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Abstract: Increased motivation towards alcohol use and suboptimal behavioural control are 17 
suggested to predispose adolescents to Alcohol Use Disorders (AUDs). Paradoxically however, 18 
most adolescent AUDs resolve over time without any formal intervention, suggesting adolescent 19 
resilience to AUDs. Importantly, studies directly comparing adolescent and adult alcohol use are 20 
largely missing.  We therefore aimed to unravel the moderating role of age in the relation between 21 
alcohol use and motivational and control-related cognitive processes in 45 adolescent drinkers 22 
compared to 45 adults. The results showed that enhancement drinking motives and impulsivity 23 
related positively to alcohol use. Although enhancement drinking motives and impulsivity were 24 
higher in adolescents, the strength of the relation between these measures and alcohol use did not 25 
differ between age groups. None of the alcohol use-related motivational measures (i.e., craving, 26 
attentional bias, approach bias) and behavioral control measures (i.e., interference control, risky 27 
decision making, working-memory) were associated with alcohol use or differed between age 28 
groups. These findings support the role of impulsivity and affective sensitivity in adolescent 29 
drinking, but question the moderating role of age therein. The current study contributes towards 30 
understanding the role of age in the relation between alcohol use and cognition. 31 
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 33 

1. Introduction 34 

Adolescence is marked by increases in experimentation and risk taking, positively stimulating 35 
exploration, social development and growth towards independence [1]. Due to this very same 36 
experimentation and exploration, adolescents can also make potentially unhealthy choices, 37 
including those related to alcohol use. Indeed, the prevalence of binge drinking and Alcohol Use 38 
Disorders (AUDs) rapidly rises over the course of adolescence towards adulthood [2–4]. 39 
Paradoxically, adolescence also poses a window of opportunity to overcome AUDs as adolescents 40 
are highly flexible [1], less sensitive to the deleterious effects of brain trauma [5] and most 41 
adolescent AUDs resolve over time without any formal intervention [2]. Since most studies into 42 
AUDs in adolescents focus on this age group only, little is known about the potentially moderating 43 
role of age in the relation between alcohol use and cognition. Therefore, the current study aimed to 44 
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investigate the relation between motivation- and control-related cognitive functions and alcohol use 45 
in adolescents compared to adults.  46 

Excessive alcohol use and loss of control over alcohol use, often despite awareness of its 47 
negative consequences, are considered core features of AUD [6]. Population-based studies suggest 48 
that the earlier one starts drinking, the higher the risk to develop an AUD later in life is [7–10]. 49 
Multiple cognitive mechanisms are thought to increase adolescents’ propensity to develop an AUD. 50 
That is, normative reward, emotion and social sensitivity during adolescence [11] may result in 51 
strengthened motivational drives like craving, attentional bias (i.e., allocation and maintenance of 52 
attention) and approach action tendencies in response to alcohol and alcohol cues in adolescents 53 
compared to adults. In addition, greater reinforcement learning during adolescence [12] may 54 
further facilitate the formation of substance-biased motivational processes [13], which would result 55 
in stronger motivation for alcohol use in adolescents. Also, behavioral control is considered to be 56 
suboptimal in adolescence, especially in emotional and arousing (social) contexts in which alcohol 57 
is generally consumed [11], which may promote escalation of alcohol use. Moreover, alcohol use is 58 
known to negatively impact adolescent cognitive development [14] and the direct detrimental 59 
pharmacological impact of alcohol on brain and cognition may be larger during adolescence (for 60 
review see [15]), supporting a stronger negative relation between drinking and cognitive control in 61 
adolescents compared to adults. 62 

 Importantly, however, most knowledge about the relation between alcohol use and cognition 63 
is based on separate studies in adolescent and adult populations. To the best of our knowledge, 64 
only three studies directly compared adolescent and adult drinkers. While McAteer et al. [16] did 65 
not find a difference in attentional bias for alcohol pictures between light-to-heavy alcohol drinking 66 
adolescents and young adults, Scheel et al. [17] showed that a low dose of alcohol, compared to 67 
placebo, negatively affected attentional flexibility in adolescents but not adults. Finally, Rooke and 68 
Hine [18] showed that alcohol-biased memory associations predicted binge drinking more strongly 69 
in adolescents than in adults. However, the lack of matching of current alcohol use and related 70 
problem severity between the adolescent and adult age groups prevent us from drawing any strong 71 
conclusions about whether the relation between alcohol use and cognition differs between 72 
adolescents and adults.  73 

 Therefore, the aim of the current study was to further explore the moderating role of age in the 74 
relation between alcohol use and cognition in 45 light-to-heavy drinking adolescents between 16-17 75 
years and 45 adults between 30-35 years, closely matched for their monthly level of alcohol use and 76 
their alcohol use-related problems. We assessed a broad range of cognitive functions to tap into 77 
different motivational and control processes that are known to be associated with alcohol use and 78 
AUD [19,20]. Alcohol-oriented motivational processes were assessed, including measurements of 79 
alcohol craving, attentional bias, approach bias and explicit self-reported drinking motives, next to 80 
a more general assessment of appetitive and aversive motivational sensitivity. Regarding control 81 
processes, in addition to an impulsivity self-report, various aspects of executive functioning were 82 
assessed, including measures of cognitive control, risky decision-making and working memory. As 83 
described above, based on the theoretical framework of adolescent cognitive development, we 84 
expected adolescents to show stronger alcohol-oriented motivational processes but weaker control 85 
processes compared to adults. Further, we expected age to moderate the relation between 86 
motivational measures and measures of alcohol use and severity of alcohol use-related problems, 87 
such that a stronger association was expected in adolescents compared to adults. Moreover, the 88 
negative relationship between control measures and alcohol use severity was expected to be more 89 
pronounced in adolescents. 90 

2. Materials and Methods 91 

2.1. Participants  92 
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Light to heavy drinking adolescents (16-17 years; n = 45; n = 23 male) and adults (30-35 years; n 93 
= 48; n = 23 male) were recruited via social media advertisements. The two age groups were closely 94 
matched on average self-reported alcohol consumption (standard units per month), alcohol use-95 
related problems (Alcohol Use Disorder Identification Test [AUDIT; 21]; Figure 1), educational level 96 
and gender. To ensure an equal and homogeneous distribution of low to heavy drinkers in the 97 
adolescent and adult groups, recruitment was specifically targeted to drinking frequency (i.e., 98 
ranging from once a month to daily) and regularly adapted to complement the already included 99 
sample. Potential participants were excluded if they did not drink any alcohol, used psychotropic 100 
medication, had a history of mental illness or did not proficiently speak Dutch. Participant eligibility 101 
was initially verified via an online survey and later confirmed during the test session, which resulted 102 
in an additional exclusion of three adult females (two due to recent pregnancy-related abstinence, 103 
one due to insufficient proficiency of the Dutch language). See Table 1 for an overview of the sample 104 
characteristics of the final sample of 45 adolescents and 45 adults.  105 

2.2. Questionnaires on substance use and mental health 106 

The severity of alcohol use-related problems was measured with the 10-item AUDIT [21]. The 107 
AUDIT includes 3 questions on alcohol consumption patterns and 7 questions on frequency of use-108 
related problems, scaled from never (0) to almost daily (4) during the past year. The AUDIT is a well 109 
validated screening instrument for hazardous alcohol drinking and the two factor model seems 110 
generally supported [22]. Internal consistency of the AUDIT was acceptable in the present sample 111 
(Cronbach’s alpha of 0.70). In addition, detailed information was collected on the history of alcohol 112 
use (i.e., age first drink, age first binge, age first time drunk, average drinking days per month, 113 
standard drinks per drinking episode) and lifetime illicit substance use. The 6-item Fagerström Test 114 
for Nicotine Dependence (FTND) was administered to assess the severity of nicotine use disorder in 115 
daily smokers [23].  Among the 37 daily smokers in the current sample, internal consistency of the 116 
FTND was questionable (Cronbach’s alpha of 0.64). To characterise mental health in the current 117 
sample, the Beck Depression Inventory [BDI; 24] was used to assess the presence and severity of 118 
depressive symptoms. The BDI consists of 21 questions about how the participant felt during the past 119 
week with 4 answer options (rated from 0-3) to indicate intensity or frequency. Internal consistency 120 
of the total BDI sum-score was good in the present sample (Cronbach’s alpha of 0.80). Finally, the 121 
State-Trait Anxiety Inventory (STAI) was used to measure anxiety in two ways: as an emotional state 122 
(20 items on how one currently feels) and as a personal trait (20 items on how one generally feels) 123 
[25]. Items were rated on a 4-point Likert scale ranging from almost never (1) to almost always (4) 124 
and summed to obtain total scores. The internal consistency of the STAI was excellent in the present 125 
sample (Cronbach’s alpha of 0.90 for both the STAI-state and STAI-trait scale).  126 

2.3. Motivational and Cognitive Control measures 127 

Craving: Craving for alcohol was assessed at the start and at the end of the test session with two 128 
separate Visual Analogue Scales (VAS) asking how much they craved drinking alcohol. Responses 129 
ranged from ‘not at all’ (0) to ‘very much’ (10) and the difference between the post-session score and 130 
the pre-session score was used as a measure of session-induced craving.   131 
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Table 1. Sample Characteristics 132 

 Adolescents Adults   

 N Mean SD N Mean SD p  BF01 

Age 45 16.5 0.5 45 31.6 1.5   

Male 23   23     

Alcohol use         

- AUDIT total 45 9.5 5.0 45 8.9 4.5 0.593  4.00 

- AUDIT problems (sum AUDIT 4-10) 45 3.6 3.2 45 3.4 3.5 0.622† 4.04 

- Monthly use, (standard units) 45 40.5 37.9 45 40.7 30.9 0.478† 3.92 

- Monthly use (days) 45 6.1 0.7 45 12.6 1.2 0.000† 0.01 

- Drinks per drinking episode (standard 

units) 
45 6.3 0.5 45 3.3 0.3 0.000† 0.00 

- Age first drink 45 14.2 1.2 45 14.1 1.8 0.437† 3.49 

- Age first binge 43 15.0 1.1 45 16.4 2.5 0.001† 0.07 

- Age first time drunk 39 15.0 0.9 44 15.8 2.6 0.047† 1.23 

Nicotine dependence (FTND) 19 1.4 1.7 18 1.7 2.2 0.964† 3.01 

Lifetime Illicit substance (episodes) 44 5.0 21.1 43 17.1 36.9 0.011† 0.70 

Depression (BDI) 45 8.2 6.2 45 5.6 4.6 0.033† 0.43 

Anxiety (STAI)    

- State 45 32.0 7.3 45 34.4 8.8 0.168† 2.50 

- Trait 45 34.9 8.2 45 38.5 10.1  0.064 1.06 

Motivational and Control measures         

Session induced alcohol craving (VAS) 45 0.0 1.1 45 0.0 2.1 0.454† 3.69 

Alcohol attentional bias (Alcohol Stroop, s) 45 1.3 4.5 44 1.2 3.5 0.802† 4.45 

Cannabis-Alcohol Approach Avoidance task         

- Alcohol approach bias (ms) 44 -31.0 81.2 45 -10.6 83.7 0.246 2.48 

- Cannabis approach bias (ms) 44 -20.6 109.8 45 -17.8 79.1 0.891 4.47 

- Soda approach bias (ms) 44 -17.6 70.0 45 -8.4 79.9 0.565 3.89 

- Neutral approach bias (ms) 44 -18.4 85.9 45 -14.8 76.9 0.836 4.42 

Drinking Motives (DMQ-r)         

- Social 44 11.6 5.2 44 11.8 4.1  0.957† 4.47 

- Coping 44 3.8 4.3 44 3.4 3.1  0.836† 4.25 

- Enhancement 44 9.3 4.7 44 6.8 3.8  0.009† 0.24 

- Conformity 44 0.8 1.6 44 1.2 1.6  0.247† 3.25 

Impulsivity (BIS-11) 45 66.1 11.0 45 58.6 8.7 0.001 0.02 

Interference control (Classical Stroop) 45 0.7 0.1 45 0.7 0.1  0.597† 4.05 

Risky decision making (CCT, cards) 44 8.3 1.8 45 8.21 2.3 0.781 4.35 

Working memory (SOPT, correct clicks) 43 59.6 4.4 45 59.1 4.6 0.623 4.03 

SD: standard deviation; s: seconds; ms: milliseconds; AUDIT: Alcohol Use Disorder Identification Test; FTND: Fagerstrom 

Test for Nicotine Dependence; BDI: Beck Depression Inventory; STAI: State-Trait Anxiety Inventory; VAS: Visual 

Analogue Scale; DMQ-r: Drinking Motives Questionnaire Revised; BIS-11: Barratt Impulsiveness Scale; CCT: Colombia 

Card Task; SOPT: Self-ordered Pointing task; p-values reflect group comparison with independent sample t-test or non-

parametric Mann-Whitney U test†; BS01: Bayes factor likelihood H0 relative to H1 with default priors. 
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Attentional bias: Attentional bias for alcohol-related words was measured with the paper 133 
version of the Dutch Alcohol Stroop [26]. The Alcohol Stroop involves an alcohol and a neutral 134 
subtask. The alcohol subtask consisted of a sheet of paper on which 14 alcohol-related words were 135 
each printed in blue, red, yellow and green (52 words in total) in random order on a grey background. 136 
The neutral subtask was similar but contained 14 words related to office supplies, matched on length, 137 
number of syllabi and frequency to the alcohol-related words. Participants were instructed to name 138 
aloud the colours in which the words were printed as quickly as possible. Subtask order was 139 
counterbalanced between participants. Time to complete each subtask was recorded in seconds with 140 
a stopwatch. The alcohol attentional bias score was calculated by subtracting the response time of the 141 
neutral subtask from the response time of the alcohol subtask, such that a positive score would 142 
indicate slower colour naming for alcohol versus neutral words.  143 

Approach bias: The joystick Cannabis-Alcohol Approach Avoidance Task (CA-AAT; see [26] for 144 
a detailed task description) was used to measure approach bias towards alcohol-related pictures. To 145 
account for general substance, appetitive and neutral approach tendencies, the CA-AAT contained a 146 
cannabis, appetitive (non-alcoholic beverages) and neutral (office supplies) control condition. During 147 
the CA-AAT, participants viewed pictures tilted 3° to the left or right and were instructed to push 148 
(avoid) or pull (approach) the joystick in response to the tilt direction. Half of the participants were 149 
instructed to approach images tilted to the left and avoid images tilted to the right, while the other 150 
participants received opposite instructions. To increase approach and avoidance embodiment, 151 
pictures zoomed in during a pull response and out during a push response. The CA-AAT consisted 152 
of a cannabis and alcohol block, of which the order was counterbalanced across participants. The 153 
appetitive and neutral conditions were presented in both blocks. Each condition included 12 pictures 154 
that were presented in random order, repeated twice in pull and twice in push format, resulting in a 155 
total of 48 trials per condition. Reaction times were logged after a full push or pull response. 156 
Participants viewed a red cross after an incorrect response, after which the incorrect trial was 157 
repeated. The distance between the computer screen and the participant was held constant at 60 cm 158 
and the joystick was placed exactly in the middle of this distance. The alcohol, cannabis, appetitive 159 
and control approach bias scores were calculated by subtracting the average approach reaction time 160 
from the average avoidance reaction time for each category separately. As such, a positive score 161 
would represent a bias towards faster approach relative to avoidance responses. Internal consistency 162 
of the picture bias scores per category were poor (Cronbach’s alpha’s: alcohol = .38, cannabis = .51, 163 
appetitive = .39, control = .33), but not unusual for reaction time tests [27]. 164 

Drinking motives: The 20-item Drinking Motives Questionnaire-revised (DMQ-r) was used to 165 
assess frequency of self-reported drinking motives. The DMQ-r differentiates between four drinking 166 
motives: social, coping, enhancement, and conformity [28]. Participants were presented with 20 167 
different statements pertaining to the four drinking motives and asked to indicate on a 5-point Likert 168 
scale, ranging from rarely/never (0) to almost always/always (4), how often they drank alcohol for 169 
that particular motive. Individual item scores were summed to obtain each drinking motive score. 170 
Internal consistency was mostly good in the present sample (Cronbach’s alpha’s: social = .84, coping 171 
= .85, enhancement = .81, conformity = .64). 172 

Impulsivity: Impulsiveness was measured with the 30-item Barratt Impulsiveness Scale [BIS-11; 173 
29]. The BIS-11 consists of 30 items describing common impulsive behaviors. Items were rated on a 174 
4-point Likert scale ranging from rarely/never (1) to almost always/always (4). Individual item scores 175 
were summed to obtain subscale scores and a total score. Internal consistency was good (Cronbach 176 
alpha = .83) 177 

Interference control: The validated Dutch version of the Classical Stroop Task was used as a 178 
general measure of interference control [30]. The task consists of three subtasks with a fixed order, of 179 
which the first subtask required participants to read aloud four different colour words (green, red, 180 
blue, yellow, printed in black ink, each repeated 25 times) as fast as possible. The second subtask 181 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2020                   doi:10.20944/preprints202009.0131.v1

https://doi.org/10.20944/preprints202009.0131.v1


 6 

required participants to name the colours of 100 vertical colour bars in the same four colours (green, 182 
red, blue, yellow) as fast as possible. As a proxy of cognitive control, the third subtask introduced a 183 
conflict between the automatic process of word-reading and the process of colour naming; 184 
participants were required to name the ink colour of 100 incongruent colour words (e.g., red printed 185 
in blue ink) as fast as possible. The time to complete each subtask was recorded in seconds with a 186 
stopwatch. The Stroop interference score was calculated by dividing the reaction time for the second 187 
subtask by the reaction time for the third subtask. 188 

Risky decision making: The ‘hot’ version of the Columbia Card Task (CCT) is a dynamic 189 
computerized card game that is sensitive to individual and developmental differences in risk-taking 190 
behaviour [31]. The CCT contained 24 game-rounds during which participants were instructed to 191 
win as many points as possible by turning faced-down gain and loss cards. Each game-round started 192 
with a grid of 32 cards with varying numbers of hidden gain and loss cards. There are three game 193 
parameters: number of loss cards (1 or 3), loss amount (250 or 750 points), and gain amount (10 or 30 194 
points). These 8 unique trials were each repeated 3 times, resulting in a total of 24 game-rounds. 195 
Participants could freely turn as many cards as they liked until they hit a loss card, after which a new 196 
game round would start. The gain and loss points were added to a total score that was visible on the 197 
top of the screen. To further motivate participants, the deceptive instruction was given that the total 198 
points of three randomly selected game rounds would be paid out in real money. Higher risky 199 
decision making corresponds to turning more cards per round, as such, the average number of turned 200 
cards across all 24 game rounds was used in subsequent analyses. 201 

Working memory: Working memory was assessed with a computerized Self-Ordered Pointing 202 
Task [SOPT; 32]. The SOPT is a visual-spatial task during which participants need to remember what 203 
and where they clicked with the mouse cursor. During each trial, participants viewed a grid of 204 
different pictures and were instructed to click once on each picture. However, after each click, 205 
pictures shuffled location and participants were not allowed to click the same location twice in a row. 206 
The SOPT consisted of 8 trials with increasing difficulty; 2 trials with 6, 8, 10, and 12 pictures, first 207 
with objects (e.g., flower, book, shoe) and then repeated with more difficult abstract line drawings. 208 
Less errors would relate to better visual-spatial working memory, as such, total number of correct 209 
clicks was used in further analysis. 210 

2.4. Procedure 211 

The present study was approved by the local Ethics Committee of the Faculty of Social and 212 
Behavioural Sciences of Utrecht University. All test sessions took place at Utrecht University and at 213 
local libraries across the Netherlands. Participants provided active informed consent at the start of 214 
the test session. At least one week before the planned test session, adolescents’ primary caregivers 215 
received a study information letter with the option to withdraw the adolescent’s participation. The 216 
test session lasted ~ 95 minutes and both adults and adolescents received 15 Euros for their 217 
participation.  218 

Potential participants first filled out an online survey to screen for inclusion and exclusion 219 
criteria (e.g., age, average monthly alcohol consumption). Potential participants were subsequently 220 
contacted via email to provide all study details, verify eligibility and to make an appointment for the 221 
test session. The test session started with the informed consent procedure, after which the participants 222 
completed the first craving assessment. This was followed by the Alcohol Stroop, Classical Stroop, 223 
CA-AAT, CCT and SOPT. Task order was semi-random, with the classical Stroop always following 224 
the Alcohol Stroop to prevent training effects. All questionnaires were administered after the tasks 225 
and the test session was completed with the second craving assessment. 226 

 227 
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2.5. Data preparation and analysis 228 

Due to technical issues, data from the CA-AAT was missing for one adolescent, the SOPT for 2 229 
adolescents, and the CCT for one adolescent. Moreover, one adolescent and one adult did not fill out 230 
the DMQ.  Data were inspected to check for outliers (i.e., scores deviating more than 3 standard 231 
deviations from the group mean) and the assumption of normality. One adult had an alcohol 232 
attentional bias score deviating 4.7 standard deviations from the mean and was therefore excluded 233 
from further analysis. Regarding the CA-AAT, error trials were also removed and reaction time data 234 
were corrected for outliers by removing reaction times below 200ms, above 2000ms, and reaction 235 
times deviating more than 3 standard deviations from the individual mean per participant [26]. 236 

To investigate differences between adolescents and adults, demographic, substance use, mental 237 
health, motivational and control measures were first compared between groups with independent 238 
sample t-tests or non-parametric Mann-Whitney U tests in case of non-normally distributed data. 239 
Regarding the CA-AAT, to investigate group differences and whether the alcohol approach bias 240 
deviated from the cannabis, appetitive and neutral approach bias, a 2x4 repeated measures ANOVA 241 
was performed with Group (i.e., adolescent, adult) as between subject factor and Bias Condition (i.e., 242 
cannabis, alcohol, appetitive, neutral) as within subject factor. 243 

Next, non-parametric univariate Kendall’s tau rank correlations were computed to investigate 244 
the relation of alcohol use with motivational and control measures across age groups. To investigate 245 
different aspects of alcohol use, three separate outcome variables were chosen; alcohol use-related 246 
problem severity (sum AUDIT 4-10), number of drinking days per month, and number of drinks per 247 
drinking episode (standard units). Finally, a series of hierarchical regression analyses were conducted 248 
to investigate the potential moderating role of age group in the relationship between alcohol use and 249 
cognition. Simple moderation analyses were run separately for the three alcohol outcome measures 250 
and only run for those motivational and control measures that either differed between age groups 251 
(i.e., significant main effect age) or correlated with any of the three alcohol outcome variables (i.e., 252 
significant main effect cognitive measure). All independent variables were first zero-centered and 253 
interaction terms were calculated by multiplying the cognitive measure with age group. The simple 254 
effects of a cognitive measure and age group were jointly entered in a first step and the interaction 255 
between these two variables was entered in the second step. A bootstrapped approach (k = 5000) with 256 
95% confidence intervals was used to account for potential violations in distributional assumptions.  257 

Given the novelty of the age group comparison and to allow for novel hypothesis formation we 258 
decided not to correct for multiple comparisons. Instead, we complemented the frequentist analysis 259 
with Bayesian analysis to quantify evidence for the null hypothesis. Bayes factors (BF) are reported 260 
representing the probability of our data under the H0 relative to H1 with default priors (BF01). For 261 
interpretation of the evidence strength we followed Jeffreys [33]; Anecdotal (i.e., not enough evidence 262 
to support or refute H0) = BF 1-3, moderate = BF 3-10, strong = BF 10-30, very strong = BF 30-100, and 263 
extremely strong = BF > 100. Of note, evidence strength for H1 (i.e., BF10) can derived from 1/BF01. 264 
All analyses were run in JASP (JASP Team, 2019). 265 

  266 

3. Results 267 

3.1. Group comparison between adolescents and adults 268 

Total AUDIT (see Figure 1), AUDIT problems, average monthly alcohol use (standard units), 269 
and onset of alcohol use did not significantly differ between adolescents and adults, with moderate 270 
evidence levels (BF01 > 3, see Table 1). Despite similar levels of monthly alcohol use, the current 271 
data provided extremely strong evidence that for adolescents this amount was consumed over less 272 
occasions; adolescents reported significantly fewer drinking days per month (U = 457.0, z = 4.54, p < 273 
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0.001, r =0.68, BF01 = 0.007) and more standard drinks per drinking episode (U = 427.0, z = 4.76, p < 274 
0.001, r = 0.71, BF01 = 0.005). Some adolescents never binged (n = 2) or had never been drunk (n = 6), 275 
but among those participants who did, age of first binge (U = 587.5, z = 3.26, p = 0.001, r = 0.34, BF01 276 
= 0.07) and age of first time drunk (U = 646.5, z = 1.99, p = 0.047, r = 0.22, BF01 = 1.23) were 277 
significantly lower in adolescents compared to adults. Moreover, the current data provide 278 
anecdotal evidences for higher depressive symptoms (BDI; U = 748.5, z = 2.14, p = 0.033, r = 0.23, 279 
BF01 = 0.43) and lower lifetime illicit substance use (U = 678.5, z = 2.54, p = 0.011, r = 0.28, BF01 = 280 
0.70) in adolescents compared to adults. 281 

Regarding motivational and control measures, the current data provided very strong evidence 282 
for higher impulsivity (BIS-11; t = 3.58, p = 0.001, d = 0.76, BF01 = 0.02) and moderate evidence for 283 
higher enhancement drinking motives (DMQ-r; U = 675.5, z = 2.60, p = 0.009, r = 0.27, BF01 = 0.24) in 284 
adolescents compared to adults. None of the other measures significantly differed between groups, 285 
with moderate evidence levels (BF01 > 3, see Table 1). However, a non-parametric one-sample 286 
Wilcoxon signed-rank test showed that both adolescents and adults had a significant attentional 287 
bias (alcohol Stroop) towards alcohol (i.e., larger than zero, z = 2.20, p = 0.028, r = 0.23, BF01 = 0.17). 288 
Regarding the alcohol approach bias (CA-AAT), there was no significant main effect of Bias 289 
Condition (F(3,85) = 0.25, p = 0.86, partial η2 = 0.003, BF01 = 59.26) and Group (F(1,87) = 0.46, p = 0.50, 290 
partial η2 = 0.005, BF01 = 3.79), and no significant interaction between Bias Condition and Group 291 
(F(3,85) = 0.36, p = 0.78, partial η2 = 0.004, BF01 = 22.88), indicating that both age groups did not 292 
show a significant alcohol approach bias with moderate to very strong evidence levels. 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

Figure 1 Distribution of alcohol use-related problems in adolescent and adult participants. Red dotted lines 313 

reflect mean Alcohol Use Disorder Identification Test (AUDIT) score for adolescents (M = 9.5) and adults (M = 314 

8.9). 315 

  316 
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Table 2: Univariate association between alcohol use, motivational and control measures 317 

 318 

3.2. Associations of alcohol use measures with motivational and control processes 319 

Table 2 depicts the non-parametric Kendall’s tau rank correlation coefficients and BF01 of the 320 
alcohol use measures with the motivational and control measures. AUDIT problems correlated 321 
weakly positively with monthly drinking days (r = 0.30, p < 0.001, BF01 = 0.01) and drinks per 322 
episode (r = 0.25, p = 0.002, BF01 = 0.002), but monthly drinking days and drinks per episode did 323 
not correlate (r = -0.14, p = 0.09, BF01 = 0.78), supporting separate assessments of these variables in 324 
further analyses. There was very to extremely strong evidence for a weak to moderately positive 325 
correlation of AUDIT problems with social (r = 0.26, p < 0.001, BF01 = 0.014), coping (r = 0.29, p < 326 
0.001, BF01 = 0.002) and enhancement drinking motives (r = 0.41, p < 0.001, BF01 < 0.0001). 327 
Similarly, there was moderate to very strong evidence for a weak to moderate positive correlation 328 
of monthly drinking days with social (r = 0.24, p < 0.001, BF01 = 0.04), coping (r = 0.29, p < 0.001, 329 
BF01 = 0.002) and enhancement drinking motives (r = 0.21, p < 0.001, BF01 = 0.13). Drinks per 330 
episode correlated weakly positively with social (r = 0.19, p = 0.015, BF01 = 0.26) and enhancement 331 
(r = 0.37, p < 0.001, BF01 < 0.0001) drinking motives, with moderate to extremely strong evidence. 332 
Impulsivity correlated weakly positively with AUDIT problems (r = 0.17, p = 0.027, BF01 = 0.47) 333 
and drinks per drinking episode (r = 0.15, p = 0.045, BF01 = 0.79), with only anecdotal evidence.  334 
Evidence was generally moderate for the absence of a correlation between alcohol use and the other 335 
cognitive measures (i.e., BF01 > 3, see Table 2). However, the current data was insufficient to 336 
support or reject a relation between drinks per drinking episode and the attentional and approach 337 
bias, monthly drinking days and craving, and conformity drinking motives and AUDIT problems 338 
and monthly drinking days. 339 

 340 

measure AUDIT problems 
Monthly use  

(drinking days) 

Drinks per drinking 

episode (standard units) 

 r BF01 r BF01 r BF01 

Session induced alcohol craving (VAS) 0.08 4.06 0.11 2.10 -0.06 5.44 

Alcohol attentional bias (Alcohol Stroop) -0.01 7.10 -0.02 6.96 -0.12 1.94 

Alcohol approach bias (CA-AAT, ms) -0.08 3.90 0.08 3.92 -0.14 1.05 

Social drinking motives (DMQ-r)  0.26** 0.01 0.24* 0.04 0.19* 0.26 

Coping drinking motives (DMQ-r)  0.29** 0.00 0.29** 0.00 0.04 6.06 

Enhancement drinking motives (DMQ-r)  0.41** 0.00 0.21* 0.13  0.37** 0.00 

Conformity drinking motives (DMQ-r) 0.15 0.78 0.13 1.68 -0.08 3.78 

Impulsivity (BIS-11)  0.17* 0.47 -0.06 5.32 0.15* 0.79 

Interference control (Classical Stroop) 0.08 3.87 0.01 7.18 -0.03 6.53 

Risky decision making (CCT) -0.01 7.21 -0.02 6.90 -0.02 7.01 

Working memory (SOPT) -0.02 6.84 0.07 4.37  0.01 7.06 

Results of non-parametric Kendall’s Tau rank correlations (r) and Bayes factor likelihood  H0 relative to H1 with default 

priors (BF01). *p < .05, **p < .001; AUDIT: Alcohol Use Disorder Identification Test; VAS: Visual Analogue Scale; CA-

AAT: Cannabis Alcohol Approach Avoidance Task; DMQ-r: Drinking Motives Questionnaire Revised; BIS-11: Barratt 

Impulsiveness Scale; CCT: Colombia Card Task; SOPT: Self-ordered Pointing task. 
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3.3. Does age moderate the relation between alcohol use and cognition? 341 

Only impulsivity, and social, coping and enhancement drinking motives correlated with 342 
alcohol use. For these cognitive measures and the specific alcohol use measure they correlated with 343 
we investigated if age moderated the relationship. Impulsivity correlated weakly with social, 344 
coping and enhancement drinking motives (r = .16 - .26, ps < .032), while social, coping and 345 
enhancement correlated weakly to moderately with each other (r = .28 - .48, p < .001). Given these 346 
weak to moderate associations, we first conducted separate moderation analyses, but planned to 347 
conduct a combined analyses to assess individual contribution of each predictor in case of multiple 348 
significant moderation effects for a given dependent variable. Results of the bootstrapped 349 
moderation analyses and BF01 of including the interaction between cognitive measure and age to 350 
the null model including the main effects of cognitive measure and age are shown in Table 3. Age 351 
only moderated the association between social drinking motives and AUDIT problems (△R2 = .05, b 352 
= .34, p = .04, BF01 = .69), with a stronger positive association in adolescents (r = .39) compared to 353 
adults (r = .11). However, the evidence was anecdotal (BF01 close to 1) and the B confidence 354 
interval contained 0, reducing the confidence in this finding. None of the other interactions between 355 
age and cognition significantly explained variance in alcohol use. Evidence for the absence of a 356 
moderating effect of age in these analyses was anecdotal to moderate (BF01 between 1.13-3.86). 357 

 358 

Table 3 Outcomes moderation analyses 359 

Predictor Alcohol use outcome △R2 B 95% CI bca (B) SE (B) b p BF01 

Impulsivity (BIS-11) X age AUDIT problems 0.01 0.55 -7.23 – 1.81 0.65 0.13 0.45 1.43 

 Monthly use (drinking days) 0.03 2.83 -0.47 - 5.45 1.49 0.30 .05 0.59 

  
Drinks per drinking episode 

(standard units) 
0.01 0.52 -0.47 - 1.51 0.50 0.13 0.29 2.50 

Drinking motives (DMQ-r)         

Social X age AUDIT problems 0.05 1.31 -0.26 – 4.14 1.09 0.34 0.04 0.69 

 Monthly use (drinking days) 0.01 -1.47 -3.65 - 0.85 1.15 -0.17 0.24 2.13 

 
Drinks per drinking episode 

(standard units) 
0.02 0.89 0.02 - 1.95 0.50 0.24 0.10 1.13 

Coping X age AUDIT problems 0.00 0.14 -1.03 - 1.96 0.73 0.05 0.79 2.05 

 Monthly use (drinking days) 0.01 -1.16 -4.37 - 1.59 1.51 -0.13 0.38 2.81 

Enhancement X age AUDIT problems 0.01 0.39 -0.84 - 3.26 0.95 0.12 0.47 3.10 

 Monthly use (drinking days) 0.01 -1.82 -4.13 - 0.98 1.28 -0.20 0.15 1.80 

  
Drinks per drinking episode 

(standard units) 
0.00 0.19 -0.87 - 1.25 0.54 0.05 0.73 3.86 

CI bca: Confidence Interval bias corrected accelerated; SE: Standard Error; AUDIT problems: sum Alcohol Use Disorder 

Identification Test items 4-10; DMQ-r: Drinking Motives Questionnaire-revised; B, SE(B), 95% CI are based on 

bootstrapping results of 5000 replications. BS01: Bayes factor likelihood H0 relative to H1 with default priors of including 

cognition X age to null model including cognitive measure and age. 

 360 

 361 
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4. Discussion 362 

The current study aimed to unravel the moderating role of age in the relation between alcohol 363 
use and different motivational and control processes in adolescent drinkers compared to adults. 364 
Clear strengths of this study include the exploration of a wide range of cognitive measures with a 365 
frequentist and Bayesian approach and the direct comparison of adolescent and adult drinkers that 366 
were closely matched on monthly alcohol (drinks per month) consumption and alcohol use-related 367 
problems. Three different aspects of alcohol use were investigated; severity of alcohol use-related 368 
problems, drinking days per month, and drinks per drinking episode. The current data provide 369 
extremely strong evidence for more binge-drinking like behaviours, very strong evidence for higher 370 
impulsivity, and moderate evidence for higher enhancement drinking motives (i.e., drinking for 371 
positive affect) in adolescents compared to adults. Impulsivity and enhancement drinking motives 372 
also related positively to alcohol use, but independently of age. Coping and social drinking motives 373 
also related positively with alcohol use with some anecdotal evidence that the relation between 374 
social drinking motives and severity of alcohol use-related problems is stronger in adolescents. 375 
However, none of the other alcohol use-related motivational measures (i.e., craving, attentional 376 
bias, approach bias) and behavioral control measures (i.e., interference control, risky decision 377 
making, working-memory) were associated with alcohol use or differed between age groups. These 378 
findings support the role of elevated impulsivity and affective sensitivity in adolescent AUD risk, 379 
but question the role of craving, attentional bias, approach-bias and cognitive control  [13,19,20], 380 
and the moderating role of age therein. A detailed discussion of these findings is provided below. 381 

Impulsivity as measured with the BIS-11 [29] was higher in adolescents and positively related 382 
to alcohol use-related problems and drinks per drinking episode across age groups, but not to 383 
drinking days per month. Even though the evidence for a relation between impulsivity and alcohol 384 
use was small and anecdotal in the present study, the association between BIS-11 and various 385 
aspects of use is well replicated in light to heavy drinking adolescents and adults [e.g., 34–37]. 386 
Importantly, impulsivity is a complex multifaceted construct, and the BIS-11 is a self-report 387 
measure that typically poorly correlates with behavioural laboratory tasks of impulse control [38]. 388 
Although the nature and distinctiveness of different impulsivity components is part of current 389 
debate [39,40], the role of different impulsivity components is thought to vary over the course of 390 
alcohol use towards dependence [41,42]. Impulsivity is thought to peak during adolescence and 391 
individuals in which impulsivity declines more slowly towards adulthood are thought to be at a 392 
higher risk for increasing their alcohol use [43]. Moreover, impulsivity is thought to be both 393 
causally and consequentially related to addiction, interacting with many other addiction risk factors 394 
[44,45], including coping and enhancement drinking motives in the current study. These findings 395 
suggest a complex but developmentally sensitive role of impulsivity in alcohol use, but more fine-396 
grained longitudinal investigation including different behavioural and self-report measures of 397 
impulsivity are needed to draw a strong conclusion. 398 

 The four drinking motives defined by Cooper [28] pertain to the valence (positive or negative 399 
reinforcement) and the source (internally or externally driven) of drinking outcomes; people drink 400 
to enhance positive affect, to cope with negative feelings, to increase social connections, or to 401 
conform to social group norms and avoid peer rejections. A long line of research into drinking 402 
motives shows that adolescents and adults mostly drink for social reasons but the severity of 403 
alcohol use-related problems mainly relates to enhancement and coping motives [46]. Moreover, 404 
decreases in alcohol use-related problems over the course of adolescence towards adulthood relate 405 
to decreases in enhancement and coping motives [47]. Changes in drinking motives over time may 406 
thereby relate to AUD risk during adolescence, but resilience during emerging adulthood. The 407 
current data provided extremely strong support of a moderately positive relation of social, coping 408 
and enhancement motives with alcohol use-related problems. While social motives were most 409 
prevalent, coping motives were generally low and only enhancement motives were higher in 410 
adolescents compared to adults. Considering the potential moderating role of age, the current data 411 
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mostly provided anecdotal evidence (see Table 3), preventing us from drawing firm conclusions in 412 
this regard. A post-hoc explorative multiple regression analysis including all three motives 413 
indicated that only enhancement motives explained unique variance in problem severity (B = .30, 414 
95% CI (B) = .13 - .45, p = .001). These findings support a general role for enhancement, but not for 415 
coping, social and conformity motives in the severity of drinking across the current sample of 416 
adolescents and adults.  417 

 Based on primarily theoretical support [13,20], alcohol craving, attentional bias and approach 418 
bias were expected to be higher in adolescents but to relate to alcohol use irrespective of age. The 419 
results of the current study did not confirm this. Although both groups had an attentional bias 420 
towards alcohol, the current data provided moderate evidence that none of the alcohol oriented 421 
motivational measures differed between adolescents and adults. There was also moderate evidence 422 
for the absence of a correlation with alcohol use-related problems. Importantly however, our data 423 
was insufficient to support of refute a relation between drinks per drinking episode and the 424 
attentional and approach bias, and monthly drinking days and craving. While there is a general 425 
paucity of studies, two previous studies also did not find an age difference in craving and 426 
attentional bias between adolescents and adults [16,48]. Although there is substantial support for 427 
the role of approach bias in addiction, the generally poor reliability of the AAT and related 428 
measures is a known issue [27] that may explain the lack of an approach bias and a relation with 429 
alcohol use, and warrants the development of more reliable measures. Nevertheless, craving, 430 
attentional bias and approach bias are expected to selectively emerge in heavy and dependent 431 
users. Based on the AUDIT scores, half of the participants were ‘at-risk’ drinkers ([22]; see Figure 1). 432 
Inclusion of more frequent and dependent drinkers should therefore be considered in future 433 
studies. 434 

 The current data provided moderate evidence that adolescents and adults performed equally 435 
on the Stroop, CCT and SOPT, cognitive control-related tasks that respectively aimed to measure 436 
interference control, risky decision making and working memory. Of note, for most cognitive 437 
functions, the strongest development is seen before adolescence [49]. Improvement in interference 438 
control as measured with the Classical Stroop test and risky decision making, as measured with the 439 
CCT, between the age of 16 to 35 is generally subtle [31,e.g., 50]), which may explain the lack of a 440 
significant difference between our age groups. Working memory refers to maintenance, updating 441 
and manipulation of online information, which is a central cognitive function in which many other 442 
cognitive functions come together [51]. Supporting construct validity, SOPT performance correlated 443 
positively with STROOP (r = 0.18) and negatively with CCT performance (r = -0.23). Nevertheless, 444 
the SOPT is a relatively simple task that does not require information manipulation, which 445 
potentially explains the lack of a developmental difference. Moreover, relative insensitivity of the 446 
tasks to developmental changes between late adolescence and adulthood also hinders the detection 447 
of potential moderating effects of age on the relation between cognition and alcohol use. In the 448 
context of addiction vulnerability and adolescent to adult development [13], future studies are 449 
therefore recommended to specifically develop and include tasks that tap into the interplay 450 
between emotion regulation, affective reactivity and behavioral control, rather than assessing them 451 
as separate constructs. Furthermore, highlighted by the prevalence of social drinking motives, the 452 
moderating role of age on alcohol related cognitions may only be visible in a social context. While 453 
human studies on this topic are missing, animal studies support the differential relation between 454 
social cognition and alcohol use in adolescent versus adult rats [52]. 455 

Some limitations should be considered. Firstly, age directly relates to quantity and duration of 456 
alcohol exposure (i.e., adults have been drinking for a longer period of time). Although the absence 457 
of a significant age group difference for all cognitive tasks suggests a minimal role of duration of 458 
use, the current design cannot control for the differences in alcohol use history between adolescents 459 
and adults. Secondly, animal work suggests distinct vulnerability periods across adolescence, with 460 
higher vulnerability if alcohol use is started in early adolescence [15]. We tested older adolescents. 461 
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Since on average both adolescents and adults started to drink at the age of 14, a moderating role of 462 
age may then only be visible in even younger age groups, stressing the need for testing wider age-463 
ranges. Thirdly, the cross-sectional approach precludes causal inferences, for which either 464 
longitudinal studies before the onset of alcohol use or animal studies with direct control over 465 
alcohol exposure are needed.  Finally, as discussed above, the included motivational and control 466 
measures cover a limited part of functioning and the generalizability of the current results to other 467 
cognitive domains remains to be tested. 468 

5. Conclusions  469 

Despite similar levels of alcohol use-related problems and monthly alcohol use, adolescents 470 
showed more binge-like patters of alcohol use. The current data did not support a moderating role 471 
of age in the relation between alcohol use and cognition. However, the findings suggest an 472 
important role for impulsivity and enhancement drinking motives in adolescent alcohol use 473 
specifically, due to their elevated levels in adolescents compared to adults and their consistent 474 
relation with different alcohol measures. The current study therefore provides an important step 475 
towards understanding the role of age on the impact of alcohol on brain and behaviour. 476 
Nevertheless, a replication and extension to other cognitive domains and age ranges is warranted to 477 
further clarify the relation between age, cognition, and AUDs. 478 
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