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Impulsive and risky decision-making in adolescents
with attention-deficit/hyperactivity disorder (ADHD):
The need for a developmental perspective
Tycho J. Dekkers1,2,3,4,5, Erik de Water6 and Anouk Scheres7
Abstract
Impulsive and risky decision-making peaks in adolescence,
and is consistently associated with the neurodevelopmental
disorder Attention-Deficit/Hyperactivity Disorder (ADHD),
regardless of age. In this brief review, we demonstrate the
similarity of theoretical models explaining impulsive and risky
decision-making that originate in two relatively distinct litera-
tures (i.e., on adolescence and on ADHD). We summarize
research thus far and conclude that the presence of ADHD
during adolescence further exacerbates the tendency that is
already present in adolescents to make impulsive and risky
decisions. We also conclude that much is still unknown about
the developmental trajectories of individuals with ADHD with
regard to impulsive and risky decision making, and we there-
fore provide several hypotheses that warrant further longitudi-
nal research.
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Introduction
Reckless driving, trying drugs, having unsafe sex, or
conducting criminal behavior: impulsive or risky
decision making peaks during the adolescent years [1],
and is observed disproportionately often in individuals

with Attention-Deficit/Hyperactivity Disorder (ADHD)
[2]. This raises the questions (1) whether the presence
of ADHD during adolescence further exacerbates the
tendency that is already present in adolescents to make
impulsive and risky decisions, and (2) whether going
through adolescence further exacerbates the tendency
that is already present in individuals with ADHD to
make impulsive and risky decisions? The current review
is centered on these two research questions.

While the real-life examples above are often inter-

changeably referred to as impulsive or risky acts, in
psychological research, a distinction is made between
impulsive and risky decision-making [3,4]. Impulsive
decision-making refers to a preference for small, im-
mediate rewards over larger, delayed rewards [5,6].
Risky decision-making refers to a preference for choices
with a high variability in possible outcomes (i.e., large
uncertain rewards) over choices with lower variability in
potential outcomes (i.e., small certain rewards) [7,8].

According to dual-system models [9e12], impulsive and

risky behaviors peak in adolescence as result of an
imbalance between two brain systems and their in-
terconnections: (a) The early maturation of the affec-
tive system (involving ventral striatum, amygdala,
medial prefrontal cortex) that subserves emotion and
reward processing, and (b) the slower maturation of the
cognitive control system (involving lateral prefrontal
cortex and lateral parietal cortex). Similarly, the dual-
pathway model of ADHD [13e16] proposes two path-
ways that rather independently lead to the expression of
ADHD symptoms: (a) a dysregulated cognitive control

pathway (involving the dorsolateral prefrontal cortex
and dorsal striatum) characterized by weak response
inhibition and executive dysfunctioning, and (b) a
reward pathway (involving ventral striatum, amygdala,
ACC, and medial prefrontal cortex) characterized by a
shortened delay reward gradient. While there is clear
overlap in the systems proposed to play a role in
adolescence and ADHD, there are also important
www.sciencedirect.com
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differences. While an imbalance between systems is
proposed to be key during adolescence, ADHD models
do not necessarily suggest an imbalance, but rather
propose that “deficits” in either of these systems can
form a pathway to ADHD. Further, while the role of the
cognitive control system is suggested to be comparable
in adolescence and in ADHD (in both cases, a slowly
developing/immature cognitive control system), this is

not the case for the affective system. Dual-system
theories suggest that adolescence-induced hyper-
responsivity of this system leads to reward-seeking be-
haviors, whereas the dual-pathway model of ADHD
proposes a unique motivational style related to ADHD,
characterized by delay aversion.
Impulsive decision making
Impulsive decision making is typically assessed with
temporal discounting (TD) tasks [6], which involve
choices between a small, immediate reward (e.g., $2
today), and a larger, delayed reward (e.g., $10 after 30
days). Studies that included participants from a relatively
narrow age range showed that late adolescents choose
less impulsively than early adolescents on TD tasks [17],
that adolescents make less impulsive decisions than

children [18,19], but they make more impulsive de-
cisions than young adults [20,21]. However, studies
including participants with a wider age range found that
adolescents were less impulsive than both children and
young adults [22,23], which could reflect the fact that
adolescents may be able to engage the cognitive control
system more than children and young adults when they
are motivated by rewards [12]. Achterberg et al. [23]
found linear decreases in impulsive decisionmaking with
age in cross-sectional analyses, but non-linear (i.e.,
decreased impulsive decision making in adolescents
compared to young adults) effects of age in longitudinal

analyses. This suggests that longitudinal designs may be
more sensitive to detecting subtle individual differences
and developmental trajectories.

Four recent meta-analyses examined group differences
between ADHD and controls on impulsive decision
making measured with TD and/or single choice tasks
[24e27]. Patros et al. [25] reported impulsive decision
making in children and adolescents with ADHD relative
to typically developing controls. Group differences were
large for preschoolers, and medium for school-age chil-

dren and adolescents. Similarly, Jackson et al. [24] re-
ported increased impulsive decision making in
individuals with ADHD relative to controls. Effect sizes
were similar for children, adolescents and adults. Paulie
Pott et al. [26] performed a meta-regression to evaluate
ADHD-control differences on impulsive decision
making as a function of developmental transition pe-
riods. Based on previous findings reporting a peak in
impulsive choice during mid-adolescence [28], they
hypothesized that group differences would be smallest
www.sciencedirect.com
during this period because these would be obscured by
the inter-individual variance induced by puberty.
Indeed, the effect size was larger for children than for
adolescents. Marx et al. [27] reported an up-to-date
meta-analysis on ADHD-control comparisons (all
ages). Between-group differences were small on single
choice paradigms and medium on TD tasks. Effects
were not moderated by age, but adolescents were not

treated as a separate group.

This consistent increase in impulsive decision making in
ADHD is considered a consequence of delay aversion.
SonugaeBarke [13,14,29] proposed that individuals
with ADHD experience negative emotions during
waiting, causing a desire to escape this. Indeed, several
studies support this notion in adolescents with ADHD.
For example, adolescents with ADHD discounted
delayed rewards, but not effortful rewards, more steeply
than controls [30], suggesting a specific role for delay

aversion. This was accompanied by a delay-sensitive
response in the amygdala for those adolescents with
ADHD who were more delay averse in daily life. Simi-
larly, Van Dessel et al. [31] found that adolescents with
ADHD, relative to controls, demonstrated delay-related
increases in the amygdala following cues signaling
impending waiting times, which was interpreted as
signaling aversion to waiting. In a behavioral study [22],
impulsive decision making was more strongly correlated
with the subjective experience of difficulty waiting in
adolescents with ADHD relative to adolescents without

ADHD. This suggests that adolescents with ADHD
based their (impulsive) choice more on how difficult it
feels to wait than controls. Similarly, Mies and col-
leagues [32] found that delay aversiondbut not reward
sensitivityddrove impulsive choices on TD tasks in
adolescents with ADHD. Marx et al. [27] showed that
delay, independent of reward, exacerbated impulsive
decision making in ADHD, also supporting the crucial
role of delay aversion.

Taken together, in answer to question 1, we conclude
that adolescents with ADHD engage in more impulsive

decision making on experimental tasks than adolescents
without ADHD (see Table 1, RQ1). As for question 2,
there is no evidence suggesting that going through
adolescence exacerbates the tendency that is already
present in ADHD to make impulsive decisions (see
Table 1, RQ2). If anything, there is some evidence that
impulsive decision making is less characteristic of ado-
lescents with ADHD than of children with ADHD [26].
Delay aversion appears an important contributing
mechanism of impulsive decision making in adolescents
with ADHD.
Risky decision making
Risky decisions are typically assessed with gambling
tasks involving choices between low-risk options (e.g.,
Current Opinion in Psychology 2022, 44:330–336
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Table 1

Overview of meta-analyses on ADHD versus control comparisons for impulsive and risky decision making.

ES adolescents ES other age groups ADHD—control difference
in adolescents (RQ1)

Adolescence-related
peak in ADHD (RQ2)

Impulsive decision making
Pauli–Pott et al. [26] d = .33 Children: d = .62 Y N
Patros et al. [25] g = .45 Preschoolers: g = .83

School-age: g = .46
Y N

Jackson et al.[24] d = .47a Adults: d = .40 Y ?
Marx et al. [27]—single choice tasks d = .36b Children versus all other

ages: no moderating
effect

Y N
Marx et al. [27]—DD tasks d = .43b Y N

Risky decision making
Dekkers et al. [35] g = .41 Children: g = .34

Adults: g = .36
Y N

Dekkers et al. [37] (risky = suboptimal) g = .37b No moderator analyses on
age

Y ?

Dekkers et al. [37] (risky = optimal) g = −.03b No moderator analyses on
age

N ?

Roberts et al. [36]—gambling tasks g = .27b No moderation by age
(children/adolescents
versus adults)

Y N
Roberts et al. [36]—VR measures g = .43b Y N

Note:
a Collapsed effect size for children and adolescents.
b Collapsed effect size for all ages. Abbreviations: ES = effect size, N = No, RQ = research question, Y = Yes.
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high probability of small reward) and high-risk options
(e.g., low probability of larger reward). A meta-analysis
of experimental studies employing risky decision-

making tasks showed that adolescents make more
risky decisions than adults, but adolescents do not differ
from children [33]. Defoe et al. [34] proposed that age
differences in risk exposure (i.e., opportunities to
engage in risky behaviors) might explain why adoles-
cents show increased risk-taking compared to children
in daily life, but not in experimental studies.

Adolescents with ADHD consistently engage in
increased real-life risk-taking behavior relative to their
typically developing peers [2]. We discuss three meta-

analyses summarizing all studies that compared groups
with and without ADHD on gambling tasks, and we
particularly focus on age-related differences.

The first meta-analysis found more risky decision
making in groups with ADHD, with effects of small-to-
medium size [35]. Notably, the difference in risky
choice between individuals with and without ADHD
was similar across age. Second, an updated meta-analysis
similarly observed a small-to-medium sized effect indi-
cating increased risky decision-making in groups with

ADHD [36]. This meta-analysis distinguished between
traditional gambling tasks and virtual reality (VR)
measures of risky decision making, and demonstrated
that group differences were larger when VR measures
were used. For both types of outcome measures, age did
not moderate the effects.
Current Opinion in Psychology 2022, 44:330–336
A third meta-analysis [37] particularly focused on one
underlying mechanism: suboptimal decision making.
Groups with and without ADHD only differed in risky

decision-making when risky decisions were suboptimal
in terms of expected value, whereas there were no dif-
ferences when risk taking was advantageous. This sug-
gests that, at group level, individuals with ADHD rather
show a tendency towards suboptimal decision making
instead of an inherent risk proneness.

In conclusion, in answering question 1, ADHD is
consistently associated with risky decision making, as
indicated by three meta-analyses (Table 1). This effect
was stable across age. There is no evidence for the

notion that going through adolescence exacerbates the
tendency to make risky decisions that is present in in-
dividuals with ADHD (question 2). Notably, the link
between risky decision making and ADHD was limited
to situations in which the risky choice was the subop-
timal choice.
General discussion and future directions
We conclude that adolescents with ADHD show
increased impulsive and risky decision making
compared to typically developing adolescents (RQ1).
Increased delay aversion in adolescents with ADHD
may explain some of these group differences, particu-
larly in impulsive decision making. There are many
similarities between the neurobiological models of
impulsive decision making developed for ADHD [13e
www.sciencedirect.com
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16] and for typical development [9,10], including the
hypothesis that two interconnected brain systems play a
role: an affective system and a cognitive control system.
However, ADHD models emphasize that the affective
system underpins both reward sensitivity and delay
aversion while models of adolescence tend to focus on
reward sensitivity alone. Nonetheless, recent research
showed that in typically developing adolescents,

impulsive decision making was associated with higher
levels of delay aversion [20]. Therefore, delay aversion
may also be relevant for impulsive decision making in
adolescents without ADHD.

The second research question, whether the tendency to
make impulsive and risky decisions in individuals with
ADHD is exacerbated during adolescence, is harder to
answer. Few studies have used a developmental
perspective in research on ADHD [38]. While ADHD is
regarded a neurodevelopmental disorder, the majority of

research compares individuals with ADHD with age-
matched controls, thereby missing pivotal knowledge
about the development of individuals with ADHD.
While a cross-sectional approach is informative to
identify ADHD-control differences in decision making
in different age groups (see Table 1, RQ2), longitudi-
nal research is needed to examine ADHD-control dif-
ferences in developmental trajectories of impulsive and
risky decision making [26,38e42]. Delineating such
trajectories will enable the identification of key devel-
opmental periods during which interventions may be

particularly helpful. Additionally, it will enable the
identification of key developmental periods of impul-
sivity- and risk-related opportunities such as creativity,
curiosity, and starting new social contacts. The following
hypotheses, following from the dual system models, may
be formulated (also see Figure 1):
Figure 1

Schematic representation of hypothetical development of impulsive and risky d
with hypotheses in text.

www.sciencedirect.com
(1) The developmental trajectory as observed in typical
adolescents, namely a peak in impulsive and risky
decision making in adolescence as compared to
childhood and adulthood may be exaggerated in
individuals with ADHD, for example, due to the
delayed maturation of the prefrontal cortex in these
individuals [43,44].

(2) As proposed by PauliePott et al. [26], the peak in
impulsive and risky decision making in adolescence
may be obscured in individuals with ADHD because
puberty-related changes contribute to more vari-

ability in decision-making, thereby obscuring group
differences.

(3) The developmental trajectories of adolescents with
and without ADHD are similar in shape, but adoles-
cents with ADHD are higher in impulsive and risky
decision making than adolescents without ADHD.

When addressing such hypotheses, it will be important
to consider the use of more ecologically valid tasks,
including not only rewards but also losses and effort
costs, not only monetary but also primary and social
rewards, and integrating temporal and probabilistic as-
pects in relevant contexts [5,45]. Additionally, while

intuitively related, not many studies investigated the
direct link between impulsive and risky choice in ado-
lescents with ADHD, as most tasks only capture one of
these constructs. An exception is the Cambridge
Gambling Task (CGT) [46], which disentangles risk
proneness, risk adjustment (i.e., the adjustment to
changes in the level of risk) and delay aversion. A few
studies used the CGT in samples with ADHD, although
not in adolescents. In children, groups with and without
ADHD did not differ in their risk proneness, but chil-
dren with ADHD had more problems adjusting their

bets to changes in risk, and showed increased delay
ecision making (y-axis) across development (x-axis); numbers correspond

Current Opinion in Psychology 2022, 44:330–336
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aversion [47]. Crucially, these aspects were correlated,
which suggests that risky decision making in relation to
ADHD is potentially driven by a different motivational
style in which immediate rewards are preferred to
escape delay [47], which aligns with the motivational
part of the dual pathway model.
Clinical implications
The research reviewed here may also contribute to the
development of interventions to reduce impulsive and
risky decision making in adolescents with ADHD. Delay
aversion seems to play an important role in impulsive

decision making, and may contribute to risky decision
making as well. Commonly used psychotherapies such
as mindfulness and acceptance and commitment ther-
apy were found to decrease impulsive decision making
and risky behaviors (e.g., smoking, overeating) in typi-
cally developing young adults [48]. Further, short-term
interventions such as episodic future thinking (e.g.,
vividly imagining a valued delayed reward during
decision-making) appear to reduce impulsive decision
making in typically developing young adults [48].
Future studies should investigate the effectiveness of

these interventions in adolescents with ADHD.

Contextual factors are crucial when developing such
interventions, as affective brain systems are particularly
activated in the presence and under the influence of
peers [10,49,50]. Empirically, this is mirrored by many
studies demonstrating that typically developing ado-
lescents engage in increased impulsive and risky
decision making in the presence and under the influ-
ence of peers [51e54]. In the sole experimental inves-
tigation of susceptibility to peer influence in ADHD,

adolescents with and without ADHD were equally
susceptible to peer influence on risky decision-making
[55], whereas there are no experimental studies yet on
susceptibility to peer influence with regard to impulsive
choice in groups with ADHD.

A final direction for clinicians is to not only consider
negative aspects of impulsive and risky decision-making
(also see study by Green et al. [5]). In clinical practice,
adolescents with ADHD often report positive forms of
impulsive or risky behaviors, such as asking others on a

date, talking with strangers or trying new hobbies. Yet,
empirical evidence for these observations is lacking, and
reviews on studies in typically developing adolescents
suggest the opposite: positive and negative risk taking
were generally negatively correlated or entirely distinct,
and adolescents with low self-regulatory capacities
showed more negative and less positive risk taking
[56,57]. Also, self-reported impulsivity was linked to
negative but not positive risk taking [58].

In conclusion, we found that adolescents with ADHD

makemore impulsive and risky choices than age-matched
Current Opinion in Psychology 2022, 44:330–336
peers on lab-based tasks, with delay aversion playing a
key role. An important question to be answered is which
developmental trajectories in impulsive and risky deci-
sion making individuals with ADHD follow, as compared
to controls. Longitudinal research is needed, using
ecologically valid tasks. Clinically speaking, knowledge
about these trajectories will give insight into time win-
dows of opportunity and intervention.
Funding
This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.
Conflict of interest statement
Nothing declared.
References
Papers of particular interest, published within the period of review,
have been highlighted as:

* of special interest
* * of outstanding interest

1. Rosenbaum GM, Hartley CA: Developmental perspectives on
risky and impulsive choice. Phil Trans Roy Soc Lond Feb.
2019, 374:20180133.

2. Pollak Y, Dekkers TJ, Shoham R, Huizenga HM: Risk-taking
behavior in attention deficit/hyperactivity disorder (ADHD): a
review of potential underlying mechanisms and of in-
terventions. Curr Psychiatr Rep 2019, 21.

3. Dalley JW, Everitt BJ, Robbins TW: Impulsivity, compulsivity,
and top-down cognitive control. Neuron Feb. 2011, 69:680–694.

4. Stevens L, Verdejo-García A, Goudriaan AE, Roeyers H, Dom G,
Vanderplasschen W: Impulsivity as a vulnerability factor for
poor addiction treatment outcomes: a review of neuro-
cognitive findings among individuals with substance use
disorders. J Subst Abuse Treat Jul. 2014, 47:58–72.

5
*
. Green L, Myerson J: On the complexity of discounting, choice

situations, and people. Perspect Behav Sci Jun. 2019, 42:
433–443.

The authors of this interesting paper emphasize that steep delay
discounting is best not viewed as a character flaw (impulsivity), and
that future research needs to implement tasks that better reflect the
complexities of decision making in real life.

6. Scheres A, de Water E, Mies GW: The neural correlates of
temporal reward discounting. Wiley Interdiscip Rev Cogn Sci
Sep. 2013, 4:523–545.

7. Figner B, Weber EU: Who takes risks when and why? De-
terminants of risk taking. Curr Dir Psychol Sci Aug. 2011, 20:
211–216.

8. van Duijvenvoorde ACK, Jansen BRJ, Bredman JC,
Huizenga HM: Age-related changes in decision making:
comparing informed and noninformed situations. Dev Psychol
Jan. 2012, 48:192–203.

9. Casey BJ, Galván A, Somerville LH: Beyond simple models of
adolescence to an integrated circuit-based account: a com-
mentary. Dev Cogn Neurosci Feb. 2016, 17:128–130.

10. Shulman EP, Smith AR, Silva K, Icenogle G, Duell N, Chein J,
et al.: The dual systems model: review, reappraisal, and
reaffirmation. Dev Cogn Neurosci Feb. 2016, 17:103–117.

11
*
. Steinberg L, Icenogle G, Shulman EP, Breiner K, Chein J,

Bacchini D, et al.: Around the world, adolescence is a time of
heightened sensation seeking and immature self-regulation.
Dev Sci Mar. 2018, 21:e12532.
www.sciencedirect.com

http://refhub.elsevier.com/S2352-250X(21)00226-8/sref1
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref1
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref1
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref2
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref2
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref2
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref2
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref3
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref3
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref4
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref4
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref4
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref4
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref4
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref5
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref5
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref5
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref6
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref6
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref6
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref7
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref7
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref7
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref8
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref8
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref8
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref8
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref9
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref9
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref9
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref10
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref10
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref10
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref11
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref11
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref11
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref11
www.sciencedirect.com/science/journal/2352250X


Decision-making in adolescents with ADHD Dekkers et al. 335
Using a very large sample, this study provides evidence for the dual
systems theory of adolescent risk taking across many different countries.

12. Crone EA, Dahl RE: Understanding adolescence as a period of
social-affective engagement and goal flexibility. Nat Rev
Neurosci Sep. 2012, 13:636–650.

13. Sonuga-Barke EJS: Psychological heterogeneity in AD/HD—a
dual pathway model of behaviour and cognition. Behav Brain
Res Mar. 2002, 130:29–36.

14. Sonuga-Barke EJS: The dual pathway model of AD/HD: an
elaboration of neuro-developmental characteristics. Neurosci
Biobehav Rev Nov. 2003, 27:593–604.

15. Sonuga-Barke EJS, Sergeant JA, Nigg J, Willcutt E: Executive
dysfunction and delay aversion in attention deficit hyperac-
tivity disorder: nosologic and diagnostic implications. Child
Adolesc Psychiatr Clin N Am Apr. 2008, 17:367–384.

16
* *
. Sonuga-Barke EJS, Cortese S, Fairchild G, Stringaris A: Annual

research review: transdiagnostic neuroscience of child and
adolescent mental disorders - differentiating decision making
in attention-deficit/hyperactivity disorder, conduct disorder,
depression, and anxiety. JCPP (J Child Psychol Psychiatry)
2016, 57:321–349.

Extensive review that provides a transdiagnostic framework to inves-
tigate neurobiological underpinnings of decision making in child and
adolescent mental disorders.

17. Lee NC, de Groot RHM, Boschloo A, Dekker S,
Krabbendam L, Jolles J: Age and educational track influ-
ence adolescent discounting of delayed rewards. Front
Psychol 2013, 4:993.

18. Prencipe A, Kesek A, Cohen J, Lamm C, Lewis MD, Zelazo PD:
Development of hot and cool executive function during the
transition to adolescence. J Exp Child Psychol Mar. 2011, 108:
621–637.

19. Scheres A, Dijkstra M, Ainslie E, Balkan J, Reynolds B, Sonuga-
Barke E, et al.: Temporal and probabilistic discounting of re-
wards in children and adolescents: effects of age and ADHD
symptoms. Neuropsychologia 2006, 44:2092–2103.

20
*
. de Water E, Mies GW, Figner B, Yoncheva Y, van den Bos W,

Castellanos FX, et al.: Neural mechanisms of individual dif-
ferences in temporal discounting of monetary and primary
rewards in adolescents. Neuroimage Jun. 2017, 153:198–210.

Using mixed-effects model analyses, this study provides more insight
into the underlying mechanisms (i.e., reward sensitivity and delay
sensitivity) of individual differences in temporal discounting and their
neural correlates in adolescents.

21. Olson EA, Hooper CJ, Collins P, Luciana M: Adolescents’ per-
formance on delay and probability discounting tasks: con-
tributions of age, intelligence, executive functioning, and
self-reported externalizing behavior. Pers Indiv Differ Nov.
2007, 43:1886–1897.

22. Scheres A, Tontsch C, Thoeny AL, Sumiya M: Temporal reward
discounting in children, adolescents, and emerging adults
during an experiential task. Front Psychol 2014, 5:711.

23
*
. Achterberg M, Peper JS, van Duijvenvoorde ACK, Mandl RCW,

Crone EA: Frontostriatal white matter integrity predicts
development of delay of gratification: a longitudinal study.
J Neurosci Feb. 2016, 36:1954–1961.

Importantly, this study with a large sample used a longitudinal design.
The data demonstrated that impulsive choice on a hypothetical delay
discounting task developed with age in a non-linear, with impulsive
choice peaking in mid adolescence and slightly decreasing in late
adolescence/young adulthood.

24. Jackson JNS, MacKillop J: Attention-deficit/hyperactivity dis-
order and monetary delay discounting: a meta-analysis of
case-control studies. Biol Psychiatr Cogn Neurosci Neuroimag
Jul. 2016, 1:316–325.

25. Patros CHG, Alderson RM, Kasper LJ, Tarle SJ, Lea SE,
Hudec KL: Choice-impulsivity in children and adolescents
with attention-deficit/hyperactivity disorder (ADHD): a meta-
analytic review. Clin Psychol Rev 2016, 43:162–174.

26
*
. Pauli-Pott U, Becker K: Time windows matter in ADHD-related

developing neuropsychological basic deficits: a
www.sciencedirect.com
comprehensive review and meta-regression analysis.
Neurosci Biobehav Rev Aug. 2015, 55:165–172.

Meta-analysis on impulsive decision making in ADHD, using a devel-
opmental perspective, and with a focus on developmental influences.

27. Marx I, Hacker T, Yu X, Cortese S, Sonuga-Barke E: ADHD and
the choice of small immediate over larger delayed rewards: a
comparative meta-analysis of performance on simple choice-
delay and temporal discounting paradigms. J Atten Disord
May 2021, 25:171–187.

28. Steinberg L, Graham S, O’Brien L, Woolard J, Cauffman E,
Banich M: Age differences in future orientation and delay
discounting. Child Dev Jan. 2009, 80:28–44.

29. Sonuga-Barke EJS: Causal models of attention-deficit/
hyperactivity disorder: from common simple deficits tomultiple
developmentalpathways.BiolPsychiatrJun.2005,57:1231–1238.

30
*
. Mies GW, Ma I, de Water E, Buitelaar JK, Scheres A: Waiting

and working for rewards: attention-deficit/hyperactivity dis-
order is associated with steeper delay discounting linked to
amygdala activation, but not with steeper effort discounting.
Cortex Sep. 2018, 106:164–173.

This study found steeper delay discounting in adolescents with ADHD
relative to those without, and observed link between delay discounting
and amygdala activation. Of note, effects were specific for delay
discounting, as no such associations were found for effort discounting.

31. Van Dessel J, Sonuga-Barke E, Mies G, Lemiere J, Van der
Oord S, Morsink S, et al.: Delay aversion in attention deficit/
hyperactivity disorder is mediated by amygdala and pre-
frontal cortex hyper-activation. J Child Psychol Psychiatry
Allied Discip Aug. 2018, 59:888–899.

32. Mies GW, de Water E, Wiersema JR, Scheres A: Delay
discounting of monetary gains and losses in adolescents
with ADHD: contribution of delay aversion to choice. Child
Neuropsychol May 2019, 25:528–547.

33. Defoe IN, Dubas JS, Figner B, van Aken M: A meta-analysis on
age differences in risky decision making: adolescents versus
children and adults. Psychol Bull 2014, 141:48–84.

34
* *
. Defoe IN: Towards a hybrid criminological and psychological

model of risk behavior: the developmental neuro-ecological
risk-taking model (DNERM). Dev Rev Dec. 2021, 62:100995.

Review explaining increased adolescent risk taking by the increased
exposure to risk conducive situations.

35
*
. Dekkers TJ, Popma A, Agelink van Rentergem JA, Bexkens A,

Huizenga HM: Risky decision making in attention-deficit/
hyperactivity disorder: a meta-regression analysis. Clin
Psychol Rev 2016, 45:1–16.

Meta-analysis showing that on average, groups of individuals with
ADHD engaged in more risky decision making on laboratory gambling
tasks than groups without ADHD. Effects were similar for all ages.

36. Roberts DK, Alderson RM, Betancourt JL, Bullard CC: Attention-
deficit/hyperactivity disorder and risk-taking: a three-level
meta-analytic review of behavioral, self-report, and virtual
reality metrics. Clin Psychol Rev Jul. 2021, 87:102039.

37. Dekkers TJ, Agelink JA, Huizenga HM, Raber H, Shoham R,
Popma A, et al.: Decision-making deficits in ADHD are not
related to risk seeking but to suboptimal decision-making:
meta-analytical and novel experimental evidence. J Atten
Disord Dec. 2018.

38
* *
. Franke B, Michelini G, Asherson P, Banaschewski T, Bilbow A,

Buitelaar JK, et al.: Live fast, die young? A review on the
developmental trajectories of ADHD across the lifespan. Eur
Neuropsychopharmacol 2018, 28:1059–1088.

Review on ADHD using a lifespan perspective, concluding an urgent
need for more large-scale longitudinal studies on ADHD.

39. Nigg JT, Casey BJ: An integrative theory of attention-deficit/
hyperactivity disorder based on the cognitive and affective
neurosciences. Dev Psychopathol Jul. 2005, 17:785–806.

40. Halperin JM, Schulz KP: Revisiting the role of the prefrontal
cortex in the pathophysiology of attention-deficit/
hyperactivity disorder. Psychol Bull Jul. 2006, 132:560–581.

41. Willoughby MT: Developmental course of ADHD symptom-
atology during the transition from childhood to adolescence:
Current Opinion in Psychology 2022, 44:330–336

http://refhub.elsevier.com/S2352-250X(21)00226-8/sref12
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref12
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref12
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref13
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref13
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref13
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref14
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref14
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref14
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref15
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref15
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref15
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref15
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref16
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref17
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref17
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref17
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref17
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref18
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref18
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref18
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref18
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref19
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref19
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref19
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref19
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref20
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref20
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref20
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref20
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref21
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref21
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref21
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref21
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref21
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref22
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref22
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref22
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref23
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref23
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref23
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref23
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref24
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref24
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref24
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref24
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref25
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref25
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref25
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref25
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref26
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref26
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref26
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref26
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref27
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref27
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref27
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref27
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref27
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref28
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref28
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref28
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref29
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref29
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref29
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref30
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref30
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref30
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref30
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref30
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref31
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref31
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref31
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref31
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref31
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref32
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref32
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref32
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref32
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref33
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref33
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref33
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref34
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref34
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref34
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref35
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref35
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref35
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref35
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref36
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref36
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref36
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref36
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref37
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref37
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref37
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref37
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref37
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref38
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref38
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref38
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref38
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref39
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref39
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref39
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref40
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref40
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref40
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref41
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref41
www.sciencedirect.com/science/journal/2352250X


336 Adolescent Development
a review with recommendations. J Child Psychol Psychiatry
Allied Discip Jan. 2003, 44:88–106.

42. Cherkasova M, Sulla EM, Dalena KL, Pondé MP, Hechtman L:
Developmental course of attention deficit hyperactivity dis-
order and its predictors. J Can Acad Child Adolesc Psychiatr
2013, 22:47–54.

43. Shaw P, Eckstrand K, Sharp W, Blumenthal J, Lerch JP,
Greenstein D, et al.: Attention-deficit/hyperactivity disorder is
characterized by a delay in cortical maturation. Proc Natl Acad
Sci Unit States Am Dec. 2007, 104(49):19649–19654.

44. Castellanos FX, Lee PP, Sharp W, Jeffries NO, Greenstein DK,
Clasen LS, et al.: Developmental trajectories of brain volume
abnormalities in children and adolescents with attention-
deficit/hyperactivity disorder. J Am Med Assoc Oct. 2002, 288:
1740–1748.

45
*
. Sullivan-Toole H, DePasque S, Holt-Gosselin B, Galván A: Worth

working for: the influence of effort costs on teens’ choices
during a novel decision making game. Dev Cogn Neurosci Jun.
2019, 37:100652.

In this pilot study, the authors present a newly developed physical effort
task, to examine the willingness to expend effort in adolescents and
adults. They found that adolescents were more willing than adults to
expend physical effort during goal pursuit.

46. Rogers RD, Everitt BJ, Baldacchino A, Blackshaw AJ,
Swainson R, Wynne K, et al.: Dissociable deficits in the deci-
sion-making cognition of chronic amphetamine abusers,
opiate abusers , patients with focal damage to prefrontal
cortex, and tryptophan-depleted normal volunteers: evidence
for monoaminergic mechanisms. Neuropsychopharmacology
1999, 20:322–339.

47
*
. Sørensen L, Sonuga-Barke E, Eichele H, van Wageningen H,

Wollschlaeger D, Plessen KJ, et al.: Suboptimal decision
making by children with ADHD in the face of risk: poor risk
adjustment and delay aversion rather than general prone-
ness to taking risks. Neuropsychology 2017, 31:119–128.

This study showed, using the Cambridge Gambling Task, that decision
making problems in children with ADHD were potentially driven by
delay aversion.

48
* *
. Scholten H, Scheres A, de Water E, Graf U, Granic I, Luijten M:

Behavioral trainings and manipulations to reduce delay
discounting: a systematic review. Psychon Bull Rev Jul. 2019,
26:1803–1849.
Current Opinion in Psychology 2022, 44:330–336
This systematic review provides an overview of research studies
examining the effects of trainings and manipulations to reduce tem-
poral discounting.

49. Chein J, Albert D, O’Brian L, Uckert K, Steinberg L: Peers in-
crease adolescent risk taking by enhancing activity in the
brain’s reward circuitry. Dev Sci Mar. 2011, 14:1–10.

50. Nelson EE, Jarcho JM, Guyer AE: Social re-orientation and
brain development: an expanded and updated view. Dev Cogn
Neurosci Feb. 2016, 17:118–127.

51. Silva K, Patrianakos J, Chein J, Steinberg L: Joint effects of peer
presence and fatigue on risk and reward processing in late
adolescence. J Youth Adolesc 2017, 46:1878–1890.

52. Gardner M, Steinberg L: Peer influence on risk taking, risk
preference, and risky decision making in adolescence and
adulthood: an experimental study. Dev Psychol 2005, 41(4):
625–635.

53. Weigard A, Chein J, Albert D, Smith A, Steinberg L: Effects of
anonymous peer observation on adolescents’ preference for
immediate rewards. Dev Sci 2014, 17:71–78.

54. Reiter AMF, Moutoussis M, Vanes L, Kievit R, Bullmore ET,
Goodyer IM, et al.: Preference uncertainty accounts for
developmental effects on susceptibility to peer influence in
adolescence. Nat Commun Jun. 2021, 12:3823.

55
*
. Dekkers TJ, Popma A, Sonuga-Barke EJS, Oldenhof H,

Bexkens A, Jansen BRJ, et al.: Risk taking by adolescents with
attention-deficit/hyperactivity disorder (ADHD): a behavioral
and psychophysiological investigation of peer influence.
J Abnorm Child Psychol Sep. 2020, 48:1129–1141.

Experimental study that showed that adolescents with ADHD on
average were susceptible to peer influence regarding risk taking, to the
same extent as their typically developing peers.

56. Duell N, Steinberg L: Positive risk taking in adolescence. Child
Dev Perspect Mar. 2019, 13:48–52.

57
*
. Duell N, Steinberg L: Adolescents take positive risks, too. Dev

Rev Dec. 2021, 62:100984.
Review on positive forms of adolescent risk taking, stressing that risk
taking is not something inherently harmful.

58. Duell N, Steinberg L: Differential correlates of positive and
negative risk taking in adolescence. J Youth Adolesc Apr.
2020, 49:1162–1178.
www.sciencedirect.com

http://refhub.elsevier.com/S2352-250X(21)00226-8/sref41
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref41
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref42
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref42
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref42
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref42
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref43
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref43
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref43
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref43
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref44
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref44
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref44
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref44
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref44
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref45
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref45
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref45
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref45
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref46
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref47
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref47
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref47
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref47
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref47
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref48
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref48
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref48
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref48
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref49
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref49
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref49
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref50
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref50
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref50
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref51
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref51
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref51
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref52
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref52
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref52
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref52
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref53
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref53
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref53
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref54
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref54
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref54
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref54
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref55
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref55
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref55
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref55
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref55
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref56
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref56
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref57
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref57
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref58
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref58
http://refhub.elsevier.com/S2352-250X(21)00226-8/sref58
www.sciencedirect.com/science/journal/2352250X

	Impulsive and risky decision-making in adolescents with attention-deficit/hyperactivity disorder (ADHD): The need for a dev ...
	Introduction
	Impulsive decision making
	Risky decision making
	General discussion and future directions
	Clinical implications
	Funding
	Conflict of interest statement
	References


