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RESEARCH ARTICLE
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of Groningen, University Medical Center Groningen, Groningen, the Netherlands

¤ Current address: Verslavingszorg Noord-Nederland, Groningen, The Netherlands
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Abstract
Current cognitive-motivational addiction theories propose that prioritizing appetitive, re-

ward-related information (attentional bias) plays a vital role in substance abuse behavior.

Previous cross-sectional research has shown that adolescent substance use is related to

reward-related attentional biases. The present study was designed to extend these find-

ings by testing whether these reward biases have predictive value for adolescent sub-

stance use at three-year follow-up. Participants (N = 657, mean age = 16.2 yrs at

baseline) were a sub-sample of Tracking Adolescents’ Individual Lives Survey (TRAILS),

a large longitudinal community cohort study. We used a spatial orienting task as a behav-

ioral index of appetitive-related attentional processes at baseline and a substance use

questionnaire at both baseline and three years follow-up. Bivariate correlational analyses

showed that enhanced attentional engagement with cues that predicted potential reward

and nonpunishment was positively associated with substance use (alcohol, tobacco, and

cannabis) three years later. However, reward bias was not predictive of changes in sub-

stance use. A post-hoc analysis in a selection of adolescents who started using illicit

drugs (other than cannabis) in the follow-up period demonstrated that stronger baseline

attentional engagement toward cues of nonpunishment was related to a higher level of

illicit drug use three years later. The finding that reward bias was not predictive for the in-

crease in substance use in adolescents who already started using substances at base-

line, but did show prognostic value in adolescents who initiated drug use in between

baseline and follow-up suggests that appetitive bias might be especially important in the

initiation stages of adolescent substance use.
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Introduction
Substance abuse and dependence are major problems at both the individual and the societal
level. Substance use often starts in adolescence [1], and it has been found that a younger age at
the onset of use is a risk factor for later dependence and abuse [2–5], with the greatest risk for
youth beginning to use in the teenage years [2]. Germane to this, there is growing evidence that
appetitive, reward-related attentional bias plays a role in substance (mis)use. Through condi-
tioning, substance-related stimuli can become cues of reward (or relief), which then attract at-
tention. Once the cues have been noticed, they may elicit craving and behavioral dispositions
to approach and consume the drug [6–8]. There is evidence that attentional bias toward specif-
ic drug cues is related to drug behavior [6,9,10]. Attentional bias toward general cues of reward
should similarly increase the likelihood of drug cues attracting attention (given their status as
cues of reward). That is, people who respond strongly to general reward cues might be more
willing to try and use more substances, than those who are less attentive to cues of reward. Sup-
port for this idea is found in previous studies that have demonstrated that attentional biases for
general reward cues are positively related to alcohol use in students [11], and to substance use
in (young) adolescents [12].

These previous studies on the relationship between substance use and attentional bias to-
ward reward have used the Spatial Orienting Task [13] as a measure of attentional processes to-
ward cues of general reward [11,12]. This task was developed to explore to what extent people
direct and hold their attention to places where a potential reward or prevention of punishment
(i.e., nonpunishment) are expected. In terms of Gray’s Reinforcement Sensitivity Theory, the
Behavioral Approach System (BAS) is proposed to be responsible for organizing behavior in re-
sponse to appetitive stimuli, including reward and nonpunishment [14,15]. Attentional biases
as indexed by the spatial orienting task (SOT) have been linked to reward and punishment re-
lated processes, suggesting that this task is useful for assessing prioritized processing of both
positive and negative incentives [11,16,17]. Although previous research has found a consistent
link between adolescent substance use and high self-reported reward sensitivity [18–21], rela-
tively little research has examined whether behavioral measures of reward and punishment
sensitivity are related to substance use.

Using a SOT as an index of reward-related attentional bias, it was previously found that ad-
olescents who attended more quickly to places where a reward or nonpunishment was expected
reported a higher level of alcohol, tobacco, and cannabis use [12]. Although these earlier find-
ings are consistent with the idea that heightened reward-related attentional bias plays a role in
substance misuse, the cross-sectional design of that previous study prevents the ability to make
directional inferences regarding the relationship between reward-related attentional biases and
substance use. Therefore, the present study used a longitudinal approach to examine whether a
general reward-related attentional bias would show a prospective relationship with adolescent
substance use at a three-year follow-up, and whether reward bias would also predict the in-
crease in substance use within this follow-up period. First, we tested the hypothesis that an at-
tentional bias toward cues of reward and nonpunishment would be associated with high levels
of prospective substance use. In line with the previous cross-sectional findings, we expected
this bias to emerge as an enhanced engagement toward both rewarding cues and cues of non-
punishment. To enable comparison with our previous cross-sectional findings, we again fo-
cused on the prediction of alcohol, tobacco, and cannabis use. Second, we tested if reward-
related attentional bias has predictive value for prospective substance use over and above initial
substance use during the baseline assessment. If reward-related attentional bias would indeed
precede an increase in substance use, this would point to reward-related attentional bias as a
promising focus of preventive interventions.
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Materials and Methods

Participants and Recruitment
For the current study we used the same sample as van Hemel-Ruiter et al. [12]. Participants
were a sub-sample of Tracking Adolescents’ Individual Lives Survey (TRAILS), a large prospec-
tive population study of Dutch adolescents with bi or triennial measurements from age 11 to at
least age 25. This cohort of 2230 adolescents (Baseline: mean age = 11.09 years, SD = 0.56,
50.8% female, response rate 76%) was recruited via primary schools in five northern munici-
palities (including urban and rural areas) and constituted of 64% of all children born between
October 1989 and September 1990 (first three municipalities) or October 1990 and September
1991 (last two municipalities) in these areas (for more details [22,23]). The present study re-
ports data from the third (T3; from 2005 to 2007) and fourth (T4; from 2008 to 2010) assess-
ment wave, with the fourth wave being three years following the third. In T3 a total of 1816
(81% of initial sample, mean age T3 = 16.3, range = 14.7–18.7), and in T4, a total of 1881 (84%
of initial sample, mean age T4 = 19.1, range = 18.0–20.9) adolescents participated [24]. For rea-
sons of feasibility and costs, a focus cohort of 744 adolescents was invited to perform a series of
laboratory tasks on top of the usual assessments, of which 715 (96% of initial sample) agreed to
participate. Adolescents with a high risk of mental health problems had a greater chance of
being selected for the experimental session. High risk was defined based on temperament (high
frustration and fearfulness, low effortful control), lifetime parental psychopathology (depres-
sion, anxiety, addiction, antisocial behavior, psychoses), and living in a single-parent family. In
total, 66% of the focus cohort had at least one of these risk factors. The remaining 34% were
randomly selected from the low-risk TRAILS participants. Hence, the focus cohort still repre-
sented the whole range of problems seen in a normal population of adolescents, which made it
possible to represent the distribution in the total TRAILS sample by means of sampling weights
(for more detailed information on the selection procedure and response rates within each stra-
tum, see [12]). Around 92% of this focus cohort (n = 654) had completed both the Spatial Ori-
enting Task at T3 and the Substance Use Questionnaire (SUQ) at T3 and T4. As a result of the
exclusion of 61 participants, who carried different weights, the use of this weighting procedure
resulted in a deviant final weighted sample size of 657. Due to a small percentage of missing
values (<0.5%) we imputed the data-set by conducting mean substitution. Descriptive statistics
of the final imputed sample in T3 and T4 (weighted estimates) are presented in Table 1.

Table 1. Sample Characteristics (N = 657a).

Baseline (T3) 3-year follow-up
(T4)

Variable

Female Gender 52.3% 52.3%

Age (mean [SD]) 16.1 [0.59] 19.0 [0.54]

Servings alcohol/week previous monthb (median [range]) 4.00 [0–69.5] 6.30 [0–73.5]

Cigarettes/week previous month (median [range]) 0.00 [0.0–210] 0.00 [0–224]

Frequency of cannabis use over previous month (median
[range])

0.00 [0.0–
40.0]

0.00 [0–40.0]

Lifetime user of illicit drugs (other than cannabis) 5.5% 13.6%

Lifetime abstainer of alcohol, tobacco and drugs 6.1% 3.1%

a The sample size reported reflects the weighted sample size.
b One serving of alcohol contains approximately 11 ml of pure alcohol.

doi:10.1371/journal.pone.0121058.t001
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The experimental protocol and consent procedure were approved by the Central (Dutch)
Committee on Research Involving Human Subjects (CCMO). All participating adolescents and
their parents gave written informed consent.

Procedure
Laboratory Behavioral Assessment. As an index of attentional bias for appetitive stimuli

we used the Spatial Orienting Task [16]. The SOT was the first computer task of a larger set of
experimental tests, included in the third assessment wave. The test assistants received extensive
training in order to optimize standardization of the experimental session. Participants were
tested on weekdays, in a sound-attenuating room with blinded windows at selected locations in
the participants’ town of residence.

Spatial Orienting Task. The task was presented on a Philips Brilliance 190 P monitor con-
trolled by an Intel Pentium 4 CPU computer using E-prime software version 1.1 (Psychology
Software Tools Inc, Pittsburgh, Pennsylvania). Participants were seated 50 cm away from the
screen and responses were collected on the computer’s keyboard.

Task description. In collaboration with Derryberry and Reed, we programmed a SOT that
was virtually identical to their original task [16]. The task consisted of four positive and four
negative blocks of trials (games), which alternated in sets of two, starting with two positive
games. On positive blocks, participants gained 10 points for fast responses, and did not gain
points for slow responses (definitions of fast and slow are given below). On negative blocks,
participants lost 10 points for slow responses, and did not lose points for fast responses. Re-
gardless of the block, ten points were lost for inaccurate responses. To enhance motivation,
participants were informed that those with the highest scores in the positive games would win
a price, while extremely low scores in the negative games could result in having to do the task
again, until performance would be good enough. Therefore, the feedback on scores was used to
enhance motivation to play the game as fast and accurate as possible.

Stimuli. Throughout each game, two vertical black bars were displayed against a white
background, which marked the location of the cues and targets. Participants were instructed to
fixate on the score which was presented in black at the screen’s center. The score was updated
after each response (see below) and remained on the screen throughout the trial. Each trial
began with turning the fixation score off for 200 ms and then back on for 250 ms. Next, a cue
arrow replaced one of the two vertical black bars. After a delay of 250 (short delay) or 500 ms
(long delay), a target appeared. The target was a small vertical gray rectangle centered within
the cue arrow (cued target) or within the vertical black bar on the opposite side of the fixation
score (uncued target). Participants were told that a blue up-arrow (easy cue) signaled that a tar-
get appearing in that location (cued) would be ‘easy’ (i.e., own mean RT + 0.55 SD to react)
and result in a sufficiently fast response about 75% of the time, whereas a target in the uncued
bar’s position would be ‘hard’ (i.e., own mean RT − 0.55 SD to react), that is, resulting in a too
slow response about 75% of the time. A red down-arrow (hard cue) indicated that a cued target
would be ‘hard’ (the response would be too slow 75% of the time) and an uncued target ‘easy’
(the response would be sufficiently fast 75% of the time). Additionally, they were informed that
the cue would also indicate the probable location of the target, with 2/3 of the targets appearing
in the cued location, and that occasionally no target would appear (catch trials). Participants
were instructed to press the ‘b’ key as soon as they detected the target. Pressing the key before
the target appeared or when no target appeared resulted in a loss of 10 points. Each block con-
sisted of 32 cued, 16 uncued, and 8 catch trials, randomized across subjects (i.e., for every sub-
ject trials were presented in an independent order). Five hundred ms after the response (or 1 s
following the delay interval on catch trials), the cue arrow and target were removed by
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reinstating the two black bars, and a feedback signal was presented below the central score.
Feedback consisted of the same arrows as used for the cues. A blue up-arrow indicated a fast re-
sponse or (accurate) non-response on catch trials. A red down-arrow signaled a slow response
or (inappropriate) response on catch trials. After a delay of 250 ms, the score was updated (if
changed). After a randomly selected ITI of 500 or 1000 ms, the next trial began by removing
the feedback signal and blanking the score for 200 ms (see [12] for more detailed descriptions
of this task).

Feedback computation. At the end of each game, the participant’s median RT and stan-
dard deviation were computed to calculate cut-offs for fast and slow responses on the next
game of the same type (positive or negative). Consistent with the previous work of Derryberry
and Reed, for easy targets, the response was labeled as fast if the RT was less than the median
plus 0.55 times the standard deviation. For hard targets, a response was treated as fast if the RT
was less than the median minus 0.55 times the standard deviation. If RTs equaled or exceeded
these cut-offs, they were treated as slow. Because RTs tend to be about 25 ms slower after short
delays, 12 ms were added to the cut-off for short-delay trials and subtracted for long-delay tar-
gets (see [12] for more detailed task description, also see [16]. Because the response-window
was adapted on-line on the basis of the participant’s individual performance, there were no
participants with extremely low scores.

Self-Reported Substance Use. Measures of alcohol, tobacco, cannabis, and other drug use
were part of a larger self-report survey. At the third assessment wave, participants filled in
these questionnaires at school, which was supervised by test assistants (see [25]). At the fourth
assessment wave a web-based survey method was used (see [24]). Substance use was calculated
on quantity and frequency items of alcohol use (seven items, e.g., At how many days did you
drink alcohol last week, How many times did you drink alcohol in your lifetime?), tobacco use
(three items, e.g., Did you ever smoke, even if it was just one cigarette or a few drafts?), and
cannabis use (three items, e.g., How many times did you use weed or hash in the last four
weeks?) (See S1 Table for an overview of all substance use questions). Drug use other than can-
nabis was left out of the substance use variable, to enable comparison with our previous cross-
sectional findings [12]. Because of their different scaling, standardized scores were used to cal-
culate measures for alcohol, and cannabis use. Finally, as an index of general substance use, we
used the means of the alcohol, tobacco, and cannabis measures to calculate a substance use
measure (see the S1 Table for the Cronbach’s alphas).

Data Reduction and Analysis
The SOT reaction time data were analyzed following Derryberry and Reed [16]. Trials with re-
action times below 125 ms (probable anticipations) and above 1000 ms (probable distractions)
were removed. Mean reaction times for correct responses are reported in Table 2.

Further, we computed the engagement and disengagement scores. That is, from positive
game RT scores engagement towards reward was calculated by subtracting RT cued blue trials
from RT cued red trials in the positive games, whereas difficulty to disengage from reward was
calculated by subtracting RT uncued red trials from uncued blue trials. From negative game RT
scores engagement towards non-loss was calculated by subtracting RT cued blue trials from RT
cued red trials in the positive games, whereas difficulty to disengage from non-loss was calcu-
lated by subtracting RT uncued red trials from uncued blue trials. Hence, attentional bias for
reward was represented in the positive games as both (1) a faster engagement toward cues of
expected gain (blue arrow acting as correct cue for target; cued blue trials) than toward cues of
expected non-gain (red arrows acting as correct cue for target; cued red trials) and (2) a slower
disengagement from expected gain (blue arrow acting as incorrect cue for target; uncued blue
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trials) than from expected non-gain (red arrows acting as incorrect cue for target; uncued red
trials). Analogously, attentional bias for nonpunishment was represented in the negative
games, by both (1) a faster engagement toward cues of expected non-loss (blue arrows acting as
correct cue for target; cued blue trials) than toward cues of expected loss (red arrows acting as
correct cue for target; cued red trials) and (2) slower disengagement from expected non-loss
(blue arrow acting as incorrect cue for target; uncued blue trials) than from expected loss (red
arrows acting as incorrect cue for target; uncued red trials). All scores were separately calculat-
ed for short-delay and long-delay trials (i.e., when there was less or more opportunity for vol-
untary control processes to regulate attention).

To investigate the relationship between attentional biases and prospective substance use we
first performed a bivariate correlational analysis, which included prospective substance use,
gender, age, all eight engagement and disengagement scores, and baseline substance use. Next,
to test the unique predictive contribution of all engagement and disengagement scores, and
baseline substance use in the prediction of substance use three years later we performed a step-
wise hierarchical regression. Step 1 included age, gender, and baseline substance use and step 2
included the eight engagement and disengagement scores.

Results

Reliability
Split-half correlations with Spearman-Brown corrections demonstrated substantial internal
consistency for SOT mean RT’s (rs = 0.54–0.79) whilst attentional bias scores showed only low
to moderate internal consistency (rs = 0.00 to 0.34).

Correlation analysis
Our first hypothesis was that prospective substance use would be predicted by baseline engage-
ment toward both rewarding cues and cues of nonpunishment. Table 3 shows that engagement
toward rewarding cues (but only for long-delay trials) and engagement toward cues of nonpun-
ishment (but only for short-delay trials) correlated weakly to prospective substance use. Addi-
tionally, prospective substance use was weakly correlated with gender, and very strongly with
baseline substance use (r = 0.72, p< 0.01).

Regression analysis
The hierarchical regression analysis showed gender, and baseline substance use predicted
unique variance of adolescent substance use three years later, but the engagement and dis-
engagement scores showed no predictive validity on top of these variables. Overall, the full

Table 2. Mean score reaction times (M in ms) and standard deviations (sd) of SOT scores (N = 657ª).

Type of game Short Delay Long Delay

Cued Uncued Cued Uncued

Easy Hard Easy Hard Easy Hard Easy Hard
M(sd) M(sd) M(sd) M(sd) M(sd) M(sd) M(sd) M(sd)

Positive 335(41) 366(47) 467(89) 470(89) 341(576) 378(67) 384(77) 377(73)

Negative 329(45) 357(52) 455(88) 458(92) 331(58) 365(67) 381(81) 373(77)

Note: SOT = Spatial Orienting Task.
a The sample size reported reflects the weighted sample size.

doi:10.1371/journal.pone.0121058.t002
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model explained 52% (R² adjusted = 0.52, F(11, 645) = 64.48, p<0.001) of all variance
(Table 4). The model showed that male adolescents showed a larger increase in substance use
than female adolescents, yet reward related attentional biases showed no predictive value for
future substance use over three years follow-up.

Post-hoc analysis
That reward biases did not contribute to the increase in substance use over three years was un-
expected. This could indicate that these reward biases are not involved in the increase of exist-
ing substance use, but in initial use. The incidence of alcohol, tobacco, and cannabis use at
baseline was too high to explore this possibility. In contrast, only 5.5% of the adolescents in the
current sample had used illicit drugs other than cannabis at baseline, while 13.4% had used
these drugs three years later. We first tested the predictive value of attentional biases at T3 on
illicit drug use (user/nonuser) at T4 by performing a logistic regression analysis in the subsam-
ple of non-illicit (other than cannabis) drug users at T3. The results showed that none of the at-
tentional bias scores, but only substance use (OR = 5.25, Wald = 56.37, p<0.01) at T3 could
predict whether one would start using illicit drug in between T3 and T4. We therefore selected
the adolescents who started using illicit drugs in between baseline and follow-up (n = 53), and
examined the prospective relationship between the strength of reward-related biases and the
level of subsequent illicit drug use to shed light on the relationship between reward biases and
substance use in the initiation stage. First, we performed a bivariate correlation analysis includ-
ing age, gender, substance use T3, all engagement and disengagement scores and illicit drug
use at follow-up. The correlational analysis showed that gender, age, and engagement toward
nonpunishment in the long-delay trials were positively related to illicit drug use at follow-up.

Table 3. Bivariate correlations of attentional bias scores and substance use (N = 657ª).

1 2 3 4 5 6 7 8 9 10 11 12

1 Prospective substance use -

2 Gender b 0.12** -

3 Age at follow-up 0.07 0.02 -

4 Attentional engagement toward reward (short-
delay)

0.04 0.03 −0.07 -

5 Difficulty disengaging from reward (short-delay) −0.07 −0.07* −0.01 −0.04 -

6 Attentional engagement toward nonpunishment
(short-delay)

0.11** 0.03 −0.09* 0.29** −0.05 -

7 Difficulty disengaging from nonpunishment
(short-delay)

0.00 0.05 0.04 0.01 0.03 −0.07 -

8 Attentional engagement toward reward (long-
delay)

0.11** 0.00 -0.02 0.24** 0.01 0.13** −0.06 -

9 Difficulty disengaging from reward (long-delay) −0.01 0.00 0.00 −0.02 0.04 −0.09* −0.03 −0.01 -

10 Attentional engagement toward nonpunishment
(long-delay)

0.06 0.03 −0.05 0.25** 0.04 0.20** 0.04 0.20** 0.01 -

11 Difficulty disengaging from nonpunishment
(long-delay)

−0.03 −0.01 −0.04 −0.01 0.04 −0.08* 0.00 −0.08* 0.04 0.00 -

12 Baseline substance use 0.72** 0.02 0.10** 0.10* −0.04 0.13** 0.02 0.14** −0.02 0.07 -0.02 -

* p < 0.05.

** p < 0.01.
a The sample size reported reflects the weighted sample size.
b 0 = Female, 1 = Male.

doi:10.1371/journal.pone.0121058.t003
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Subsequently, we conducted a regression analysis in the prediction of level of illicit drug use
three years later and included gender, age and substance use at T3 in step 1, and engagement
toward nonpunishment in the long-delay trials in step 2. This full model explained 30% (R² ad-
justed = 0.24, F(4, 48) = 5.20, p<0.01) of all variance (Table 5), and showed that age and en-
gagement toward nonpunishment in the long-delay trials explained unique variance. That is,
within the group of adolescents who started using illicit drugs in between both measures those
who were older, and those who showed stronger engagement toward longer presented cues of
nonpunishment reported a higher level of illicit drug use. Because of the skewed distribution of
illicit drug use, we log10 transformed this variable, and repeated the analysis with this trans-
formed variable as the dependent variable in the regression model. The results of the analysis
were comparable to the original analysis. We therefore chose to report only the original
analysis.

Discussion
Previous cross-sectional research has shown that adolescent substance use is related to a rela-
tively strong automatic engagement toward nonpunishment and a relatively strong voluntary
engagement toward reward [12]. As an important next step, the present study tested whether
these reward-related attentional biases would also show a predictive relationship with adoles-
cent substance use at a three-year follow-up. This relationship was tested in a large representa-
tive cohort of adolescents. The criterion validity of reward-related attentional biases was
supported with results showing that a relatively strong automatic engagement toward

Table 4. Hierarchical regressionmodel for variables explaining prospective substance use (N = 657ª).

Variable Beta T R² Change

Step 1

(Constant) −0.10

Gender b 0.11 3.86**

Age 0.00 −0.00

Baseline Substance Use 0.71 26.13** 0.52

Step 2

(Constant) −0.04

Gender b 0.10 3.80**

Age 0.00 −0.06

Baseline Substance Use 0.71 25.50**

Engagement toward reward (short-delay) −0.05 −1.64

Engagement toward nonpunishment (short-delay) 0.02 0.53

Engagement toward reward (long-delay) 0.02 0.54

Engagement toward nonpunishment (long-delay) 0.02 0.68

Disengagement from reward (short-delay) −0.03 −1.00

Disengagement from nonpunishment (short-delay) −0.01 −0.50

Disengagement from reward (long-delay) 0.01 0.31

Disengagement from nonpunishment (long-delay) −0.02 −0.70 0.00

Note: R² final model = 0.52**, Adjusted R² = 0.52.

* p < 0.05.

** p < 0.01.

ª The sample size reported reflects the weighted sample size.
b 0 = Female, 1 = Male.

doi:10.1371/journal.pone.0121058.t004
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nonpunishment and a relatively strong voluntary engagement toward reward correlated with
adolescent substance use at three-year follow-up. However, the findings did not support the
idea that reward-related attentional biases predict changes in substance use behavior. This lead
to the idea that these reward biases might not be involved in the increase, but specifically in the
initiation phase of substance use. The post-hoc analysis that was restricted to the subgroup of
adolescents who started using illicit drugs (other than cannabis) in the three years following
the assessment of the biases provided preliminary supportive evidence for reward-related at-
tentional bias as a predictor of future drug use. Stronger voluntary engagement toward non-
punishment showed independent predictive value for the prospective level of illicit drug use.

This study therefore leads to three main findings. First of all, it extends the previous finding
that adolescent substance use is related to relatively strong preferential orienting of the atten-
tion toward cues of reward and nonpunishment [12]. That is, this study elongated the previous
study by showing that reward bias was not only correlated with substance use at the same time,
but also with substance use at three years follow up.

Second, the appetitive attentional biases that were correlated with substance use represented
the attentional process of enhanced engagement to reward and nonpunishment related cues,
instead of a difficulty to disengage from these cues. It seems therefore that adolescent substance
use is characterized by preferential orienting of the attention, but not by a difficulty to redirect
attention away from appetitive cues. However, there is no straightforward explanation for the
apparent differential involvement of short-delay vs. long-delay trials in the engagement scores
for alcohol, tobacco, and cannabis use. Especially because the results showed differential pat-
terns related to the use of different substances. We can only speculate about the differential pre-
dictive value of more automatic and more controlled attentional engagement. One possibility
for this pattern could be that a strong automatic engagement toward nonpunishment relative
to punishment reflects a weak automatic tendency to attend to negative consequences (e.g.,
fear of getting a hang-over), and that a strong voluntary engagement toward reward relative to
nonreward represents a heightened voluntary tendency to attend to positive outcomes (i.e.,

Table 5. Hierarchical regressionmodel for variables explaining prospective illicit drug use (amphetamine, cocaine, magic mushrooms) in adoles-
cents who started using illicit drugs in between baseline and follow-up (N = 52a).

Variable Beta T R² Change

Step 1

(Constant) −2.72**

Gender ª 0.31* 2.44

Age 0.35** 2.78 0.24

Substance Use T3 0.21 1.68

Step 2

(Constant) -3.00**

Gender b 0.25 2.05*

Age 0.37** 3.05

Substance Use T3 0.12 0.97

Engagement toward nonpunishment (long-delay) 0.27* 2.11 0.07

Note: R² final model = 0.30**, Adjusted R² = 0.24

* p < 0.05.

** p < 0.01.
a The sample size reported reflects the weighted sample size.
b 0 = Female, 1 = Male.

doi:10.1371/journal.pone.0121058.t005
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attaining a pleasant feeling after substance use). Further, a strong voluntary engagement to-
ward nonpunishment relative to punishment could reflect a weak voluntary tendency to attend
to negative consequences. However, to reach a conclusive explanation, it is needed to replicate
and test further these indexes related to substance use.

Finally, we found no predictive involvement of appetitive bias in the increase in substance
use in adolescents who already started using substances. A post-hoc analysis did support a
prognostic relationship between appetitive bias and level of future substance use in those who
initiated the use of a substance (i.e., drugs) after the baseline assessment. These findings give
rise to the view that perhaps appetitive bias is especially important in the initiation stages of ad-
olescent substance use. Such a view would be in line with the idea that a heightened sensitivity
for stimuli that signal unconditioned reward and relief from punishment [14,15], might predict
the development of substance (ab)use. From this perspective, high attentional sensitivity to re-
ward-related stimuli might be a risk factor for heavy initial use, and other factors for the further
development and persistence of substance use once substance use behavior has reached a
certain level.

As a more critical test of the relevance of attentional bias for the start of using substances
such as alcohol, nicotine, and cannabis, it would be important to assess reward-related atten-
tional bias in an even younger sample before they start using these substances. This would give
the opportunity to investigate whether reward-related attentional biases precede the initiation
of adolescent substance use. In addition, it would be important for future research to examine
the effects of modifying attentional bias away from reward cues on subsequent substance use
(cf. [26] [27]), as this would provide important information regarding the causal status of
reward bias.

Several limitations of the study should be taken into account when interpreting the results.
Perhaps most important, it should be acknowledged that the effect-sizes of the predictive rela-
tionships were rather small (i.e., R² adj = 0.03). Nevertheless, given the relatively small range in
substance use in the sample, together with the methodological restrictions of the behavioral
measure used (i.e., reaction time measures such as the SOT provide only a rough indicator of
the actual attentional processes), small effects are also noteworthy. Further, the importance of
small effects in this research area is underscored by the considerable risks for negative health
and social consequences of substance use behavior. From this perspective, the convergence of
findings between the current study and previous research [12] suggests a reliable relation be-
tween attentional bias for reward and substance use that may serve as a potentially useful point
of prevention or intervention. A related limitation is, that although the RT’s scores showed
good internal consistency, attentional bias scores showed only low to medium split-half corre-
lations. However, for a good understanding of the reliability of this measure, also a test-retest
reliability has to be performed. Nevertheless, the interpretations of the SOT scores have to be
taken with caution, and more studies are needed to examine the psychometric properties of
this measure. An additional point of consideration is that participants might not have been
entirely honest in reporting their substance use. Yet, self-report measures of substance use
have been found to be valid and reliable as long as confidentiality and anonymity is guaranteed
[28] as was the case in the present study. Lastly, the performance measure was one of the
last in a longer sequence of behavioral tasks, and fatigue might have influenced participants’
performance.

In summary, consistent with the view that a generally enhanced attentional bias for appeti-
tive cues may set adolescents at risk for developing excessive substance use, this study showed
that enhanced attentional engagement toward cues of reward and nonpunishment was associ-
ated with adolescent substance use three years later. Although reward-related biases showed no
predictive value for an increase in use between middle and late adolescence, a post-hoc analysis
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provided first evidence that reward biases do have predictive value for the level of illicit drug
use for those who started using in the follow-up period. As a more critical test of the relevance
of attentional bias in the overall initiation of substance use it would be important to test re-
ward-related attentional bias in an even younger sample, in which participants have not already
started using addictive substances. Another interesting next step would be to follow an experi-
mental approach designed to reduce reward bias [29], and to test whether such manipulation
would prevent the initiation or reduce the level of substance use in adolescents. If so, this
would not only provide more direct support for the (causal) role of reward bias in adolescent
substance use, but also a fresh theory-derived clinical tool to prevent the development of sub-
stance abuse and addiction.

Supporting Information
S1 Table. Items and response categories of self-reported substance use, subdivided by sub-
stance (alcohol, tobacco, cannabis, illegal drugs). Note: Cronbach’s alpha alcohol items: base-
line = 0.87, follow-up = 0.86, Cronbach’s alpha tobacco items: baseline = 0.92, follow-
up = 0.93, Cronbach’s alpha cannabis items: baseline = 0.92, follow-up = 0.89, Cronbach’s
alpha illegal drug items: baseline = 0.54, follow-up = 0.58. Cronbach’s alpha alcohol, tobacco
and cannabis items: baseline = 0.69, follow-up = 0.62.
(PDF)
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