
The objective of this study was to analyze the relationship between BD trajectory and WM in
university students. An initial sample of 155 male and female first-year university students
was followed prospectively over six years. The participants were classified as stable non-
BDs, stable BDs and Ex-BDs according to the third item of the Alcohol Use Disorders
Identification Test (AUDIT). WM was assessed using the Self-Ordered Pointing Task.
Generalized linear mixed models were applied. The results showed that stable BDs
committed more total perseverative errors and showed a lower WM span in the difficult
blocks than stable non-BDs. Difficulties in WM span showed some improvement, whereas
perseveration errors remained constant throughout the follow-ups in the stable BDs. There
were no significant differences between Ex-BDs and non-BDs. In conclusion, stable BD is
associated with WM deficits, particularly perseverations and low WM span in demanding
trials, when compensatory mechanisms may no longer be successful. The partial
improvement in WM span may support the notion of a neuromaturational delay, whereas the
temporal stability of perseveration deficits may reflect either neurotoxic effects of alcohol or
premorbid characteristics. Abandoning the BD pattern of alcohol consumption may lead to

partial recovery.
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Introduction

Alcohol is by far the most commonly used drug worldwide and is the third most
important risk factor for disease (Rehm et al., 2009). Binge drinking (BD) is an increasingly
prevalent pattern of alcohol consumption among European adolescents. This pattern is
defined as the consumption of 4 or more drinks for women and 5 or more drinks for men in
about 2 hours, leading to a blood alcohol concentration (BAC) of 0.8 g/l (National Institute
on Alcohol Abuse and Alcoholism [NIAAA], 2004). Recent reports indicate that BD is a
common pattern of alcohol consumption in a third of European and American young people
(Eurobarometer, 2010; Substance Abuse and Mental Health Services Administration
[SAMHSA], 2013). BD is associated with an array of negative consequences and constitutes

a major concern in many countries (Marshall, 2014).

Adolescence is a critical developmental period, which may contribute to a
heightened vulnerability to the harmful effects of BD at this time (Bava & Tapert, 2010).
Neuromaturational changes during this period (Rubia, 2013) lead to significant improvements
in complex cognitive functions, the so-called “executive functions’” such as working memory
(WM) (Diamond, 2013). These higher-level cognitive functions are mainly supported by
functional networks involving fronto-striatal pathways and the prefrontal cortex (PFC)
(Fuster, 2001). The relative immaturity of these areas may make them particular targets for
the deleterious effects of ethanol (Petit, Maurage, Kornreich, Verbanck, & Campanella,

2014).

Models of BD in adolescent animals induce frontal cortical degeneration (Crews et
al., 2000), neuroinflammation (Pascual, Pla, Mifiarro & Guerri, 2014) and reductions in
myelin in the PFC (Vargas, Bengston, Gilpin, Whitcomb, & Richardson, 2014). In humans,

young people with Alcohol Use Disorder (AUD) have prefrontal abnormalities at both

Post-print (final draft post refereering)



structural (De Bellis et al., 2005; Medina et al., 2008) and functional levels (Caldwell et al.,
2005; Tapert, Pulido, Paulus, Schuckit, & Burke, 2004). Likewise, population-based studies
have shown that adolescent BDs have thicker cortices in left frontal regions (Squeglia et al.,
2012a), possibly indicating reduced synaptic pruning and less neurodevelopment. In a study
carried out by our research group with part of this sample, BDs were found to have a larger
volume of grey matter in the left middorsolateral prefrontal cortex (mid-DLPFC) than non-
BDs (Doallo et al., 2014). Such brain alterations have been interpreted in terms of a
neuromaturational delay related to heavy alcohol consumption during adolescence. At the
functional level, increased frontal activity during performance of WM tasks has been
observed in BDs (Campanella et al., 2013; Squeglia, Schweinsburg, Pulido, & Tapert, 2011;
Squeglia et al., 2012b), suggesting compensatory mechanisms and greater effort to perform

the task at the same level as the non-BD counterparts.

At the neuropsychological level, WM has been one of the cognitive processes most
commonly investigated in relation to young BDs (L6pez-Caneda et al., 2014a). Three studies
by the same research group (Garcia-Moreno, Torrejon, Sanhueza, & Carrére, 2008; Garcia-
Moreno, Exposito, Sanhueza, & Gil, 2009; Sanhuenza, Garcia-Moreno, & Exposito, 2011)
found that BDs performed poorly in WM tasks (Digit Span [WMS-111] and Corsi block
tapping task [CBTT]). In relation to the executive processes of WM, female BDs committed
more errors in the most difficult condition of the Spatial Working Memory task (Cambridge
Neuropsychological Test Automated Battery [CANTAB]) and obtained lower strategy scores
(Scaife & Duka, 2009; Townshend & Duka, 2005). However, other authors have not found
any differences regarding number of errors in a similar test, the Self Ordered Pointing Task
(SOPT) (Johnson et al., 2008; Xiao et al., 2009). Previous studies by our research group have

shown that BDs had lower span in the Backward Digit test (Digit Span [WMS-I11]) (Parada et
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al., 2012) and committed more perseverative errors in the SOPT (Mota et al., 2013; Parada et
al., 2012) than non-BDs. The results with part of this sample showed that the differences in
Digits Backward disappeared despite maintenance of a BD pattern of alcohol consumption
during two years (Mota et al., 2013). This apparent improvement in verbal WM in BDs in
comparison with age-matched non-BDs may be compatible with a neuromaturational lag,
possibly indicating that improvements in WM efficiency that take place naturally during

adolescence would occur later in BDs as a result of excessive alcohol consumption.

Despite the consistent deficits in WM, little is known about the long-term progression
of such difficulties in relation to BD trajectories. A recent 8-year-long prospective study
(Boelema et al., 2015) did not find any association between executive functions and BD
trajectory in young adults. However, the authors used simple reaction time scores as indexes
of cognitive processes (e.g. WM), which may lead to poor identification of subtle difficulties
(e.g. manipulation, perseveration). In a slightly different population, a ten-year-long follow-
up study of adolescents with alcohol and other drug use (AOD) showed that different patterns
of substance use were linked to poor verbal learning and memory, visuospatial memory and
WM over time (Hanson, Cummins, Tapert, & Brown, 2011), and heavier use was generally
related to poor performance. In addition, there is a further gap in the literature in relation to
whether recovery would occur after abandonment of the BD pattern of alcohol consumption
in the short-term, and if so, whether the ex-BDs would be able to perform at the same level as

controls.

The main aim of the present study was to determine the relationship between WM and
BD trajectory over a 6-year period in healthy university students with no other relevant risk
factors, such as psychiatric comorbidity or family history of alcoholism. Bearing in mind that

this pattern is associated with difficulties in specific WM processes (maintenance of
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information, manipulation, resistance to interference, etc.), we placed particular emphasis on
disentangling some these processes by considering different variables not previously
analysed. We also explored what happens when memory load increases (more items to
monitor) and executive strategies are required to complement storage limits. Moreover, as our
previous results showed amelioration of difficulties in the digit span task after two years of a
stable BD pattern of alcohol consumption (Mota et al., 2013), we hypothesized that
improvements in WM would be observed and would suggest alcohol-related delays in normal

adolescent neuromaturational processes.

We tested the following hypotheses: (I) participants with a trajectory of stable BD
will show poorer performance in high-demanding blocks (when they might not be able to
compensate their difficulties) of WM task than stable non-BDs, which may be consistent with
a compensatory hypothesis; (11) despite maintenance of the pattern, stable-BDs will show an
improvement in WM over time, compatible with a neuromaturational delay in brain
development; and (I11) performance of this task by those participants who abandon the BD
pattern of alcohol consumption will improve, and maintenance of an ex-BD pattern over time

would imply further improvement.
Material and methods
Participants

The sample initially comprised 155 first-year university students (76 males and 79
females) recruited from different faculties of the University of Santiago de Compostela (NW
Spain). All participants were Caucasian. Participants were selected by administration of an
anonymous questionnaire in class (Caamano-Isorna, Corral, Parada, & Cadaveira, 2008). The

questionnaire included the Alcohol Use Disorders Identification Test (AUDIT) (Babor,
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Higgins-Biddle, Saunders, Monteiro, 2001) and questions related to alcohol use (speed of
consumption, age of onset, etc.). The classification criteria were based on the students’
responses to two questions: the third item of the AUDIT (How often do you have six or more
drinks on a single occasion? Never/Less than monthly/Monthly/Weekly/Daily or almost
daily) and one question related to the speed of consumption (drinks per hour). Taking into
account that in Spain a standard alcoholic drink is equivalent to 10 g of alcohol, six drinks
consumed at a speed of more than two drinks per hour would bring the blood alcohol
concentration (BAC) to 0.8 g/l or higher. This criterion defined a binge drinking pattern of
alcohol consumption in the present study. Thus, BD participants consumed 6 drinks on one
occasion monthly or weekly and the speed of alcohol consumption was three drinks or more
per hour. The non-BD group was defined as those who never consumed 6 drinks on one
occasion (or less than monthly) and they consumed alcohol at a speed of two drinks or less

per hour.

As the objective was to assess the trajectory of alcohol consumption, participants
were classified as stable non-BDs, stable BDs and Ex-BDs (those who abandoned the BD
pattern at the second, third or fourth evaluation). This classification criterion was strict and
did not allow transitions or fluctuations in the trajectories (e.g. a non-BD participant who
changed to a BD consumption at the third evaluation would be excluded from the analysis in
the fourth evaluation but maintained for the previous evaluations thanks to the ability of
mixed models to deal with different number of participants in each evaluation). We are aware
that this classification implies sample attrition over time. Therefore, to ensure that this
method did not influence the results, we performed a statistical analysis allowing transitions
in consumption trajectory (e.g. a non-BD in the first evaluation who changed to a BD in the

second assessment was then considered within this new group at that specific time point). In
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other words, the statistical model considered the specific pattern of consumption at each time
point. Use of this type of classification implies less sample attrition over time; however, the
results obtained were almost identical. Thus, for the sake of simplicity, we used the stable

group classification. Abstainers were not included in the study.

The number of participants decreased throughout the study: 155 (76 non-BDs/ 79

BDs) participants at baseline, 93 (39 stable non-BDs/ 33 stable BDs/ 21 ex-BDs) in the first
follow-up, 74 (33 stable non-BDs/ 17 stable BDs/ 24 ex-BDs) in the second and 40 (16 stable
non-BDs/ 4 stable BDs/ 20 ex-BDs) in the final follow-up. The number of total data points in
each trajectory was 164 for stable non-BDs, 133 for stable-BDs and 65 for ex-BDs. There
were no statistically significant differences between those participants included in the final
follow-up and those who abandoned the study or were excluded at different times throughout
the study, in relation to any of the parameters considered (age of onset of alcohol use, pattern

of alcohol consumption and psychopatological symptoms).
Procedure

Once classified according to alcohol consumption patterns, participants were
interviewed to obtain information about their clinical and sociodemographic status. To reduce
the potentially confounding effects of other factors, the following exclusion criterion was
used: consumption of any other drugs (e.g. opiates, hallucinogens, cocaine, amphetamines or
medically prescribed psychoactive substances), except nicotine and cannabis. The item in the
questionnaire regarding drug use was “Which of these substances have you consumed and
how frequently do you consume them?”. Other exclusionary criteria included the following:
diagnosis of alcohol use disorders; severe non-corrected motor or sensory deficits; family
history of major mental disorder; history of alcoholism in first- and second-degree relatives;

history of psychopathology (DSM-I1V-TR), such as attention-deficit hyperactivity disorder,
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conduct disorder or previous diagnosis of depression or anxiety; and current
psychopathological symptoms as assessed by the Symptom Checklist-90-R (SCL-90-R)
(Derogatis, 1983). Participants were excluded if they had scores above 90th in the Global

Severity Index (GSI) or in at least two symptomatic dimensions.

Evaluations were made on average every 22 months, and a total of four evaluations
were carried out. At each new evaluation we only contacted participants who were included
in the previous evaluation: participants in the final evaluation were thus included in all
previous assessments. In addition, during each evaluation a neuropsychological battery of
tests was administered together with an interview in which the same exclusionary criteria
were considered again in order to produce a sample of healthy university students with no
other risk factors, avoiding possible confounding factors. All participants gave written
informed consent and received some monetary compensation (i.e. 30€ at each follow-up).
The research was performed in accordance with the ethical principles for research involving

human subjects.
Material

Self-Ordered Pointing Test, abstract design version (SOPT) (Petrides & Milner,
1982). This test consists of a booklet of abstract designs repeated on all pages but with a
different position on each new page. The participant is asked to point out a different stimulus
on each page without repeating previous choices. The test is divided into four blocks of
increasing difficulty (6, 8, 10 and 12 stimuli to monitor), and each block consists of 3 trials
(108 sheets in total). The following variables were recorded for each participant: total number
of errors, perseverative errors (pointing to the same item chosen on the immediately
preceding page), span in each block and trial (number of new elements identified before the

first error), monitoring (total number of errors that occurred from the third page onwards
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throughout blocks three and four), proactive interference ([(total errors in the 3° trial in
blocks 3 and 4 ) - (total errors in 1° trial blocks 3 and 4)] / [(total errors in the 3° trial blocks 3
and 4) + (total errors in the 1° trial blocks 3 and 4)]). The score was categorized into four
values ranging from -1 to 1, to deal with negative values. The SOPT assesses planning and
self-monitoring aspects of WM. Research including studies on non-human primate lesions
(Petrides, 1991, 1995) and human imaging studies (Curtis et al., 2000; Petrides, 2000)
highlight the importance of DLPFC (Brodmann’s areas [BA] 46 and 9) to successful

performance of this task.
Statistical analysis

Generalized linear mixed models (GLMMs), in which maximum log-likelihood was
approximated by adaptive Gauss-Hermite quadrature, were used in the statistical analysis
(Brown & Prescott, 2006). Use of GLMMs allows analysis of repeated measurements
(measurement correlation) with different number of participants in each evaluation, yields
greater statistical power than ordinary regression models and can better handle the problems
inherent to longitudinal data (Gibbons, Hedeker, & DuToit, 2010). To construct the models,
we used the scores of the SOPT as dependent variables, with individual observations as level
1 and students as level 2; random effects among students were considered to control the
initial intra-individual heterogeneity. In view of the fact that the response variables were test
scores, these models were fitted with the Poisson family of distributions, although
perseverative errors were fitted with a negative binomial distribution to obtain standard errors
corrected for the overdispersion parameter. The models were adjusted for time and sex. The
interaction of these variables with the trajectory of alcohol consumption was also modelled.
Frequency of cannabis use, frequency of tobacco use, age of drinking onset and GSI score of
the SCL-90-R were tested to determine whether they had an explanatory role. The

10
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independent variables with a statistical significance lower than 0.2 at a bivariate level were
included in the multivariate models. The nonsignificant independent variables were

eliminated from this maximum model when the coefficients of the main exposure variables
did not vary by more than 10% and the value of Schwartz's Bayesian Information Criterion

(BIC) decreased.

All analyses were performed using the free R (version 3.1.1) statistical software
environment (R Core Team, 2015) with the Ime4 package (Bates, Maechler, Bolker, &
Walker, 2014), and all results were expressed as relative risks (RRs) and their 95 %
confidence intervals (CIs). In order to observe the progression of deficits over time, we
constructed GLMMs separately for the stable BDs and non-BDs. This model enabled us to
identify the progression in WM perforrmance for both groups at each time point relative to

baseline.
Results
Demographic and substance use variables

The descriptive characteristics of the sample at baseline are shown in Table 1. Groups
differed in age, t(152) = 2.86, p=.005. The BDs were slightly older than the non-BDs. The
groups did not differ in estimated intellectual level assessed by the VVocabulary subtest
(WAIS-I11) (Wechsler, 1997). There were no differences between groups in
psychopathological symptoms measured by GSI scores of the SCL-90-R test, t(153) = 0.76,
p=.447. The groups differed in the following variables: age of onset of alcohol use, t(137) =
4.83, p=.001; total AUDIT scores, t(124.32) = 15.68, p=.001; number of drinks per hour,
t(153) = 14.48, p=.001; alcohol grams consumed during the week, t(73.61) = 8.44, p=.001;

and alcohol grams consumed on the day of highest consumption, t(71.51) = 5.94, p=.001.

11
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Between-group differences were also found in cannabis use, X?(2, N = 153) = 19.50, p=.001,
and tobacco use, X?(2, N = 153) = 8.12, p=.004. None of the participants included in the
study consumed cannabis daily. Eight participants were considered occasional users, as five
of them consumed cannabis monthly and three of them consumed cannabis weekly. The other

participants consumed (if at all) cannabis less frequently than once a month.
INSERT TABLE 1
Binge drinking trajectory

The statistical models for trajectories of consumption considered the total number of
participants in each trajectory (throughout all evaluations) (Table 2). The analysis revealed a
significant association between stable BD trajectory and perseverative errors in the SOPT
(Relative risk [RR] = 1.45, 95% CI [1.05, 2.00], p=.024). The results showed a lower WM
span in stable BDs than in stable non-BDs in the first trial of the third block (with 10 items to
monitor) (RR = 0.90, 95% CI [0.82, 0.99], p=.030) and in the third trial of the fourth block
(with 12 items) (RR = 0.92, 95% CI [0.84, 0.99], p=.043) (Table 2). There were no sex-by-
group interaction effects. The statistical models controlled for frequency of cannabis use,
frequency of tobacco use, age of alcohol onset and the GSI score of the SCL-90-R. None of
the variables was significantly associated with performance on the task (at the bivariate or

multivariate level).

Regarding abandonment of the pattern of alcohol consumption, the Ex-BDs
participants did not differ from stable non-BDs in any of the variables (see Table 2). There
were also no significant differences between the stable BDs and Ex-BDs. The effect of

duration of abstinence (participants who recently abandoned the BD pattern relative to those

12
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who had a long-term maintenance of non-BD consumption, both relative to the stable non-

BDs) was not significant.
INSERT TABLE 2
Changes in performance of stable BDs

In order to determine any changes in performance, we conducted a separate analysis
for the stable BDs, with time as a covariable. The relative risk at each follow-up relative to
baseline is shown in Table 3. The number of perseverative errors did not differ significantly
over time. Regarding the WM span, no significant effects were found for the first block or the
second block. However, stable BDs showed some improvement in WM span at the first
follow-up (fourth block, third trial, RR = 1.19, 95% CI [1.04, 1.37], p=.012) and at the
second follow-up, in the third block, first trial (RR =1.23, 95% CI [1.01, 1.49, p=.037]) and
fourth block, first trial (RR = 1.23, 95% CI [1.03, 1.46], p=.019) relative to baseline. Analysis
of the changes in performance in the stable non-BD group revealed significant improvements
at the second follow-up relative to baseline, in the fourth block of the second trial (RR = 1.23,

95% CI [1.05, 1.43], p=.041).
INSERT TABLE 3
Discussion

The main aim of this study was to analyze the association between BD trajectory and
WM in healthy university students with no other relevant risk factors throughout the 6-year
study period (i.e. between ages of 18-19 years and 24-25 years). We first hypothesized that
participants with a stable BD pattern would perform poorly for WM in the SOPT, in
comparison with stable non-BDs, particularly in high-demanding conditions when

compensatory mechanisms may no longer be successful. The results confirm that a stable BD
13
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trajectory is associated with WM deficits, specifically more perseverative errors in total
(independently of block difficulty) and poor WM span when the difficulty of the task
increased. Stable BDs displayed a lower WM span only in high-demanding blocks of the
SOPT. Stable BDs appear able to compensate for the difficulties up to a certain point (e.g.
blocks with 10 items), when correct manipulation of items requires use of strategies. This
may indicate that a stable BD trajectory is related to manipulation deficits when difficulty is

increased rather than to a simple maintenance problem.

In the general population, abnormal functional activity has been found in adolescent
BDs on WM tasks, even in the absence of any differences in performance, which may
indicate compensatory mechanisms and a greater effort to solve the task efficiently
(Campanella et al., 2013; Squeglia 2011, 2012b). These findings may be consistent with the
lower WM span scores obtained only for the most demanding blocks in this study.
Compensatory mechanisms may thus enable stable BDs to perform correctly in low-demand
blocks. In a previous study by our research group, electrophysiological findings have
revealed anomalies in neural activity involving WM/attention processes after two years of a
stable BD. These results may reflect the recruitment of additional resources for adequate task

performance and may compensate underlying dysfunctions (L6pez-Caneda et al., 2013).

At a neuropsychological level, two studies (Scaife & Duka, 2009; Townshend &
Duka, 2005) found that female BDs made more errors in the most difficult condition of an
equivalent task, the Spatial Working Memory task (CANTAB). However, other studies using
the SOPT have found that controls and BDs perform similarly (Johnson et al., 2008; Xiao et
al., 2009). Interestingly, this may be related to the fact that perseverative errors or WM span
variables were not recorded and that these variables seem to be more sensitive to weaknesses
in the executive process of the WM. To our knowledge, to date only one study has examined

14
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the relationship between BD trajectory and WM in university students with no other risk
factors and during a long period (Boelema et al., 2015). In the aforementioned study the
students were followed throughout eight years and were subjected to four neuropsychological
assessments. The authors found no association between executive functions and BD.
However, the study may have been limited by the fact that the authors used simple reaction
time scores as indices of cognitive processes (e.g. WM), and these probably do not identify
subtle difficulties (e.g. manipulation, perseveration). Another prospective study involving a
clinical sample of adolescents with alcohol and other drug use (AOD) (Hanson et al., 2011)
found that different patterns of substance use were associated with poor WM, among other
cognitive functions. The performance of chronic AOD users deteriorated more steadily over

time in WM.

In a previous study with part of the same sample as used in the present study, we
found differences in Digit Backward span (Parada et al., 2012) at baseline; however,
interestingly, these differences had already disappeared at the first follow-up (Mota et al.,
2013). In both of these studies, the BDs also made more perseverative errors in the SOPT, but
no other variables, apart from total errors, were considered. In addition, a neuroimaging study
with part of the same sample (Doallo et al., 2014) found a larger volume of grey matter in the
left mid-DLPFC (Brodmann areas 46 and 9) in BDs than in control subjects; this was
interpreted as neuromaturational delay. A significant positive correlation between left mid-
DLPFC volume and total errors in the SOPT was also found in BDs. We therefore
hypothesized that neuropsychological difficulties will show a certain degree of improvement,
compatible with a neuromaturational delay related to the effects of alcohol consumption. In
this regard, we observed two slightly different trends in how these difficulties progressed. On

the one hand, WM span improve in stable BDs relative to the scores at baseline. This may

15
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support a neuromaturational lag affecting executive functions, as BDs seem to gain efficiency
in WM later than non-BDs. Neuromaturational immaturity related to the deleterious effects of
alcohol may also explain why other WM deficits present during the first evaluations
disappear/recover even when the BD pattern is maintained. Performance of tasks largely
mediated by the DLPFC mature latest (Gogtay et al., 2004) and, of these, the cognitive
underpinnings of tasks that demand high levels of executive control mature later than those
that require WM but decreased control (e.g. SOPT versus backward span tasks; Luciana,
Conklin, Hooper, & Yarger, 2005). In turn, such impairments may be more visible in middle
adolescence (18-19 years, baseline), when neurodevelopment is undergoing significant

changes.

On the other hand, stable BDs committed more perseveration errors than non-BDs
throughout the study. Furthermore, no difference in performance was observed over time in
relation to this deficit. In other words, the risk associated with perseverations remained stable
in those BDs who maintained a pattern of excessive alcohol consumption. As we did not
analyze the neuropsychological performance prior to the onset of the pattern of alcohol
consumption, this could be interpreted either as a consequence of BD or as indicating a pre-
existing vulnerability. In this regard, two recent studies (Peteers, Monshouwer, Janssen,
Wiers, & Vollebergh, 2014; Peeters et al., 2015) suggested that poor WM functioning in the
SOPT (mean of the proportion of errors and mean of correct responses) constitutes both a risk
factor for heavy drinking and a function that is negatively influenced by alcohol. However,
the conclusions of these studies must be considered with caution as the sample comprised
adolescents with externalizing problems. Although chronic alcoholism is known to be related
to poor executive functions such as WM deficits and perseveration (Bernardin, Maheut-

Bosser, & Paille, 2014), few studies have investigated perseveration in young adult BDs.

16
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Regarding the third hypothesis, we did not find any differences between Ex-BDs and
stable non-BD, or between ex-BDs and their stable BD counterparts. Abandoning the BD
pattern of consumption, even recently, is associated with average performance in the SOPT.
It seems that WM deficits (perseveration and span weakness) are not long-lasting
consequences once the BD pattern of alcohol consumption is abandoned. These findings may
indicate partial recovery of the deficits in the short-term. This is consistent with other studies
carried out by our research group (L6pez-Caneda, Holguin, Corral, Doallo, & Cadaveira,
2014Db; Mota et al., 2013), in which Ex-BDs displayed an intermediate position between the

two groups (non-BDs and BDs) in cognitive performance.

The main limitation of this longitudinal study is the sample attrition. This mainly
affected analysis of the progression of stable BDs over time (each follow-up compared with
baseline), especially at the final follow-up (in which no statistically significant differences
were observed). Nonetheless, GLMMs are particularly useful in longitudinal designs,
offering the advantage of handling different number of participants in each evaluation. This
means that a participant evaluated three times but not included in the final evaluation was
included in the analysis up to that point. Thus, the findings related to the stable trajectories of
consumption are less affected by this limitation, as a greater number of data points are
considered in each trajectory. Furthermore, these models also deal with the response
correlation in repeated measures (such as correlated measurement errors and participant’s

heterogeneity), resulting in greater statistical power (Gibbons et al., 2010).

Another possible limitation of the present study is the fact that we did not carry out a
neuropsychological assessment of the participants before the onset of drinking. Thus, we
cannot determine the extent to which some of the cognitive deficits were already present
before the onset of alcohol use. Several functional studies have suggested the existence of
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some different brain activity prior to the onset of substance use, constituting a risk factor, and
that once initiated, heavy drinking may lead to additional brain alterations (Norman et al.,
2011; Squeglia et al., 2012b; Wetherill, Squeglia, Yang, & Tapert, 2013). Importantly,
deficits in WM may lead to a vicious circle of BD and further deficits, with an associated
greater likelihood of maintenance or escalation of heavy drinking (Peeters et al., 2014, 2015).
In this sense, possible intervention strategies for stable BDs who persist with this pattern into

adulthood may benefit from WM training (as suggested by Houben, Wiers, & Jansen, 2011).

These findings are of particular importance not only because WM is a central aspect
of reasoning, planning and decision-making (Diamond, 2013), but also because deficits in
WM may lead to alcohol-related problems in the future (Peeters et al., 2014). In conclusion,
the results of the present longitudinal study revealed that maintenance of a BD pattern of
alcohol consumption, even in university students with no other risk factors, is associated with
neuropsychological deficits in WM, particularly perseveration deficits and low WM span
over time. Regarding the progression of deficits, perseveration difficulties remained stable,
while certain improvements in WM were visible despite maintenance of the BD pattern.
Abandoning the pattern of alcohol consumption led to similar performance as in non-BDs,

which may be a sign of partial recovery.
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Table 1

Group means (standard deviation) for demographic and clinical data at baseline.

Non-BD BD

(n=76) (n=79)
Sex (m/f) 36/40 40/39
Age** 18.58 (0.60) 18.87 (0.63)
WAIS-I11 Vocabulary 12.56 (1.97) 12.11 (1.62)
GSI (SCL-90-R), Pc 46.39 (28.83) 50.09 (31.36)
Age of onset alcohol use*** 15.78 (1.04) 14.8 (1.30)
AUDIT total*** 2.95 (2.58) 12.22 (4.55)
Number of drinks per hour*** 1.04 (0.84) 3.39 (1.14)

Alcohol grams during the week

42.19 (52.79)

302.46 (251.13)

Alcohol grams the day of highest 27.63 (31.93) 166.69 (192.12)
consumption "

Occasional cannabis users*** 0 8
Occasional smokers** 3 24

Note. Five participants consumed cannabis monthly and three of them consumed cannabis
weekly.

@The week prior to the evaluation.

*p <.05, **p < .01, ***p <.001
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Table 2
Relationship between the effect of BD trajectory and scores in the SOPT. GLMMs.

GLMMs. Relative Risk (95% Cl)

Stable BD 2
(n=133)

Ex-BD 2
(n=65)

Total errors

Monitorization

Perseverative errors

Proactive Interference

Span 1° block 1° trial (6 items)
2° trial
3° trial

Span 2° block 1° trial (8 items)
2° trial
3° trial

Span 3° block 1° trial (10 items)
20 trial
3° trial

Span 4° block 1° trial (12 items)

20 trial

1.15 [0.90, 1.47]
1.17 [0.92, 1.49]
1.45 [1.05, 2.00]*
1.00 [0.80, 1.24]
0.98 [0.88, 1.09]
1.13[0.63, 2.03]
1.00 [0.89, 1.12]
1.00 [0.90, 1.11]
1.00 [0.61, 1.63]
1.00 [0.90, 1.11]

0.90 [0.82, 0.99]*

0.94 [0.63, 1.40]
0.88 [0.74, 1.05]
0.93 [0.84, 1.02]
1.00 [0.65, 1.53]

1.18 [0.90, 1.55]
1.25 [0.95, 1.64]
1.05 [0.71, 1.57]
1.00 [0.77, 1.29]
0.97 [0.85, 1.11]
0.82 [0.40, 1.69]
0.99 [0.87, 1.14]
1.00 [0.88, 1.13]
1.00 [0.54, 1.86]
1.00 [0.88, 1.13]
0.93 [0.83, 1.05]
1.13[0.70, 1.82]
0.88[0.72, 1.07]
0.91[0.81, 1.02]
1.00 [0.60, 1.67]

39 trial 0.92 [0.84, 0.99]* 0.97 [0.88, 1.08]

Note. This analysis examined working memory performance across 6 years based on binge
drinking patterns. Cl Confidence interval; GLMM= Generalized linear mixed model; BD=
Binge Drinking; SOPT= Self-Ordered Pointing Test.

aReference category: Stable non-BD trajectory (n=164).

*p <.05, **p < .01, *** p <.001
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Table 3

Progression of performance in stable BDs in comparison with baseline. GLMMs.

GLMMs. Relative Risk (95% CI)

First follow-up 2 Second follow-up 2 Third follow-up 2
Perseverative errors 0.75 [0.54, 1.06] 0.88[0.57, 1.37] 0.65[0.23, 1.82]
Span 3° block (10 items)
1° trial 1.10[0.94,1.28]  1.23[1.01, 1.49]* 1.28 [0.87, 1.89]
2° trial 0.95[0.76,1.19]  0.92[0.63, 1.02] 1.14[0.59, 2.15]
3° trial 1.13[0.95, 134] 1.03[0.81, 129] 1.06 [0.68, 1.65]
Span 4°lock (12 items)
1° trial 0.99[0.86,1.14]  1.23[1.03, 1.46]* 1.03[0.70, 1.52]
2° trial 0.93[0.76,1.14]  0.78[0.56, 1.04] 0.74 [0.40, 1.06]
3° trial 1.19[1.04, 1.37]*  1.14[0.95, 1.36] 1.11 [0.75, 1.64]

Note. Cl= Confidence interval; GLMM= Generalized linear mixed model.

2 Reference category: stable BD group performance in baseline. No significant effects were
found for 2° block and 1° block.

*p <.05, **p < .01, *** p <.001
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Highlights:
- Stable BD during college years is associated to poor working memory (WM).
- Improvement in WM span over time among BDs suggests a neuromaturational delay.

-Stable perseveration difficulties among stable BDs might be related to alcohol

consumption or represent a premorbid difference.

-Participants who abandon the BD pattern did not show WM deficits.
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