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ABSTRACT: Can sexual activity, alcohol and drug use, and other risky behaviors damage
adolescent minds? In a word - yes. Early high-risk behaviors, including sexual encounters,
are powerful influences and appear to be harmful to the brain’s development. The hormones
and neural patterns triggered can lead to addictive, high-risk behaviors, social withdrawal,
and depression. What’s more, these adolescent behaviors may have additional long-term
negative consequences — not just for them, but also for their future children.

Shakespeare wrote, “I would there were no age between ten and three and twenty... For there is
nothing in the between but getting wenches with child, wronging the ancientry, stealing, fighting.”
(The Winter’s Tale, Act 111, Sc. ii1) It is amazing that over 400 years later, scientists are confirming
Shakespeare’s observation that the adolescent’s brain is not fully mature until approximately 23 —
25 years of age. New and ongoing scientific research, utilizing functional magnetic resonance
imaging (f MRI), demonstrates that during adolescence nearly every aspect of the brain is
undergoing dramatic changes—changes that are not just genetically determined, but are greatly
affected by experiences and environment. The “nature versus nurture” debate is no longer relevant,
as research clearly documents that both have impressive impact. Environment affects the growth
and development of brain cells, impacts the wiring of these cells, and affects which cells live or
die. More importantly, it is possible through epigenetics for environmental influences such as
alcohol and other drugs to turn on or off genes within a person’s genome that is contrary to the
usual expression of those genes.!> Thus, activities and experiences have the potential to impact the
development and functioning of the brain, not just during the adolescent years, but for a lifetime.

Between 11 and 13 years of age, the adolescent’s brain experiences rapid growth of nerve cells,
along with increased numbers of connections between nerves (synapses). Since the adolescent
brain is undergoing rapid development, this is a time of great vulnerability. This growth is followed
by a time of “pruning,” when nerve cells that are not used or needed are deprived of nutrition and
die. The pruning process allows the adolescent brain to function more rapidly for tasks that are
already known, but decreases the brain’s capacity to learn new tasks or acquire new skills.?

Along with changes in the number of neurons, the brain also experiences changes in its hormonal
environment. It has been known for decades that adolescence is characterized by surges in sex
hormones — estrogen and testosterone. Recently it has been demonstrated that receptors for these
hormones exist in many organs of the body, including the brain. In addition, other hormones and
neurotransmitters such as oxytocin, vasopressin, dopamine, and serotonin also influence brain
development.

Dopamine, the neurotransmitter most responsible for feelings of pleasure, has a powerful impact.
The early adolescent brain, with its increased number of nerve cells, has higher levels of dopamine
circulating in the prefrontal cortex, but dopamine levels in the reward center of the brain (nucleus
accumbens) are changing throughout adolescence. These changes in the dopamine levels in the
reward center suggest that the adolescent requires more excitement and stimulation to achieve the
same level of pleasure as an adult.*> So the teenager will attempt riskier behaviors to achieve
elation. Dopamine is also the neurotransmitter secreted when individuals participate in various
addictive behaviors. Drug use, gambling, video gaming, pornography, and sexual experiences can
all become addicting as the individual strives to achieve a dopamine-mediated pleasure. As their
brain is under construction and nerve pathways are forming, adolescents become addicted more
easily.® This vulnerability of the developing brain may well explain why these behaviors identified



in adults often have their onset during adolescence or early adulthood. For example, 40% of adult
alcoholics identify onset between 15 and 19 years of age.” In addition, adolescents are more likely
to become addicted with even minimal exposure to a high-risk behavior. Although an adolescent
may smoke fewer cigarettes than an adult, the adolescent demonstrates higher rates of addiction.®

Recent research has investigated the influence genes exert on an individual’s willingness to take
risks. Dopamine receptor DRD4 appears to play a major role in determining the risk-taking
behavior of the individual. Adolescents may be viewed as either “high risk takers” or “low risk
takers” depending upon their genetic propensity to seek excitement through risky behaviors.
Alcohol can affect the expression of the risk-taking gene, causing adolescents who are not
generally considered “high risk takers” to take risks when under the influence of alcohol.”
Research also demonstrates that adolescents who drink alcohol are more likely to participate in
other high-risk behaviors, including sexual activity. Marijuana is another drug that can affect an
adolescent’s decision making, decrease inhibitions, and thereby increase risk-taking behaviors.’
These behaviors in turn further modify the structure and function of the brain. Oxytocin and
vasopressin function as “bonding” hormones. Oxytocin, a peptide secreted during labor, delivery,
and breastfeeding, is also powerfully active in the female brain during physical touch or even
intense gazing.

Oxytocin release increases the likelihood that the female will trust her sexual partner but decreases
the functioning of her frontal cortex, the judgment center. The hormone serves to bond the woman
to her mate with repetitive touches and sexual relations increasing the likelihood of monogamy.°
Vasopressin serves much the same role in men.

Adolescents who initiate sexual activity early are more likely to have more sexual partners by early
adulthood. The Centers for Disease Control and Prevention documented that 49.2% of girls and
women report more than five lifetime sexual partners if their sexual debut occurred younger than
16 years of age. However, if sexual debut occurred at age 20 years or older, only 9.0% had more
than five sexual partners during their lifetime.!! Since sexual touching brings pleasure and raises
dopamine levels, the developing adolescent brain, in its craving for repetitive elevations of
dopamine, overrides the healthy bonding effects of oxytocin and vasopressin. This, in turn, makes
it more difficult for the adolescent to maintain a monogamous relationship later in life, as
demonstrated by studies reporting that married adults who have experienced premarital sex are
more likely to suffer divorce than those who abstained.'?

The frontal lobe, the judgment center or CEO of the brain, allows the individual to contemplate
and plan actions, to evaluate consequences of behaviors, to assess risk, and to think strategically.
It is also the “inhibition center” of the brain, discouraging the individual from acting impulsively.
The frontal lobe ultimately develops connections to many other areas of the brain, so that
experiences and emotions are processed through the judgment center. The frontal lobe does not
fully mature until approximately 23 — 25 years of age.!> The immaturity of the adolescent’s
judgment center explains much of the inability of adolescents to properly interpret experiences in
the environment and thus make appropriate and healthy decisions.

Many other areas of the brain likewise are not completely myelinated until the early 20s. The
amygdala, which is the emotion center of the brain, is immature in adolescents and not fully
connected to the frontal lobe. Adolescents, then, may have a more difficult time interpreting their
emotions, as well as the emotions of others.!> More importantly, since the amygdala is poorly
connected to the judgment center of the brain, the adolescent is more likely to make decisions
based upon the emotional impact rather than upon logic. As Pustilnik and Henry state, “Executive
function and emotional responses are not just less developed or different in teens: These two
capacities are also less closely linked than in the typical adult brain. As a result, a teen may



intellectually understand an issue and emotionally have a response to that issue, but those two
processes may occur nearly in parallel rather than in dialogue. Emotional and executive functions
must work together to bring about almost any kind of decision.”'*

The hippocampus, the memory center of the brain, is also immature and is very susceptible to the
effects of alcohol and marijuana. Alcohol and marijuana can hinder the ability to develop
memories and thereby impact learning. Adolescents who binge drink are particularly susceptible
to the negative effects of alcohol on the developing hippocampus. '3

Another area of the developing brain deserving of attention are the cells that compose the mirror
neuron system. Mirror neurons are those cells that assist in the development of empathy and
compassion as the cells are active when an individual either experiences an emotion or observes
that emotion being experienced by another person. This is ‘cognitive empathy’ — the ability to
take another person’s perspective — and this system is also undergoing dramatic changes during
adolescence. Researchers from UCLA studied the impact of cell phone use and screen time on the
ability of adolescents to interpret the emotions of others. Sixth graders who attended a science and
nature camp and who went without smart phone or digital screen time for just five days improved
in their ability to interpret facial expressions in photos and videos. The authors state, “The
displacement of in-person social interaction by screen interaction seems to be reducing social
skills.” 1

It is also important to note there are many sexual differences in the developing brain as documented
by brain imaging techniques.!” The amygdala, the center of emotions noted above, grows faster in
adolescent boys than in girls and there are more testosterone receptors in the amygdala of males.
The hippocampus, however, appears to grow faster in adolescent girls and this area has more
estrogen receptors.'®!” Even the cerebellum, an area of the brain utilized in complicated problem
solving, differs in size between males and females, being 10 - 13% larger in adolescent males."’
These sexual variations are important to understand as their onset may begin with in utero
development and will contribute to the different way males and females tend to respond to learning
environments, risk seeking, and even discipline; yet each human male and female is an individual
with considerable variation between different areas of the brain and considerable overlap in brain
features among men and women.?!

All this research demonstrates the adolescent’s brain is immature — in virtually every area that has
been studied. The adolescent’s brain is prone to seek excitement at a time when the frontal lobe
is not mature enough to moderate such behavior. This is also the time when the developing brain
is at greatest risk to form neuronal connections that may lead to addictions and impact future
emotional well-being and decision making. Making matters worse, modern media portrays high-
risk behaviors as admirable, exciting, and even safe, while discouraging parental involvement that
would positively modify the behaviors.

There is a clear link between high-risk behaviors and subsequent depression and even suicide. In
the National Longitudinal Study on Adolescent Health, 13,491 adolescents in grades 7 to 11 were
interviewed in 1995 and again one year later. The authors differentiated the cause and effects of
depression and found that early high-risk behaviors, including sexual activity and drug use, were
linked with later depression, but early depression did not cause high-risk behaviors.??

Further analysis of the same study revealed that adolescents who had involvement in any drinking,
smoking, and/or sexual activity were significantly more likely to suffer from depression, suicidal

ideation, and suicide attempts.”??

In summary, this evidence-based research on brain development must serve as an impetus for all



adults who interact with and care for adolescents to reconsider the health information provided to
youth. The adolescent brain is under construction and can be adversely affected by high-risk
behaviors and by the environment the brain experiences. The judgment center is immature, leading
to poor decision making. The dopamine pleasure system is in a state of rapid change, leading to
higher potential for participation in high-risk behaviors and addictions. Oxytocin and vasopressin
are present and ready to emotionally bond the teenager to any individual with whom he or she has
sexual experiences, and heighten the consequences of the likely ending of the relationship.

Clearly, the adolescent years are a time of rapid brain development, a time of susceptibility. Those
who care about the future of the adolescent must acknowledge that high-risk behaviors
encountered during these vulnerable years can have lasting adverse consequences and should be
avoided.

The good news is that parents play a pivotal and crucial role during the adolescent years, and the
influence of parents can positively impact the developing brain. Since their prefrontal cortex is
immature, adolescents will benefit from the wisdom and guidance of their parents in making
decisions and strategizing. Limit setting, structure, and communication that help minimize
exposure to high risk behaviors will protect the adolescent, not just during the adolescent years,
but also long term. Parents can even take advantage of the need for excitement by seeking positive
experiences for their adolescents. Parents can challenge their teens to find excitement in learning
new things. For academic teens it might be learning a new language or skill. For athletic teens it
might be learning how to dive or some other physical skill. These challenges produce the same
sort of dopamine high that teens receive from things that are risky, dangerous and sometimes
illegal >

Participating in exciting activities together will also help parent and teen to bond and connect with
each other. Research from the National Longitudinal Study on Adolescent Health demonstrated
that adolescents are less likely to participate in high risk behaviors when they are highly connected
to their parents.”>  Alan Booth, a researcher at Pennsylvania State University, evaluated the role
of parenting on adolescent high-risk behaviors and found that even adolescents who are more
prone to them will be less likely to participate if they have a close relationship with their parents.

Parents not only protect their adolescent when they have a close relationship, they can also prevent
high risk behaviors by decreasing the teen’s opportunities to participate in those dangerous
activities. Researchers at the National Center on Addiction and Substance Abuse (CASA) at
Columbia University demonstrated that adolescents with “hands-on” parents (those who
monitored the activities of their adolescents and participated in family dinner hour together) are at
one-fourth the risk of substance abuse as those with ‘“’hands-off” parents.?” An international study
of over 5000 adolescents and young adults between 10 and 30 years of age from 11 countries
showed that adolescents in all countries experienced heightened risk taking. However, risk taking
is manifest in various ways depending upon the cultural context, so the authors of the study state,
“the broader context in which adolescents develop exerts a powerful impact on the extent to which
young people engage in risky and health-compromising behavior.” ?® In an interview with the New
York Times, the lead author, Dr. Laurence Steinberg stated the lowest rates of adolescent risk-
taking occur in cultures that “encourage self-control from a very early age and structure
adolescence in a way that doesn’t give kids a lot of free, unstructured time to get into a lot of
trouble.” %

Parents can help shape their adolescent’s environment, affect the adolescent’s tendency to
participate in high-risk behaviors, and can help them in their decision-making and critical thinking
skills. An adolescent’s close relationship with his/her parent is protective despite other negative
environmental factors. Research clearly shows that parents play a critical role in the healthy



development of their adolescents. Health care professionals should acknowledge this, encourage
parents to develop healthy relationships with their children, and support them in the parenting role.
On a broader level, public health policies that currently treat adolescents as young adults in their
abilities to problem solve and make decisions should be re-evaluated and revised based on this
new research and will need continued revision as new information emerges.

Principal author: Jane Anderson, MD, FCP

May 2011

Updated May 2016

A printable Adobe Acrobat (pdf) copy of this position is available by clicking here.

See the following other College statements that have information regarding the teenage
brain:

Marijuana Use: Detrimental to Youth

The Roles, Responsibilities and Rights of Parents

References:

1. Masten AS, Faden VB, Zucker RA, et al. Underage drinking: A developmental framework.
Pediatrics.2008;121(Suppl 4): S235-S251

2. Berger SL, Kouzarides T, Shiekhattar R, Shilatifard Al. An operational definition of epigenetics. Genes
and Development. 2009; 23:781-783.

3. Giedd JN. Structural magnetic resonance imaging of the adolescent brain. Annals N.Y. Acad Sci.
2004;1021:77-85.

4. Galvan A, Adolescent development of the reward system. Frontiers in Human Neuroscience 2010; 4:1-9.

5. Spear LP, Adolescent Neurodevelopment. J Adolescent Health. 2013; 52(2 02): S7-13.
doi:10.1016/j.jadohealth.2012.05.006.

6. Spear LP, Neurobehavioral changes in adolescence. Current Directions in Psychological
Science.2000;9:111-114.

7. Helzer JE, Burnam MA,McEvoy LT. Alcohol abuse and dependence. In Robins LN, Regier DA, eds.
Psychiatric Disorders in America: The Epidemiologic Catchment Area Study. New York: Free Press;1991:
81-115.

8. Chambers RA, Taylor JR, Potenza MN. Developmental neurocircuitry of motivation in adolescence: A
critical period of addiction vulnerability. Am J Psychiatry. 2003;160: 1041-1052.

9. Lane SD, Cherek DR. Risk taking by adolescents with maladaptive behavior histories. Experimental and
Clinical Psychopharmacology.2001; 9: 74-82.

10. Brizendine L. The Female Brain. New York: Morgan Road Books; 2006:. 68.10.

11. Chandra A, Martinez FM, Mosher WD, et al. Fertility, family planning, and reproductive health of U.S.
women: Data from the 2002 National Survey of Family Growth. National Center for Health Statistics. Vital
and Health Statistics.2005; 23(25):1-160.

12. Heaton T. Factors contributing to increasing marital stability in the United States. Journal of Family Issues.
23; April 2002; 392-409.

13. National Institute of Mental Health (2001). Teenage Brain: A work in progress. National Institute of Mental
Health publication accessed March 22, 2011 at http://www.nimh.nih.gov/health/publications/teenage-brain-
a-work-in-progress-fact-sheet/index.shtml.

14. Pustilnik AC, and Henry LM. Adolescent Medical Decision Making and the Law of the Horse Journal of
Health Care Law and Policy 2012; 15:1-14. (U of Maryland Legal Studies Research Paper 2013-14).

15. Brown A, Tapert S, Granholm E. et. al. Neurocognitive functioning of adolescents: Effects of protracted
alcohol use. Alcoholism: Clinical and Experimental Research. 2000; 24: 164-171.




16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Uhls YT, Michikyan M, et al. “Five days at outdoor education camp without screens improves preteen
skills with nonverbal emotion cues” Computers in Human Behavior. Oct 2014 39:387-392.
http://www.sciencedirect.com/science/article/pii/S0747563214003227.

Ruigrok AN, Salimi-Khorshidi G, Lai MC, et al. A meta-analysis of sex differences in human brain
structure. Neuroscience and Biobehavioral Reviews. 2014; 39:34 — 50.

Blakemore SJ, Burnett S, and Dahl RE. The Role of Puberty in the Developing Adolescent Brain. Human
Brain Mapping. 2010; 31:926-933.

Gillies GE and McArthur S. Estrogen actions in the brain and the basis for differential action in men and
women: a case for sex specific medicines. Pharmacol Rev. 2010 62(2): 155 - 198.

Tiemeier H, Lenroot RK, Greenstein DK, et al. Cerebellum development during childhood and
adolescence: a longitudinal morphometric MRI study. Neuroimage. 2010; 49(1): 63 —70.

Joel D, Berman Z, Tavor I, et al. Sex beyond the genitalia: The human brain mosaic. Proceedings of the
National Academy of Sciences. 2015; 112 (50): 15468-15473.

Hallfors DD, Waller MW, Bauer D, et al. Which comes first in adolescence —sex and drugs or depression?
Am J Prev Med. 2005; 29:163-70.

Hallfors DD, Waller MW, Ford CA, et al. Adolescent depression and suicide risk: association with sex and
drug behavior. Am J Prev Med. 2004; 27:224-31.

Do Hard Things - http://www.amazon.com/Do-Hard-Things-Rebellion-
Expectations/dp/1601421125/ref=sr_1_1?s=books&ie=UTF8&qid=1460555528 &sr=1-
1&keywords=do+hard-+things+by+alex+and+brett+harris 7]

Resnick MD, Bearman PS, et al. Protecting Adolescents From Harm — Findings From the National
Longitudinal Study on Adolescent Health. JAMA 1997; 278:823-832.

Bower B. Hormone-linked problems reflect parent-child bond — Testosterone’s Family Ties. Science News.
Accessed March 17, 2016 at http://findarticles.com/p/articles/mi_m1200/is_3_163/ai_96953948/.

WebMD Health News. Hands-on parents help teens so no to drugs. 2001. Accessed March 18, 2016 at
http://www.webmd.com/parenting/news/2001022 1/hands-on-parents-help-teens-say-no-to-drugs.
Steinberg L, Icenogle G, Shulman EP, et al. Around the world, adolescence is a time of heightened
sensation seeking and immature self-regulation. Developmental Science. 2017; Feb 01

Damour L. Teenagers Do Dumb Things, but There Are Ways to Limit Recklessness. The New York
Times. March 8, 2017.




