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Abstract 

The adolescent age period is often characterized as a 
health paradox because it is a time of extensive 
increases in physical and mental capabilities, yet overall 
mortality/morbidity rates increase significantly from 
childhood to adolescence, often due to preventable 
causes such as risk taking. Asynchrony in 
developmental time courses between the 
affective/approach and cognitive control brain systems, 
as well as the ongoing maturation of neural connectivity 
are thought to lead to increased vulnerability for risk 
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taking in adolescence. A critical analysis of the 
frequency of risk taking behaviors, as well as mortality 
and morbidity rates across the lifespan, however, 
challenges the hypothesis that the peak of risk taking 
occurs in middle adolescence when the asynchrony 
between the different developmental time courses of the 
affective/approach and cognitive control systems is the 
largest. In fact, the highest levels of risk taking 
behaviors, such as alcohol and drug use, often occur 
among emerging adults (e.g., university/college 
students), and highlight the role of the social context in 
predicting risk taking behavior. Moreover, risk taking is 
not always unregulated or impulsive. Future research 
should broaden the scope of risk taking to include risks 
that are relevant to older adults, such as risky financial 
investing, gambling, and marital infidelity. In addition, a 
lifespan perspective, with a focus on how associations 
between neural systems and behavior are moderated by 
context and trait-level characteristics, and which 
includes diverse samples (e.g., divorced individuals), will 
help to address some important limitations in the 
adolescent brain development and risk taking literature. 

Introduction 

The adolescent age period is often characterized as a 
health paradox because it is a time of extensive 
increases in physical and mental capabilities, yet overall 
mortality/morbidity rates increase significantly from 
childhood to adolescence (Casey and Caudle, 2013, 
Dahl, 2004). Moreover, the primary causes of death and 
disability among adolescents are not related to disease, 
but rather to preventable forms of injuries (e.g., 
unintentional injuries, suicide, and homicide), and are 
linked to involvement in health-risk behaviors such as 
substance use and delinquency (Dahl, 2004). While 



extensive research has been conducted examining how 
the social context (e.g., peer and family influence) and 
individual differences in personality factors (e.g., 
sensation-seeking, impulsivity) are linked to adolescent 
risk taking behaviors (e.g., Donohew et al., 2000, Romer 
et al., 2011), more recently researchers have started to 
focus on how adolescent brain development might be 
implicated in these behaviors (e.g., Steinberg, 2008, 
Telzer et al., 2013). 

Models of adolescent brain development such as the 
Dual Systems Model (see Steinberg, 2008) suggest that 
adolescents may experience a temporal gap between a 
relatively early maturing affective/approach system and 
a slower maturing cognitive control system (e.g., Ernst 
et al., 2006, Geier and Luna, 2009). The early maturing 
affective/approach system is hypothesized to be a result 
of increases in dopaminergic activity and subcortical 
brain structures such as the ventral striatum, perhaps 
linked to puberty, leading to increases in reward seeking 
and need for novelty (see also the Triadic model for a 
further distinction between the approach/reward and 
avoidance/emotion systems; Ernst et al., 2006). In 
contrast, the slower maturing cognitive control network 
is hypothesized to be led by the prefrontal cortex, 
responsible for planning, judgment, and inhibition, and is 
thought to not be fully mature until the mid-20s (Ernst et 
al., 2006, Galvan et al., 2006). Neural connections 
among brain regions also continue to strengthen across 
adolescence into young adulthood (Dosenbach et al., 
2013, Eluvathingal et al., 2007, Paus, 2009). This 
asynchrony in developmental time courses between the 
affective/approach and cognitive control systems, and 
the ongoing maturation of neural connectivity are 
thought to lead to increased vulnerability for risk taking 
(Casey et al., 2008, Ernst, this issue, Giedd, 2004, 



Steinberg, 2008; but see Pfeifer & Allen, 2012, for a 
critique of this hypothesis), particularly during the middle 
adolescent period (Steinberg, 2008). Adolescents are 
thought to be at risk particularly in situations in which 
they feel high arousal (e.g., when they are with their 
peers, and/or in emotionally salient situations (Casey et 
al., 2011, Ernst et al., 2009, Geier and Luna, 2009, Hare 
et al., 2008, Steinberg, 2008). These new insights into 
adolescent brain development have played a critical role 
in increasing our understanding of adolescent 
engagement in risk taking behaviors. 

The focus of the present article is to highlight relevant 
social developmental research on risk taking across the 
lifespan in order to add to the current discussion 
regarding the link between adolescent brain 
development and risk taking, as well as to offer a few 
suggestions for how future research in this area might 
be harnessed to increase our understanding of risk 
taking behaviors. We focus specifically on the following 
questions: (a) Are the increases in mortality and risk 
taking behaviors from childhood to adolescence as dire 
as often implied? (b) Does the peak age of involvement 
in real-world risk taking correspond to predictions based 
on the Dual Systems Model of adolescent brain 
development? (c) Is risk taking necessarily unregulated? 
and (d) What differs between adolescent and adult risk 
taking? 

Section snippets 

National statistics on mortality 

Significant increases in mortality and morbidity from 
childhood to adolescence have been documented in 
Western culture (e.g., National Vital Statistics Reports, 



2012), a fact that has been repeated often by 
researchers studying risk taking in adolescence (e.g., 
Casey and Caudle, 2013, Dahl, 2004, Geier et al., 
2010). Rarely mentioned, however, is that although 
mortality increases from childhood to adolescence in 
these cultures, very few children or adolescents die. As 
presented in Fig. 1, the 

Question 2: Does the peak age of involvement in 
real-world risk taking correspond to predictions 
based on the Dual Systems Model of brain 
development? 

Similar to unintentional injuries, there is a widely held 
perception by researchers, media, and policy makers 
that high rates of risk taking, such as substance use, 
reckless driving, and sexual risk taking, are more 
common during adolescence than at any other age 
period (e.g., Dahl, 2004; Galvan, 2013, Somerville et al., 
2010, Steinberg, 2005). Indeed, according to the Dual 
Systems Model of adolescent brain development, the 
peak age of potential for risky behavior should be 
in middle adolescence 

Question 3: Is risk taking necessarily 
unregulated? 

One of the assumptions of adolescent brain 
development models (e.g., Dual Systems Model; Triadic 
Systems Model) is that risk taking in adolescence is 
often impulsive, in that it results from a lack of self-
control (i.e., adolescents have difficulty regulating their 
impulses to engage in risky behavior due to an 
immature cognitive control system, particularly under 
conditions of high arousal; Steinberg, 2008). We 



contend, however, that risk taking is not necessarily 
unregulated or impulsive, and  

Question 4: What differs between adolescent and 
adult risk taking? 

While the previous section explored how risk taking 
behavior in adolescence may not always be the result 
of unregulated decisions, here we draw attention to the 
fact that unregulated (i.e., emotional, impulsive) risk 
taking resulting in harmful consequences is not limited 
to adolescence. Although adolescent brain development 
models suggest that adolescence might be the age at 
which individuals may be most vulnerable to risk taking 
behaviors, particularly in the presence of strong 
emotions or 

Conclusions 

Adolescent brain development models, such as the Dual 
Systems Model (see also the Triadic Systems Model), 
increasingly have been used to account for the 
incidence of risk taking in adolescence (Ernst, this 
issue, Steinberg, 2005). A critical analysis of the 
frequency of risk taking, as well as mortality and 
morbidity rates across the lifespan, however, challenge 
the hypothesis that the peak of risk taking should occur 
in middle adolescence when the asynchrony between 
the relatively early 

Acknowledgments 

Funding for some of the research summarized in this 
article was provided by the Social Sciences and 
Humanities Research Council of Canada to Teena 
Willoughby. 



References (95) 

 E.H. Telzer et al. 

Ventral striatum activation to prosocial rewards predicts longitudinal 
declines in adolescent risk taking 
Developmental Cognitive Neuroscience 

(2013) 
 L. Steinberg 

A social neuroscience perspective on adolescent risk-taking 
Developmental Review 

(2008) 
 L. Steinberg 

Cognitive and affective development in adolescence 
Trends in Cognitive Sciences 

(2005) 
 M.S. Stanford et al. 

Impulsiveness and risk taking behaviors: Comparison of high-school 
and college students using the Barratt Impulsiveness Scale 
Personality and Individual Differences 

(1996) 
 L.H. Somerville et al. 

A time of change: Behavioral and neural correlates of adolescent 
sensitivity to appetitive and aversive environmental cues 
Brain and Cognition 

(2010) 
 P. Slovic et al. 

Rational actors or rational fools: Implications of the affect heuristic for 
behavioral economics 
Journal of Socio-Economics 

(2002) 
 K.L. Rush et al. 

A photovoice study of older adults’ conceptualizations of risk 
Journal of Aging Studies 

(2012) 

https://www.sciencedirect.com/science/article/pii/S1878929312000746
https://www.sciencedirect.com/science/article/pii/S1878929312000746
https://www.sciencedirect.com/science/article/pii/S0273229707000536
https://www.sciencedirect.com/science/article/pii/S1364661304003171
https://www.sciencedirect.com/science/article/pii/S0191886996001511
https://www.sciencedirect.com/science/article/pii/S0191886996001511
https://www.sciencedirect.com/science/article/pii/S0278262609001122
https://www.sciencedirect.com/science/article/pii/S0278262609001122
https://www.sciencedirect.com/science/article/pii/S1053535702001749
https://www.sciencedirect.com/science/article/pii/S1053535702001749
https://www.sciencedirect.com/science/article/pii/S0890406512000527


 J.H. Pfeifer et al. 

Arrested development? Reconsidering dual-systems models of brain 
function in adolescence and disorders 
Trends in Cognitive Sciences 

(2012) 
 R. Leshem et al. 

The construct of impulsivity revisited 
Personality and Individual Differences 

(2007) 
 S. Hooshmand et al. 

Does the direction of effects in the association between depressive 
symptoms and health-risk behaviors differ by behavior? A longitudinal 
study across the high school years 
Journal of Adolescent Health 

(2012) 
View more references 

Cited by (107) 

 Identification and Validation of Distinct Latent Neurodevelopmental 
Profiles in the Adolescent Brain and Cognitive Development Study 

2022, Biological Psychiatry: Cognitive Neuroscience 
and Neuroimaging 

Show abstract 

 Cannabis effects on the adolescent brain 

2022, Cannabis and the Developing Brain 

Show abstract 

 Individual and developmental differences in delinquency: Can they be 
explained by adolescent risk-taking models? 

2021, Developmental Review 

Show abstract 

 Resolving ambiguity: Broadening the consideration of risky decision 
making over adolescent development 

https://www.sciencedirect.com/science/article/pii/S1364661312001040
https://www.sciencedirect.com/science/article/pii/S1364661312001040
https://www.sciencedirect.com/science/article/pii/S0191886907000396
https://www.sciencedirect.com/science/article/pii/S1054139X11001959
https://www.sciencedirect.com/science/article/pii/S1054139X11001959
https://www.sciencedirect.com/science/article/pii/S1054139X11001959
https://www.sciencedirect.com/science/article/pii/S2451902221000598
https://www.sciencedirect.com/science/article/pii/S2451902221000598
https://www.sciencedirect.com/science/article/pii/B9780128234907000071
https://www.sciencedirect.com/science/article/pii/S027322972100040X
https://www.sciencedirect.com/science/article/pii/S027322972100040X
https://www.sciencedirect.com/science/article/pii/S0273229721000423
https://www.sciencedirect.com/science/article/pii/S0273229721000423


2021, Developmental Review 

Show abstract 

 Adolescents take positive risks, too 

2021, Developmental Review 

Show abstract 

 Anatomy and disorders of frontal lobe functions: Higher-order functions 

2021, Encyclopedia of Behavioral Neuroscience: 
Second Edition 

Show abstract 

View all citing articles on Scopus 

Recommended articles (6) 

 Research article 

Fear learning and memory across adolescent development: Hormones 
and Behavior Special Issue: Puberty and Adolescence 

Hormones and Behavior, Volume 64, Issue 2, 2013, pp. 
380-389 

Show abstract 

 Research article 

“UNHAPPY” Environment for Adolescent Development in Hong Kong 

Journal of Adolescent Health, Volume 64, Issue 6, 
Supplement, 2019, pp. S1-S4 

 Research article 

Adolescence as a Critical Period for Developmental Plasticity 

Brain Research, Volume 1654, Part B, 2017, pp. 85-86 

 Research article 

https://www.sciencedirect.com/science/article/pii/S0273229721000393
https://www.sciencedirect.com/science/article/pii/B9780128196410000669
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-84885816630&md5=c6ca7deeeec0da249f12c6b41da8ee7
https://www.sciencedirect.com/science/article/pii/S0018506X13000366
https://www.sciencedirect.com/science/article/pii/S0018506X13000366
https://www.sciencedirect.com/science/article/pii/S1054139X19300229
https://www.sciencedirect.com/science/article/pii/S000689931630782X


Who are those “risk-taking adolescents”? Individual differences in 
developmental neuroimaging research 

Developmental Cognitive Neuroscience, Volume 11, 
2015, pp. 56-64 

Show abstract 

 Research article 

Testing a dual-systems model of adolescent brain development using 
resting-state connectivity analyses 

NeuroImage, Volume 124, Part A, 2016, pp. 409-420 

Show abstract 

 Research article 

Adolescent neurocognitive development and impacts of substance 
use: Overview of the adolescent brain cognitive development (ABCD) 
baseline neurocognition battery 

Developmental Cognitive Neuroscience, Volume 32, 
2018, pp. 67-79 

Show abstract 

 

https://www.sciencedirect.com/science/article/pii/S1878929314000504
https://www.sciencedirect.com/science/article/pii/S1878929314000504
https://www.sciencedirect.com/science/article/pii/S1053811915003705
https://www.sciencedirect.com/science/article/pii/S1053811915003705
https://www.sciencedirect.com/science/article/pii/S1878929317302384
https://www.sciencedirect.com/science/article/pii/S1878929317302384
https://www.sciencedirect.com/science/article/pii/S1878929317302384

