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addiction, for the purposes of this chapter, will be 
defined along the DSM-V criteria of substance depen-

dence. The authors will attempt to delineate genetic, biologic, 
pharmacologic, and social factors that may lead to addiction 
from a developmental perspective. What factors lead to 
early experimentation? Is it genes that make youth more 
susceptible to use, or environment, or both? To answer this, 
one must understand the role of genes and environment, 
epigenetics, on the developing brain. In order to illustrate 
these factors, a case presentation is first discussed; then, 
the author will begin to explore the biopsychosocial com-
ponents of this case presentation that increased the risk of 
developing a substance abuse disorder (SUD) in the case 
described. As well, the reader is invited to refer to Chapter 1 
as background prior to reading this chapter.

BiOpsyChOsOCial analysis

Constructing a chronologic summary of the biopsychoso-
cial information can help assimilate the important events. 
This can be done as shown in Figure 102-1.

The impact of each of these events as risk factors for sub-
stance abuse is reviewed from a developmental perspective 
in the next section. When appropriate, the implication of 
these events on the developing brain from a neurobiologic 
perspective will be explored in the chapter.

prenatal exposure

Although it is unclear whether prenatal exposure to sub-
stances of abuse can increase the risk of developing an SUD, 
studies have shown that prenatal exposure can increase the 
risk of developing a learning disorder (LD) or comorbid 
conditions that may increase the risk of abusing drugs and 
alcohol. In this case study, the fetus was subjected to ciga-
rette and marijuana smoking.

Prenatal Exposure to Nicotine and Marijuana
Prenatal nicotine exposure can increase a toddler’s negativ-
ity and their propensity for externalizing disorders, such as 
ADHD or ADHD symptoms and/or conduct disorders (1,2). 
Prenatal cigarette exposure has also been associated with 
lower IQ, poorer auditory functioning, and poorer perfor-
mance on tests requiring fundamental aspects of visual–
perceptual performance. In contrast, prenatal marijuana 
exposure did not have a negative impact on IQ, auditory-
based behaviors, or basic visual–perceptual skills. Rather, 
in utero exposure to marijuana impacted on the applica-
tion of these skills in problem-solving situations requiring 
visual integration and analytical skills, as well as sustained 
attention. A study involving multiple regression analyses 
(including controls with no exposure) in 18- to 22-year-
olds exposed prenatally to marijuana confirmed the effect 
on visual–spatial working memory (3).

Linda’s history of early colicky behavior and possible 
LDs and reading difficulty may have been partly precipi-
tated by early nicotine exposure. However, the fetus was 
also exposed to marijuana. Consistent patterns of cognitive 
deficits related to prenatal exposure to marijuana have been 
found from a longitudinal study (4). The cohort of women 
included women ranged in age from 18 to 42; half were 
African American and half were white, and most were of 
lower socioeconomic status. These include IQ deficits and 
inattention at age 3. At age 6, the history of exposure to 
heavy marijuana maternal use (one or more cigarettes per 
day) during the first trimester was associated with lower 
verbal reasoning scores on the Stanford-Binet Intelligence 
Scale. Exposure to heavy use during the second trimester 
predicted deficits in the composite, short-term memory, and 
quantitative scores on the Stanford-Binet (5). At 6 and 10 
years of age, offspring were more impulsive and had more 
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2 section 13 ■ children and adolescents

Case Presentation

Linda, a 17-year-old female high school student, presents 
to your office. She is accompanied by her parents, who 
are worried about drug use. Linda was pulled over by the 
police after a party for reckless driving. She was found 
to have an alcohol level of 0.25 and was charged with a 
driving under the influence. She was ordered by the court 
to be evaluated and enter a drug treatment program.

developmental history

Mom revealed that, prior to her pregnancy with Linda, 
she smoked a pack of cigarettes a day and had a glass of 
wine once a week. She also admitted to using marijuana 
daily. Upon learning she was pregnant, she stopped 
smoking both cigarettes and marijuana and stopped 
drinking. She denied any other drug use. During the 
delivery, the baby experienced fetal distress owing to a 
nuchal cord, and the mother had to undergo an emer-
gency C-section. Linda was born “blue” but did not 
require intubation. She was described as a colicky child 
until 4 months of age and experienced slightly below 
normal weight gain. She had normal developmental 
milestones but was always hyperactive and had temper 
tantrums that would last more than an hour as a toddler. 
With constant reminders, she responded to praise and 
rewarding good behavior during her prelatency years. 
Linda experienced severe separation anxiety when she 
went to preschool. When she began kindergarten, the 
mom states that the teacher loved her, but she often 
stated that she was shy at times and also easily distracted 
and could not seem to finish her work. She struggled 
with reading in first grade, but her grades did not become 
a problem until around third grade. At that time, she 
experienced a reoccurrence of her separation anxiety, 
accompanied with night terrors. When asked about 
physical or sexual abuse privately, she revealed she was 
sexually abused by a neighbor from age 7 to 9 but never 
told anyone because he threatened to hurt her family. 
The perpetrator moved away sometime within the past 
6 months while she was in 11th grade in high school. As 
she approached middle school, she continued to struggle 
with her grades but became an average student. She 
entered high school and was a good athlete on the soccer 
team when her parents noted that the students she began 
to hang around with were skipping school. She quit 
the soccer team in the beginning of the 10th grade and 
began skipping school. During this same time period, her 
parents began to notice extreme mood swings. She would 
sneak out at night and was found by a neighbor asleep 
and drunk in their front yard. Her grades were close to 
failing, and she has been suspended three times for back 
talking the teachers and carrying cigarettes on campus.

drug and alcohol history

She reveals that she began experimenting with cigarettes 
at age 11. She now smokes about four to five cigarettes 
a day. She began drinking alcohol at the end of seventh 
grade (age 12). She noticed she was very shy and fearful of 
not being accepted and began getting drunk during 10th 
grade (age 15). She now uses to relax and “fit in” when 
using alcohol. Over the last 6 weeks, she has gotten drunk 
every weekend. She does not feel she has to use alco-
hol or marijuana and never uses when she has to study. 
However, she feels she cannot do well in school because 
her concentration is poor. She also began experimenting 
with marijuana during the summer between the 10th and 
11th grades. She states that, when she began to drink, she 
noticed that she could drink more than her friends with-
out getting drunk. She denies any other drug use.

patient medical history

There is no significant history except for childhood 
asthma.

patient psychiatric history

Though told by the school that Linda may need an 
evaluation for attention deficit hyperactivity disorder 
(ADHD), her mother did not want to put her daughter 
on medication and never requested her to be evaluated.

family medical history

There is a family history for liver problems in a paternal 
uncle who died of cirrhosis of the liver. He was a per-
son/patient with alcohol dependence. Linda’s father has 
hypertension. Her paternal grandmother died of cancer 
when she was in the seventh grade. Linda was very close 
to her because she lived next door and was often at her 
house when her parents were at work.

family psychiatric history

Mom was very shy as a child and, as an adult, suffered 
from postpartum depression. She was treated with ser-
traline, which did relieve her depression. She restarted 
the medication over the past year owing to the stress 
she experienced with her daughter’s struggles. The 
uncle who died of cirrhosis of the liver had been 
diagnosed with posttraumatic stress disorder (PTSD) 
after serving in the Vietnam War. He was not treated 
for the PTSD and continued to drink. The dad’s father 
and mom’s father were persons/patients with alcohol 
dependence, and the mom states that dad’s drinking 
has increased recently to 6 to 10 beers every night.
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internalizing and externalizing behaviors. At 14 years of 
age, prenatal marijuana predicted executive function diffi-
culty, attention deficit problems, and an increased risk for 
substance use. At 16 years of age, externalizing behaviors, 
psychiatric disorders, and substance abuse were associ-
ated with prenatal marijuana exposure. All analyses con-
trolled for significant covariates (3). Though Linda’s mother 

stopped using in the first trimester, the use during this time 
period may have contributed to problems with Linda’s read-
ing ability.

Though Linda’s mother did not use a substantial 
amount of alcohol during pregnancy, it is important to 
mention the potentially severe effects of prenatal exposure 
to alcohol.

patient social history

Linda states that she is sexually active but that she is 
promiscuous only when she is drunk. She does not 
know whether condoms were always used. Her last 
period was 2 weeks ago. She sought testing for a sexually 
transmitted disease and AIDS at a private clinic without 
her parents’ knowledge, and both came back negative. 
She would like to go to college but is not sure of whether 
she is smart enough to complete the 4 years required. 
She began to be attracted to a group of teenagers who 
were using alcohol. She then started dating a young man 
who introduced her to this group when she was in 10th 
grade. She lost interest in soccer and noticed she felt she 
belonged when “hanging around with them and using 
marijuana and alcohol” with this group. She has driven 
when intoxicated but has never used marijuana or alco-
hol alone. She reveals that, once while drunk, she got in 
a fight with a friend and hit her. She was never in trouble 
with the law prior to the present episode but admitted 
to having stolen beer with a friend from a local store. 
Linda was very ashamed about both stealing and her 
sexual activity when drunk. At times, when drunk, she 
could not remember what she had done. Though Linda 
feels she is spiraling out of control, repeated efforts 
by her parents to intervene have failed. Though she is 
unsure that she can quit drinking, she is willing to try. 
She wants to get back to sports. She did enjoy her youth 
group at church but is embarrassed about what she has 
done in the past and is afraid she would not fit in with 
this group now.

family social history

Linda is an only child. Mom finished high school and 
always had problems with math and reading. Dad was 
often in trouble for being the “class clown” and finished 
high school as an average student. There is no history 
of sexual or physical abuse in either of the parents. Dad 
has had problems keeping a job as a sales clerk because 
he is told he is too disorganized. This has put financial 
stress on the family. Mom works as a bank teller. They 
have always lived in the same area. There is no cultural 
diversity in the family. They are Catholic and, though 
they used to go to church, they have not been able to get 
their daughter to attend church with them since she got 

to high school. She was active in the church youth group 
prior to this. Mom and dad got married when they were 
just out of high school because mom got pregnant. They 
have separated on two occasions owing to dad’s drink-
ing. This occurred when Linda was 8 years old and again 
when she was in the seventh grade. From the sixth grade 
to the present time, she has been a child who after school 
returned home alone until her parents got home from 
work.

review of systems

Linda states that it takes her 2 hours to fall asleep. She is 
wide awake and feels “like I could party all night.” She 
had recurring nightmares when the sexual abuse took 
place but not anymore. She feels fatigued lately and does 
not enjoy the things she used to enjoy. Her appetite has 
decreased, and she has lost 10 lb. She has a good body 
image and no signs of an eating disorder. She has no 
other physical symptoms but notices that she has dif-
ficulty getting up in front of the class to speak. She has 
had flashbacks of the sexual abuse she suffered from 
age 7 to 9 after she got drunk and engaged in sex with 
someone she did not know well. She is hypervigilant in 
the presence of older men. Overall, she gets much more 
irritated than she used to be. She cries almost daily, and, 
though she has never had a plan to kill herself, she feels 
so ashamed that she wishes she would not wake up. Her 
concentration at school is poor, and she gave up academi-
cally in middle school when she could not keep up.

mental status exam

Linda’s affect is blunted, and she cried several times dur-
ing the evaluation. She was well groomed, though wore 
no makeup. She appeared lethargic. She was underweight. 
Her judgment in the past was poor, but she seemed moti-
vated to change her behavior. She was oriented, but her 
concentration was poor. She was unable to remember the 
three words given to her at the beginning of the mental 
status exam. She denied any auditory or visual hallucina-
tions and had no delusional thinking. Her speech was 
slow but not tangential. She was articulate and seemed to 
appear brighter than the level suggested by her grades. As 
noted before, she denied suicidal plans but reported some 
ideation in the past.
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Prenatal Exposure to Alcohol
Though there is little research on the direct effects of sub-
stances of abuse on the brain reward circuitry that leads to 
addiction, research does show a high risk for later alcohol 
abuse in children exposed to alcohol prenatally (6). Areas 
affected by early alcohol exposure (which are discussed 
later in the chapter) lead to increased impulsivity that 
could promote increased risk for experimentation during 
adolescence.

Fetal alcohol syndrome (FAS) is the most common non-
hereditary cause of mental retardation. The prevalence var-
ies from 0.5 to 3 per 1,000 live births (7,8). Alcohol has 
become the most teratogenic drug in the United States. The 
incidence of FAS has shown a sixfold increase between 1979 
and 1993 (9,10). This is primarily due to the fact that drink-
ing has become more socially acceptable among women.

Children without the facial features commonly associ-
ated with FAS are referred to as having alcohol-related neu-
rodevelopmental disorder (ARND). Unfortunately, without 
the facial features, it becomes more difficult to identify these 
children, and 60% to 90% escape identification in the nor-
mal population (11). The percentage of adolescents with 
FAS in juvenile justice forensic units is 3 to 10 times greater 
than the accepted worldwide incidence. The percentage of 
these youth with any alcohol-related diagnosis is 10 to 40 
times greater than the accepted worldwide incidence (12). 
The cognitive and disruptive behavior problems in this 
population caused by exposure to alcohol prenatally may be 
one of the most undiagnosed reasons that lead to substance 
abuse and subsequent involvement with the juvenile justice 
system.

There are four cognitive areas affected by FAS/ARND: 
 learning and memory (13–15), visual–spatial processes 
(14,16), executive function (13–15,17), and attention 
(18,19).

In another study, auditory processing problems were more 
impaired in FAS/ARND children than were visual processing 
problems. The latter information may account for another 
reason for attention problems with these children (20). Two 
studies on children with FAS/ARND demonstrated longer 
reaction times in these individuals. Therefore, children with 
FAS/ARND may have slower processing speeds that can be 
confused with attention problems (21,22). These studies 
stress the importance of evaluating every aspect of attention 
difficulties in FAS/ARND children.

Prenatal Exposure to Other Substances of Abuse
Though cocaine can cause developmental delays and LDs, it 
is clear that findings once thought to be specific to in utero 
cocaine exposure are more likely to be associated with alco-
hol, tobacco, and marijuana and the quality of the child’s 
environment (23). However, a better home environment 
was found to reduce many of the effects on lower IQ found 
at age 4 in cocaine-exposed babies (24).

Though the numbers of studies investigating the effect 
of prenatal caffeine exposure are few, there is little evidence 
at this time that prenatal caffeine has significant impact on 
childhood mental and motor development (25).

stressOrs

Any compromise that would cause fetal distress or hypoxia 
increases the risk for the development of ADHD or LDs, 
which in turn could lead to an increased risk for substance 
abuse later in life. However, factors such as trauma, prena-
tal and postnatal stress, and early-life rearing experiences 
may alter addiction pathology later in life through changes 
in gene expression. These changes occur through chroma-
tin remodeling without changes in DNA sequences (26–
28). In our case scenario, a number of stressors could have 
increased the likelihood of substance abuse and subsequent 

Preschool Kindergarten-5th grade Middle school High school

Age: Birth–33 0–5 5–7 7–9 11–14 15–17

-Parents separate -Parents separate

-Prenatal -Separation- Untreated -Sexual abuse again -Raped

exposure anxiety ADHD and by neighbor while drunk

learning disorder

-Hypoxia at birth -Poor grades- Driving while
intoxicated

-Poor nutrition continue -Stops soccer

-Cigarette use begins -Begins using

marijuana and alcohol

Figure 102-1 developmental trajectory of linda.
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addiction in this patient. These factors comprise prenatal 
exposure to substances of abuse, postnatal hypoxia and 
poor nutrition, the history of sexual abuse during child-
hood and again during adolescence, the parent’s separation, 
undetected LDs and ADHD and the associated stress of aca-
demic failure, and early substance use itself. The interplay 
between stressors in the environment and genes (otherwise 
known as epigenetics) is crucial to explore when consid-
ering processes that may increase the risk for developing 
substance abuse. Prenatal, postnatal, and physical/sexual 
abuse events that occur in childhood may cause an altera-
tion in the expression of genes. These alterations may dys-
regulate the hypothalamic–pituitary axis (HPA), which, in 
turn, may result in an increased sensitivity to stress. The 
increased sensitivity to stress can increase the risk for using 
substances to relieve this stress. However, the use of sub-
stances to relieve stress also dysregulates the HPA, leading 
to a vicious cycle of worsening sensitivity to stress and sub-
stance use.

Adolescence is a transition period that is characterized 
by considerable neurobiologic changes and an associated 
increased propensity for substance use. It is also a time of 
enhanced sensitivity to stress. Therefore, the vicious circle 
described earlier may be further worsened during ado-
lescence, leading to a steeper spiraling movement toward 
HPA dysregulation and severity of substance use problems. 
However, the road to addiction impacted by stress, environ-
ment, and developmental factors during adolescence may 
be modulated by individual genetic background. Studies 
have suggested an interaction between functional alleles 
that determine levels of neurotransmitter activity (e.g., 
dopamine, serotonin), environment (e.g., stress level, fam-
ily factors), and severity of substance use problems (28). 
Certain environmental conditions could cause permanent 
changes in the neural circuitry that, in turn, could confer 
vulnerability for substance abuse and increase the risk of 
progression from substance abuse to addiction. These fac-
tors coupled with the family history of substance abuse may 
be the reason why Linda moved rapidly from one substance 
of abuse to another and to addiction.

stress, drugs, reward, and the hpa: koob’s 
model–antireward system

The antireward system involves the hypothalamic–pituitary 
axis (HPA) and norepinephrine (NE) in the brain stress/
emotional system and neuropeptide Y (NPY) in the anti-
stress system (28). The role of these systems and the effect 
on the HPA will be discussed. First, all drugs have positive 
reinforcing effects. During acute drug use, all drugs of abuse 
increase dopamine in the shell of the nucleus accumbens 
(NAc), as well as other areas. Though the HPA can be acti-
vated by such things as stress, acute drug use can also acti-
vate the HPA. Both of these processes increase drug reward 
(29,30). The role of the prefrontal cortex (PFC) in modulat-
ing the NAc function will be discussed later. However, the 

system can still revert to normal or homeostasis if chronic 
drug use does not occur.

Chronic drug use can induce permanent changes in the 
motivation to use drugs. One theory that has attempted to 
explain how this occurs is the opponent-process theory 
(31). This theory proposes that an affective or hedonic 
habituation occurs (tolerance) at the same time as a  negative 
affective response develops to abstinence (withdrawal). 
This would increase the motivation to use more drugs to (a) 
achieve the same effect and (b) ward off the negative effects 
of withdrawal. However, though all drugs can decrease D2 
receptors during chronic drug use, all drugs have the same 
effect during withdrawal. Another common finding that 
occurs during withdrawal, though not unique to it, is a 
hypofunctioning of the orbital frontal cortex (OFC). Other 
changes that occur during withdrawal include an increase 
in adrenocorticotropic hormone (ACTH), corticosterone, 
and corticotrophin-releasing factor (CRF), during overac-
tivation of the HPA. Continued use leads to increased CRF 
and increasing anxiety each time the individual is abstinent.

Furthermore, overactivation of the HPA during chronic 
drug use also increases NE in the bed nucleus of the stria 
terminalis of the extended amygdala, which increases sensi-
tivity to stress. Increases in ACTH, corticosterone, CRF, and 
NE are part of the recruitment of brain stress/emotion sys-
tems. In addition, during chronic drug use, NPY decreases 
in the central and medial nucleus of the extended amygdala. 
The change in NPY is referred to as a dysregulation of the 
brain antistress system. All these changes in CRF, NE, and 
NPY are referred to as the antireward system.

As these events occur, the individual becomes more sen-
sitive to stress each time drugs are used, and, therefore, the 
individual is more likely to seek out drugs to relieve the 
stress. Each time drugs are used, the continued decrease in 
reward function in the brain reward system and the increased 
recruitment of the brain antireward system move the brain 
from a reversible state where homeostasis could have been 
reinstated to a more dysregulated state. This dysregulation 
occurs through a process known as allostasis. Allostasis is 
the attempt of the brain to achieve stability through change. 
Rather than the allostatic state reaching stability, it instead 
causes chronic pathologic states and damage. A change in 
baseline occurs such that environmental events that would 
normally elicit drug-seeking behavior have more impact; 
hence, the brain is more sensitive to stress-induced drug seek-
ing (30), and this process involves input into the extended 
amygdala (28,29). Of course, as noted, if a person has had 
chronic stressful experiences, like the previously described 
sexual abuse experienced by Linda in her childhood, and 
subsequent PTSD symptomatology, this may cause an altera-
tion on the expression of genes that may dysregulate the HPA, 
which would increase the sensitivity to stress and increase 
the risk for using substances to relieve this stress. Therefore, 
chronic stressors that occur before drug use occurs may set 
the stage so that the HPA system is less likely to return to 
normal once drug use and experimentation begin.
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Changes in the Brain reward Circuitry  
in the transition to an addicted state

Many teens who abuse substances will not develop an 
addiction after the maturation of the PFC in their early 20s 
(32). In those who develop addiction, a conceptualization 
of addiction neurobiology is helpful toward understanding 
the role that comorbidity and genes play. Certain comorbid 
conditions may affect the brain reward circuitry leading to 
self-medication of these comorbid conditions, or genes may 
be inherited that increase the sensitivity to the reinforcing 
effects of the drugs on the brain reward circuitry.

First, one must understand how an individual learns that a 
stimulus is salient so that the individual will learn to seek out 
the salient stimuli. When an individual engages in a pleasur-
able event, like eating ice cream, there is a rapid increase in 
dopamine in the shell of the NAc. Later, just the anticipation 
of eating the ice cream would cause an associated release of 
dopamine. In general, when this occurs, the shell of the NAc 
and dopamine are involved in initial reinforcement (29,33).

Using drugs that pass through the blood–brain barrier 
more quickly, like cocaine, would result in the same pro-
cess stated above. However, when cocaine is taken intrave-
nously, dopamine levels increase more rapidly and at higher 
levels, yielding a more pleasurable high then would occur 
if a normal salient stimulus, like ice cream, is taken orally. 
When cocaine is used in acute drug use, the same process is 
involved in using ice cream the first time. The shell of the 
NAc and dopamine are involved in this acute drug reinforce-
ment. However, if the cocaine is used chronically, the PFC 
(anterior cingulate and the OFC) learns to put more salience 
on the use of cocaine and less salience on previously salient 
stimuli, like ice cream. A new circuitry becomes involved 
when this occurs. The core, not the shell, of the NAc; the 
basolateral amygdala; and the OFC are involved in chronic 
drug use that leads to addiction. The latter does not involve 
dopamine but rather the recruitment of glutamatergic effer-
ents from the OFC to the core of the NAc (29,33).

What else causes the new circuitry to become involved 
during chronic drug use? Chronic drug use causes intra-
cellular changes, leading to circuitry changes, resulting in 
dysregulation of the reward circuitry involving the PFC, 
basolateral amygdala, and the core of the NAc. Changes in 
the intracellular level have been described as three stages: 
acute, transition, and end/addiction stage (33).

Stage 1: Acute Drug Effects
After the acute administration of cocaine, dopamine levels 
of the NAc are elevated with little effect on glutamatergic 
tone, resulting in increasing locomotor activity and stimu-
lating reward circuits (34,35). Moreover, the D1 dopamine 
receptor (DRD1) is stimulated, resulting in the following:

■■ Activation of cAMP-dependent protein kinase (PKA)
■■ PKA-induced phosphorylation of transcriptional regula-
tor cAMP response element–binding protein (CREB)

■■ Induction of early gene products such as cFOS

The second messenger cFOS causes short-term neuro-
plastic changes as the molecule cFOS is very unstable. This 
transcription factor turns on genes that produce dynorphin, 
which causes dysphoria during early drug withdrawal, and 
genes that inhibit dopamine and l c opioid receptors, which, 
in turn, decrease drug reward. This second messenger is so 
unstable that it dissipates in 4 to 12 hours. Therefore, lim-
ited exposure to drugs will allow the system to return to 
normal/homeostasis.

Stage 2: Transition to Addiction
Chronic repeated administration of a drug causes stimula-
tion of DRD1 to produce proteins with long half-lives, such as 
Delta FosB. Delta FosB modulates transcription and synthesis 
of certain AMPA glutamate receptor subunits and cell signaling 
enzymes. A GluR1 glutamate receptor in the ventral tegmental 
area (VTA) forms after discontinuation of substances such as 
cocaine. Also, animals with activated Delta FosB have exagger-
ated sensitivity to the rewarding effects of drugs (34). In addi-
tion, Delta FosB also increases CdK5, which, in turn, blocks 
the stimulating effects of cocaine or blocks the anxiolytic effect 
of alcohol so that, in both instances, more cocaine or alcohol is 
needed to get the same effect (36). CdK5 may be one of the rea-
sons tolerance occurs in substance abusers. Hence, if the fore-
going is true, Delta FosB may increase the rewarding effects of 
drugs, causing an individual to seek out these rewarding effects 
more often and, when the individual does, more of the drug 
must be used to give the same rewarding effect.

Additionally, during chronic drug use and withdrawal 
periods, there is an increase of G protein binding AGS3. 
Increased AGS3 levels inhibit D2 receptor signaling and cor-
respondingly increase D1 receptor signaling, which causes 
increased activity of projections from the PFC (in this case, 
the anterior cingulate and the OFC) to the core of the NAc, 
which mediates behavior. What do these changes mean? 
The PFC is involved in salience (see Chapter 1). However, 
these changes reduce the salience of nondrug motivational 
stimuli so that normal stimuli such as food are less salient. 
The PFC becomes hypoactive to previously salient stimuli. 
However, when drug-associated drug stimuli are available, 
there is a profound activation of the PFC and glutamater-
gic drive to the core of NAc, and drug craving occurs. The 
changes in determining what is now salient (drugs) and 
the activation of the PFC to the core of the NAc to pro-
duce craving move the brain from a transitional stage to the 
end stage of addiction. As previously mentioned, glutamate 
plays a more important role in drug seeking after chronic 
drug exposure versus dopamine playing a role in acute drug 
use (drug taking, reinforcement). The NAc core increases 
release of glutamate in response to stimuli that induce drug 
seeking and intake. Such stimuli may be a cue previously 
associated with drug use or a mild stressor.

End-Stage Addiction
Changes in protein expression that mediate the transition 
to addiction may induce changes in protein expression that 
move from temporary and reversible to permanent.

Q2
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What effect does glutamate produced by the NAc have 
on permanent adaptations that lead to continued drug use? 
Two things occur. First, when presynaptic glutamate is 
released, the GluR2/3 inhibitory autoreceptor becomes less 
effective. Less glutamate is released in the NAc after cocaine 
withdrawal and, therefore, presynaptic inhibitory GluR2/3 
tone is decreased, and more glutamate is released in the core 
of the NAc when a mild stressor occurs or a cue associated 
with drug use occurs. Increase in glutamate postsynaptically 
causes an increase in proteins that cause rigid dendritic mor-
phology and signaling. The changes that occur after chronic 
drug use are more permanent than changes that occur dur-
ing acute drug use and may be central toward explaining 
the transition from drug taking, to addiction, and eventually 
relapse. All relapses can be categorized as due to (a) drug/
behavior reexposure, (b) cue, or (c) stress.

The amygdala is involved in attaching affective valence to 
stimuli and has thus been implicated in relapse of all three 
types mentioned earlier. The basolateral amygdala recog-
nizes motivationally relevant events, triggering the PFC to 
determine salience, and the PFC then influences the NAc, 
which further mediates behavior (29,33). Hence, this pro-
cess may reflect a clinical triad that is the phenotype of addic-
tion: (a) loss of control (when the patient continues to use 
even though there is no enjoyment is using), (b) continued 
use despite negative consequences, and (c) preoccupation 
with the drug. The changes that occur after chronic drug 
use are believed more permanent than changes that occur 
during acute drug use. Adolescent brains not only may be 
remodeled by this state-dependent process involved in the 
transition from drug taking (or perhaps substance abuse) to 
drug addiction (substance dependence) but also may have 
trait-dependent, preexisting vulnerabilities in these brain 
systems. As adolescents may not be able to differentiate 
between motivationally relevant events (see developmen-
tal effects further), when addiction occurs, the PFC may 
increase the behavior to seek out risky behaviors whether 
they are relevant or not, or addiction may tune the otherwise 
more sensitive amygdala found during adolescence into a 
more sensitive drug-state amygdala that now seeks out only 
drug-associated relevant events once drug use begins.

This new allostatic state involved in the transition 
to addiction involves a decreased reward circuitry and 
increased antireward circuitry. As noted in Figure 102-2, 
cues would affect the drive to seek out drugs in the VTA 
and the basolateral amygdala that affect changes in drug cir-
cuitry, but changes in the antireward system (that would 
affect seeking out drugs to relieve stress) would occur in the 
extended amygdala (28,33).

role of Genes

As noted, stressors can turn on genes that can lead to the 
dysregulation of the HPA. In fact, high alcohol-preferring 
rats that have increased anxiety-like responses have been 
shown to have lower NPY activity, which is involved in the 

antireward system. However, they also have decreased dopa-
minergic activity. The number of dopamine receptors geneti-
cally inherited may play another role in genetic vulnerability. 
As noted previously, lower D2 receptors may influence PFC 
so that it no longer recognizes normal reinforcers as salient. 
The role of D2 receptors may also influence compulsion. 
When D2 receptors are decreased in the NAc, there is a 
corresponding decrease in metabolism in the orbital fron-
tal gyrus and the cingulate gyrus. The cingulate gyrus ini-
tiates the ability to restrain control, and the orbital frontal 
gyrus shifts attention to what is salient. If the orbital frontal 
gyrus is destroyed, Volkow et al. (37) believe the drug abuser 
will continue to use drugs, even if using them is no longer 
pleasurable. Therefore, if decreased D2 receptors result in 
decreased metabolism in the cingulate gyrus (so it can no 
longer inhibit the drive to use drugs) and the orbital frontal 
gyrus (so that it continues to compulsively use what it sees 
as salient, drugs, even though it is no longer pleasurable to 
do so), a person who has inherited decreased D2 receptors 
would be at more risk for developing SUD. In fact, Volkow 
et al. (38,39) have shown on PET imaging that nonalcoholic 
family members in alcoholic families had higher than normal 
D2 receptor levels in the caudate and ventral striatum and 
metabolism in the anterior cingulate (Brodmann area 24/25), 
orbitofrontal (Brodmann area 11), and the PFC (Brodmann 
area 9/10). These individuals also had personality scores of 
positive emotionality on the MMPI. This suggests that higher 
D2 receptor levels could protect against alcoholism by regu-
lating circuits involved in inhibiting behavioral responses 
and in controlling emotions. To further illustrate this, Thanos 
et al. (40) increased D2 receptors in mice (by using an adeno-
virus); alcohol consumption by the mice decreased by 70%. 
Therefore, people born with an increase in D2 receptors 
may be at less risk to develop SUD, and those who inherit a 
decrease in D2 receptors may be more vulnerable. The latter 
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may have been the type of genetic makeup inherited by the 
young woman discussed in the case scenario.

Couple the decreased D2 receptors with the changes that 
occur in the motivational circuitry during adolescence (see 
developmental vulnerability further), and it becomes clear 
why exposure to substances of abuse during adolescence 
may increase the risk for developing substance abuse.

Other inherited receptors, along with inherited suscep-
tibility to motivational components, may increase the risk 
of SUD. Two fatty acid derivatives characterized to be ara-
chidonylethanolamide and 2-arachidonylglycerol both have 
been isolated from both nervous and peripheral tissues. Both 
these compounds have been shown to mimic the pharma-
cologic and behavioral effects of delta-9-tetrahydrocannab-
inol, the psychoactive component of marijuana. Studies by 
Hungund and Basavarajappa (41) demonstrated the down-
regulation of CB1 receptor function and its signal transduc-
tion by chronic alcohol use. The observed downregulation 
of CB1 receptor binding results from the persistent stimula-
tion of receptors by the endogenous CB1 receptor agonists 
arachidonylethanolamide and 2-arachidonylglycerol, the 
synthesis of which is increased by chronic alcohol use. The 
deletion of CB1 receptor has recently been shown to block 
voluntary alcohol intake in mice, which is consistent with 
the authors’ previous findings where the DBA/2 mice known 
to avoid alcohol intake had significantly reduced brain CB1 
receptor function. These findings suggest a role for the CB1 
receptor gene in excessive alcohol drinking behavior and 
development of alcoholism.

In addition, just as increased D2 receptors may decrease 
the rewarding effects of drugs during acute drug use and, 
therefore, increase the risk of addiction, knockout of the mu 
opioid receptor studied in mice may influence the risk of 
developing SUD. Mu knockout mice demonstrated not only 
a decrease in heroin self-administration but also a decreased 
rewarding effect of alcohol, nicotine, and cannabinoid (42). 
These changes cause a negative motivational state during 
acute abstinence and increase the reaction to stress so that 
relapse is more probable.

Several representative genes that may be associated with 
an increased risk for substance use disorders include a lack 
of a beta-2 subunit on the nicotine receptor, which caused 
decreases in self-administration (43), and decreased in D1 
receptor availability, which caused a decrease in cocaine 
self-administration in mice (44). Also, a gene encoding the 
transcription factor FosB/Delta FosB has been found to be 
associated with high novelty seeking and addiction suscep-
tibility in animals (45).

A gene that has been linked to externalizing disorders 
has been found for the alpha-receptor subunit of the neu-
rotransmitter GABA located on chromosome 4. It is also 
related to alcohol and drug dependence (46).

Genetic architecture of addiction has also been studied by 
Uhl (47). Uhl found 15 small chromosome regions, called 
“rSA,” that contained markers found in multiple studies 
of addiction to legal and/or illegal substances. Molecular 

pathways that help maintain the addiction state have been 
identified that could disrupt or enhance the development 
of addiction owing to specific genetic variability in these 
pathways. For instance, a core component of addiction-
induced adaptations in glutamatergic transmission has been 
identified as CAMKII. This component may play a role in 
the morphologic changes and memory circuits triggered by 
addictive drugs. Disruption of CAMKII impaired the sta-
bilization of synaptic plasticity and memory consolidation 
caused by addictive drugs. GnRH, which may play a role in 
certain emotional behaviors associated with the HPA during 
stress-induced drug seeking, has also been identified (48). 
Though much more research is needed to further under-
stand the molecular genetics of addiction, additional phar-
macotherapies will be discovered.

studies Of inheritaBility

In the case study example, Linda’s father had a family his-
tory of alcoholism. Adoption studies have shown increased 
risk for alcoholism of adopted-away children of persons/
patients with alcohol dependence (49) and increased risk for 
substance abuse other than alcohol in adopted-away stud-
ies (50). However, alcohol use by adoptive parents did not 
increase the risk for alcohol abuse in adoptive children (51).

Adoption studies have shown that genetic susceptibil-
ity seemed to be a stronger predictor of risk for substance 
abuse than exposure to adoptive parents using substances. 
However, both genetic and environmental influences may 
be correlated to substance initiation, whereas progression 
to substance abuse and dependence may be more related 
to genetic factors alone. In adoption studies conducted by 
Kendler and Presscott (52), 485 monozygotic and 335 dizy-
gotic twins demonstrated that cannabis use was influenced 
by genetic and familial environmental factors, whereas can-
nabis abuse and dependence were solely related to genetic 
factors. This was also true for cocaine use versus abuse and 
dependence (53). Schuckit (54) has shown greater tolerance 
in children of persons/patients with alcohol dependence. In 
his study, children of persons/patients with alcohol depen-
dence had to use greater proportions of alcohol before 
the reflex response to a stimulus was delayed to the same 
degree found in responses of children of nonalcoholics. In 
children of nonalcoholics, reflex response to a stimulus was 
delayed to the same degree on lower portions of alcohol. 
This diminished response to alcohol was also measured by 
subjective feelings, levels of body sway, electrophysiologic 
functioning, and change in three hormones.

personality, drug history, and Comorbidity

Though Koob and LeMoal (28) state that personality, drug 
history, and comorbidity are more likely to influence drug 
use later, they all have some root in early childhood and 
adolescent substance use disorders. Seldom does any patient 
with an SUD develop substance dependence without some 
significant precursors in their developmental history, and 

0002059840.INDD   8 12/16/2013   2:50:39 PM



9chapter 102 ■ neurobiology of addiction from a developmental perspective

psychiatric comorbidity may increase the risk or speed of 
transition from substance abuse to substance dependence.

drug history

Addiction to drugs and alcohol can occur anytime through-
out the life of an individual. However, age is a risk factor 
likely to influence the onset of substance use during child-
hood and adolescence. In this case scenario, the patient began 
using cigarettes at age 11, began drinking alcohol at age 12, 
and began getting drunk at age 15. She began using mari-
juana at the end of 10th grade. She began getting drunk every 
weekend as she entered 11th grade. A study of youngsters 
who began drinking at an early age, 11 to 12 years of age, 
had a higher probability of meeting the DSM-III-R criteria for 
substance abuse (13.5%) and substance dependence (15.9%) 
as compared to those who began drinking at age 13 or 14 
(13.7% and 9.0%, respectively). Those who drank at age 19 
or 20 had rates of 2% and 1%, respectively (55). Schuckit  
et al. (55) have noted that the age where a patient with sub-
stance abuse was most likely to have started drinking was 13, 
when first drunk was age 15, had their first problem associ-
ated with drinking at age 18, and first dependence was age 25 
to 40. Death was most likely to occur by age 60. Important is 
that rapid progression of SUD occurred often with earlier age 
of onset and frequency, not duration of use (56,57). Those 
individuals with earlier onset had a shorter time span from 
first exposure to addiction than did adult-onset groups (58). 
Age of onset of heavy drinking also predicted alcohol-related 
problems (59). Early age of onset also influences higher risks 
for the use of other substances, as noted in this case scenario. 
Adolescent-onset adults had higher lifetime rates of cannabis 
and hallucinogen use disorders, shorter times between the 
development of their first and second dependence diagnosis, 
and higher rates of disruptive behaviors and major depres-
sion (58). This patient began sneaking out during 10th 
grade, and her review of systems and mental status indicated 
that she may have a major depressive disorder.

Screening the patient with the CRAFFT (60) indicates 
possible substance abuse, possibly substance dependence. 
Her unidentified and untreated ADHD, PTSD, LDs, and pos-
sible major depressive disorder may be factors that are con-
tributing to her persistent use. She does not compulsively 
use but states she uses now to relax and “fit in” and relieve 
stress; thus, her substance use may be affecting her HPA, 
making her more sensitive to stress and more likely to use to 
relieve the stress. As noted before, impulsive use implies pos-
sible PFC hypofunctioning whereby the patient may priori-
tize salience to drug-related stimuli over natural reinforcers. 
It is difficult to determine whether she is prioritizing drugs 
as salient because of comorbid conditions, like depression. 
Anhedonia can diminish pleasure in everyday circumstances, 
but drug use can also cause anhedonia. It is also difficult to 
determine whether she is using drugs to ward off the nega-
tive effects during withdrawal, such as anxiety, because she 
has an untreated PTSD and social phobia. Treatment of these 
conditions, ideally in parallel, may elucidate the salience.

personality

Temperament may explain why some adults continue 
to demonstrate characteristics of dependence. Both 
Cloninger (51) and Babor (61) identified personality traits 
associated with negative prognosis. Cloninger’s type 2 and 
Babor’s type B persons/patients with alcohol dependence 
share common characteristics: early onset of spontaneous 
alcohol-seeking behavior, diagnosis during adolescence, 
rapid course of onset, presence of genetic risk factors, devi-
ancy, and greater psychological vulnerability. Cloninger’s 
type 2 and Babor’s type B persons/patients with alcohol 
dependence may be related to youth who are thought to 
have conduct disorder. Conduct disorder is thought to be 
related to genetic vulnerability and negative environmental 
factors (poverty, parental neglect, marital discord, paren-
tal illness, and/or parental alcoholism) and is associated 
with impairment in frontal lobe function, affecting the 
ability to plan, to avoid harm, and to learn from negative 
consequences—traits often found in the type 2 or type B 
persons/patients with alcohol dependence. The same type 
of personality characteristics was found in kindergartners 
who had an increased risk for development of SUD in 
 adolescence (62).

More recent research has tried to describe the relation-
ship between personality and risk-taking behaviors in six 
areas, including smoking, drinking, drugs, sex, driving, and 
gambling (63). Risk taking across all six areas was related 
to impulsivity, sensation seeking, aggression, and sociability 
but not to neuroticism–anxiety and activity.

Though the patient in this case scenario seemed to have 
many of the characteristics that are found in Cloninger’s type 
2 and Babor’s type B personality types (early-onset alcohol-
seeking behavior, genetic precursors or family history of 
alcoholism, marital discord, and rapid course of onset of 
substance abuse), her early personality traits did not sug-
gest an early-onset conduct disorder that would offer a more 
negative prognosis. In fact, she seems to be very motivated 
for treatment (64) and did not seem to show any evidence 
for sensation seeking, aggression (except one time while 
drunk), or sociability, which would increase her risk taking. 
Her impulsivity seemed to be related to an untreated ADHD. 
Her history of separation anxiety and possible social phobia 
may have led to her using in order to relax and socialize. 
Her anxiety would have put her at less risk for risk tak-
ing. In fact, she was embarrassed by her behavior, especially 
her history of rape under the influence of alcohol. She is 
motivated to try to quit abusing substances. Therefore, this 
patient seemed to be a good candidate for treatment.

Comorbidity

Any psychiatric disorders that are not recognized and treated 
during any developmental stage can increase the risk of sub-
stance abuse. The chapters in this text that discuss comor-
bidity and risk factors will illustrate this. However, there 
are a few psychiatric disorders that are worth  mentioning, 
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which, if untreated, will increase the risk for substance abuse 
perhaps by making the brain neurobiologically more vul-
nerable to the development of substance abuse. Therefore, 
these disorders can be classified as a developmental vulner-
ability. They are mentioned here briefly. Academic failure 
and learning disorders are not often given sufficient dis-
cussion and, therefore, also are elaborated. Also, as many 
neuropsychiatric disorders can affect executive function, 
this may interfere with and undermine treatment. Bolla 
et al. (65) have shown that abstinent cocaine users show 
less activation than nondrug users in the left anterior cin-
gulated cortex (ACC) and the right lateral prefrontal cortex 
(LPFC) and greater activation in the right ACC. All of these 
findings may impair executive function and further affect 
decision making once substance use begins, especially if the 
deficit in executive functioning occurs in undetected and 
untreated psychiatric disorders.

mood and Conduct disorders

Though ADHD, major depression, and conduct disorder 
may be important components of substance dependence, 
depression may be the primary variable related to sub-
stance use disorder in women at any age (66). Though girls 
are more likely to have internalizing disorders, a study by 
Couwenbergh et al. (67) has shown that externalizing disor-
ders, especially in boys, were consistently linked to SUDs in 
treatment-seeking adolescents. Those with conduct disor-
ders had a higher risk of ending up in a juvenile justice sys-
tem. However, depression in boys may be linked to earlier 
onset of conduct disorder. In a study of adolescent deviant 
boys with conduct disorder and comorbid substance abuse 
reported by Riggs and Whitmore (68), depressed boys were 
more likely to have ADHD, PTSD, anxiety disorder, and an 
earlier onset of conduct disorder when compared to nonde-
pressed boys. In this same study, the depressive symptoms 
did not seem to be relieved after 4 weeks of abstinence.

Hypofunctioning of the OFC and the anterior cingulate 
has been shown to occur in depressed untreated patients. 
Hypofunctioning of the PFC in depressed patients may 
cause disinhibition of the PFC to the amygdala, thereby cor-
respondingly causing a disinhibition of projections to the 
hypothalamus. In turn, there would be an increase in CRF. 
The latter would increase anxiety symptoms and may play 
a role initially in explaining why people who are depressed 
“self-medicate.” However, during chronic drug use, this may 
exacerbate the antireward system, which may also increase 
the use of substances to relieve anxiety (69,70).

Rao et al. (71) identified a unique feature of girls with 
conduct disorder, SUD, and depression. These girls had 
more anxiety disorders and elevated cortisol near sleep 
onset (when the hypothalamic–pituitary system is expected 
to be more active) than depressed girls without SUD. It is 
felt that the use of alcohol and/or stress in these girls may 
be the reason why cortisol levels are much higher than in 
girls with conduct disorder and depression alone. The role 

that this may play in treatment, if any, is unclear at this 
time. However, the role of cortisol (glucocorticosteroids) 
can influence dopamine transmission in the ventral stria-
tum and the shell part of the NAc and thus may drive the 
CRF system (28). This may affect the antireward system and 
increase the likelihood of transition to addiction.

One study has examined the risk of SUD independent of 
the diagnosis of conduct disorder in late-onset bipolar dis-
order. Wilens et al. (72) have reported that those with ado-
lescent-onset bipolar disorder had an 8.8 times greater risk 
of developing substance use disorder than those with child-
hood-onset bipolar disorder, and no other disorder, including 
conduct disorder, accounted for the risk. This finding may 
have something to do with the maturation of the NAc that 
seems to occur at a faster rate than the PFC during adoles-
cents (73). This would give greater weight to the intensity of 
the rewarding effects when using substances during adoles-
cents, especially for youth who have bipolar disorder where 
they may seek out risky behaviors more often than their ado-
lescent counterparts who do not have bipolar disorder.

Though patients may use substances to self-medicate 
their manic symptoms, it is clear that the use of multiple 
substances, such as marijuana and alcohol, may, in reality, 
make the neurobiologic effect even worse. When patients 
(aged 18 to 65 years) presented with active marijuana and 
alcohol use in the manic phase, the marijuana did not 
decrease the level of the manic state. Thus, though the 
sensation of feeling calmer may have been experienced by 
bipolar substance abusers who were manic and using alco-
hol, the mania symptoms were actually worse in those who 
presented with bipolar disorder and marijuana and alcohol 
use than in those with bipolar disorder and alcohol use 
alone. Use of multiple substances may be a sign of a more 
progressive addiction, which would likely decrease the abil-
ity to inhibit compulsive behavior and the level of mania. 
Moreover, the type of treatment used may have less effect 
on those who are actively using marijuana during their pre-
sentation with mania and alcohol. In the latter group, those 
who were treated with lithium and psychosocial therapy 
(compared with those treated with lithium, valproic acid, or 
psychosocial treatment alone) had the highest percentage of 
heavy drinking days as compared to those with bipolar dis-
order who use alcohol alone (74). The same effect has been 
studied in adolescents. Geller et al. (75) have shown that 
bipolar adolescents who also used alcohol had a decrease in 
manic symptoms and alcohol use when treated with lithium.

anxiety disorders

Teachers and clinicians will often not recognize children with 
social phobia because they do not necessarily present with 
behavioral problems. However, those who are recognized 
owing to their aggressiveness should also be evaluated for 
shyness. In one study by Swan (76), the combination of shy-
ness and aggressiveness in boys was a more valid predictor 
of future cocaine use than a history of aggressiveness alone.
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The role of dopamine in the development of social anx-
iety may help to explain the increased risk of developing 
substance abuse if social phobia goes untreated. Striatal 
dopamine reuptake sites were markedly lower in patients 
with social phobia as compared to controls (77), and 
there was lower binding of D2 receptors in the striatum of 
untreated social phobia patients as compared to controls 
(78). The young woman in the case scenario may have had 
lower D2 receptors not only owing to her family history for 
substance abuse but because of her untreated social phobia.

One study of juvenile justice–involved adolescents noted 
that 11% of juvenile detainees met criteria for PTSD and 
that more than half had witnessed violence that precipi-
tated their trauma (79). Two direct relationships have been 
found between childhood trauma and exposure and adult 
criminal behavior in women. Having been in foster care or 
adopted was positively related to engaging in sex associated 
with prostitution. However, early experiences of traumatic 
events (i.e., death of close relative, serious accidents) were 
related to engaging violent crime. For African American 
as well as white women offenders, childhood traumatic 
events were related to the development of adolescent sub-
stance abuse (80). This may help correlate the relationship 
of stress and its effect on the HPA, which may increase the 
levels of CRF, ACTH, and cortisol. If a stressor is mild and 
stimulates the HPA to release CRF and then ACTH, cortisol 
levels rise in response to ACTH. When cortisol reaches the 
pituitary gland, it inhibits further release of CRF and ACTH. 
However, if the stressor is intense; signals in the brain for 
more CRF outweigh the inhibitory effects of cortisol. In this 
latter situation, there may be a correspondingly increased 
risk to use substances of abuse to relieve the anxiety associ-
ated with the heightened CRF levels.

The role of the OFC in anxiety disorders correlates to 
treatment response to cognitive–behavioral therapy (CBT) 
and medications. For example, the high magnitude of 
response of the OFC in functional magnetic resonance 
imaging (fMRI) studies prior to treatment inversely corre-
lated with the response to medications, but the high mag-
nitude of the response of the OFC directly correlated with 
the response to CBT. If the OFC is hypofunctioning in an 
individual with an anxiety disorder and an SUD, the patient 
may not respond to CBT treatment for the anxiety disorder 
as well as CBT treatment for the substance abuse (81,82).

attention deficit hyperactivity disorder

It is well recognized that ADHD with conduct disorder has 
a much greater risk for developing substance abuse than 
ADHD alone. In fact, in a twin study done by Disney et al. 
(83) of 626 pairs of 17-year-old twins, ADHD did not increase 
the risk for substance abuse unless it was associated with a 
co-occurring conduct disorder. Biederman et al. (84) have 
shown that untreated ADHD has more risk for future sub-
stance abuse than ADHD that is treated. If an adolescent has 
ADHD and is not treated, the risk of developing substance 

use disorder is two times higher than in those who have 
ADHD and were treated with stimulants. The role of stimu-
lants in the treatment of ADHD and possible explanations for 
the decreased risk for substance abuse is discussed further. 
However, untreated ADHD seems to involve an underactive 
anterior cingulate and PFC (85,86). The role of the ante-
rior cingulate and PFC in inhibiting impulsivity found with 
ADHD patients could increase the risk of using substances of 
abuse and lead to substance abuse and addiction.

exposure to stimulants for treatment of 
attention deficit hyperactivity disorder  
and attention deficit disorder

As there is so much controversy over the use of stimulants 
in the treatment of ADHD and attention deficit disorder 
(ADD), a common pediatric disease, some point of clarifi-
cation between the uses of stimulants for medicinal versus 
recreational drug use should be noted.

First and foremost, one must consider the speed with 
which substances of abuse move through the blood–brain 
barrier. Swanson and Volkow (87) have pointed out that the 
liability of a drug to cause reinforcing acute euphoric feel-
ings is associated with the instant high achieved by using 
drugs of abuse by smoking, snorting, or using intravenously. 
There is a rapid dopamine blockade of dopamine transport-
ers in the ventral striatum (containing the shell of the NAc) 
causing a euphoric high. However, methylphenidate taken 
orally does not produce this rapid high because it enters the 
brain barrier more slowly and is less associated with a high 
that causes a reinforcing effect of the drug. However, many 
have postulated that even oral use of stimulants may result 
in dopamine system alterations, which in turn may increase 
sensitivity to the reinforcing effects of the drug and, hence, 
increase the risk of later substance abuse. However, initia-
tion of methylphenidate at an earlier age for the treatment 
of ADHD was not associated with the development of sub-
stance abuse and may be protective (88).

There are other studies that may explain why early use 
of stimulants for the treatment of ADHD may decrease the 
risk of developing substance abuse. For instance, this may 
be explained by research done by Castellanos et al. (89). 
Castellanos reviewed total cerebral volume of treated and 
untreated adolescents with ADHD. Total white matter in the 
unmedicated ADHD adolescents was lower than medicated 
and normals. It is hypothesized that perhaps the trophic 
effect on myelination, dendritic branching, and length of 
spines in the treated ADHD youth was somehow protective, 
perhaps by providing a greater brain functional reserve that 
may be associated with a decreased risk of substance use 
disorder. In addition, Luna and Sweeney (90) have shown 
that a normal process that occurs during adolescence is an 
increase in myelination. The effect is an increase in process-
ing speed. Therefore, the lack of myelination may decrease 
processing speed, and these effects may increase the risk for 
substance abuse related to poor academic success.
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Research by Thanos et al. (91) may give further explanation 
for the role between early use of stimulants for medicinal rea-
sons and decreased risk for development of substance abuse. 
As noted before, overexpression of D2 receptors reduces 
alcohol and cocaine self-administration in mice (39,40,92) 
and decreases drug liking and may be protective against sub-
stance abuse in humans (38,41). Thanos found significantly 
reduced rates of cocaine self-stimulation during adulthood in 
periadolescent rats treated with 2 mg/kg oral methylpheni-
date for 8 months as compared to periadolescent rats treated 
with 1 mg/kg or rats receiving water. The availability of D2 
receptors was significantly lower after 2 months of treatment 
in rats given 1 or 2 mg/kg of methylphenidate compared with 
control rats, but after 8 months of treatment, it was signifi-
cantly higher. The rats given 2 mg/kg of methylphenidate at 
8 months had greater D2 receptor–binding availability than 
rats given 1 mg/kg. Therefore, in rodent studies, consistent 
methylphenidate treatment (started in adolescence) attenu-
ated cocaine self-administration during adulthood. In the 
case scenario presented here, if this patient had been treated 
for her ADHD early on, she may not have lost so much poten-
tial academically in school and this may have reduced the 
risk for the development of substance abuse.

learning disorders

Academic failure and low commitment to school are other 
psychobehavioral factors associated with influencing drug 
use during childhood and adolescence. Beyond early onset of 
use, poor academic achievement, poor social skills and com-
petence, LDs, and poor self-esteem were found to be related 
to drug abuse (93,94). Hops et al. (95) found that substance 
abuse at age 14 or 15 could be predicted by academic and 
social behavior between the ages of 7 and 9. Too often, 
ADHD is assumed to be the reason for school problems, and 
a comorbid LD goes undetected. Simkin (96) tested ADHD/
ADD children who had responded well to stimulants in ele-
mentary school but later began to struggle in middle or high 
school. Of those tested, 77 children had ADD/ADHD alone 
or ADD/ADHD with a comorbid anxiety and/or depression, 
which were well controlled for. Of these children, the aver-
age IQ was 122. Ninety-two percent were found to have an 
auditory processing problem, 70% had a processing speed 
problem (on the cognitive battery of the Woodcock Johnson-
III), and 87% had a disorder of written expression (on the 
Woodcock Johnson-III). This is extremely important as 
ADD/ADHD can be confused with processing problems. 
Tapert et al. (97) found that adolescents with attention dif-
ficulties predicted substance abuse and dependency 8 years 
later. This study controlled for substance involvement, edu-
cation, conduct disorder, family history of substance abuse, 
and LDs. The attention difficulties were not necessarily 
related to ADHD/ADD. Given the foregoing information, the 
young woman in the case scenario should be evaluated not 
only for ADHD but also for an LD. This young woman may 
have had a reading disorder, and proper educational testing 

should be performed during her evaluation and treatment. 
Fortunately, this young woman did not end up in a juve-
nile justice system. However, for youth who do present to a 
juvenile justice system, these adolescents experience much 
higher rates of psychiatric disorders than do adolescents in 
the general population (98). However, what brings them 
to the attention of the juvenile justice system is an often  
co-occurring SUD. Many of these individuals also have a 
comorbid LD. In a 2002 report on the California Juvenile 
Justice system, a pathway was described that denotes how 
children, beginning in the school system, are identified for 
risk factors, but no appropriate comprehensive evaluation is 
sufficiently done to prevent entrance into the juvenile justice 
system (99). First, the child may be identified as having a 
mental health need at age 5 by a teacher. A referral is made 
to special education by age 7. Then, the child may interact 
with the mental health and child welfare services by age 
9, and inpatient hospitalization may occur by age 12. The 
pathway ends by entrance into the juvenile justice system by 
age 14. Windows of opportunities for proper evaluation and 
intervention are missed along the way. For instance, before 
a referral to special education occurs, an evaluation for psy-
chiatric disorders should occur or learning difficulties like 
dyslexia should be identified to reduce the risk of entering 
the juvenile justice system. In fact, in a study that looked at 
young offenders and dyslexia, 50% were dyslexic (100).

Early detection of LDs is essential to prevent the increased 
risk for developing substance abuse. However, the timing of 
the intervention may also be crucial. Wright (101) has sug-
gested that processing problems associated with language 
impairment, dyslexia, and auditory processing problems is 
a developmental delay that if not corrected before age 10 
may become permanent during adolescence. This does not 
mean that interventions done after age 9 will not be help-
ful; however, they may not be as robust since the brain may 
not be as plastic and responsive to interventions. Therefore, 
if these disorders are not detected and intervened upon 
at the appropriate time, a window of opportunity may be 
lost. Stimulants may help ADD/ADHD but, should LDs be 
detected, accommodations must be made in order to ensure 
continued success. Early detection of processing problems 
should occur whenever any child has difficulties with read-
ing in order to prevent the risk of developing substance 
abuse and involvement with the juvenile justice system.

schizophrenia

In a study by Hambrecht and Hafner (102), a vulnerability 
hypothesis was constructed to help explain the frequent use 
of marijuana in patients with schizophrenia. This vulner-
ability hypothesis was divided into three groups. Frequent 
use in group 1 may have decreased the threshold for the 
appearance of schizophrenia as they had used for several 
years before the onset of the disorder. Group 2 may be made 
up of a vulnerable group in which the dopaminergic stress 
factor may precipitate the onset of schizophrenia. This group 
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13chapter 102 ■ neurobiology of addiction from a developmental perspective

developed the onset of schizophrenia in the same month 
they began to use marijuana. Group 3 may use the mari-
juana to self-medicate, because they developed the onset of 
marijuana abuse after the onset of the schizophrenia. This 
vulnerability hypothesis may explain the effects that other 
substances of abuse may have on the developing brain and 
how other psychiatric disorders and/or learning disorders 
may emerge or interplay with drugs of abuse. More research 
is needed in regard to this hypothesis.

develOpment Of the adOlesCent Brain

Obviously, if psychiatric disorders and learning disorders 
are detected early and treated, there is less risk for devel-
oping substance abuse. However, adolescence is a time of 
experimentation. Why do adolescents experiment with 
risky behaviors? Much of this may be due to the dramatic 
changes that occur during adolescence. The following is an 
explanation of these changes.

Though the literature suggests that adolescent cognitive 
development is progressively increasing during adolescence 
and that this cognitive control capacity is positively associ-
ated with maturation or increased activity within the PFC 
(103–105), adolescence also has shown to be a develop-
mental stage associated with suboptimal choices. Therefore, 
adolescence seems to demonstrate a nonlinear change 
in behavior unexpected from what the previous research 
has illustrated. If cognitive control and an immature PFC 
were the basis for suboptimal choice behavior, then chil-
dren should look remarkably similar or even worse than 
adolescents, given their less developed PFC and cognitive 
abilities. Thus, immature prefrontal function alone cannot 
account for adolescent behavior.

It has been suggested that perhaps researchers should 
consider adolescence as a period wherein two separate 
 entities are independently working: lack of cognitive con-
trol and risk taking. Focusing on these two entities from 

a  neurobiologic level with two different trajectories may 
give more insight to the reasons behind adolescent behav-
ior (Casey et al., unpublished). Using recent imaging stud-
ies of adolescence (73,106,107), Figure 102-3 depicts this 
model. On the left (A) is the traditional characterization of 
adolescence as related almost exclusively to the immaturity 
of the PFC. On the right (B) is our proposed neurobiologic 
model that illustrates how limbic subcortical and prefron-
tal top-down control regions must be considered together. 
The cartoon illustrates different developmental trajectories 
for these systems, with limbic systems developing earlier 
than prefrontal control regions. According to this model, 
the individual is biased more by functionally mature lim-
bic regions during adolescence (i.e., imbalance of limbic 
relative to prefrontal control) as compared to children, for 
whom these systems (i.e., limbic and prefrontal) are both 
still developing, and compared to adults, for whom these 
systems are fully mature. Further, the model reconciles 
the contradiction of health statistics of risky behavior dur-
ing adolescence, with the astute observation by Reyna and 
Farley (108) that adolescents are able to reason and under-
stand the risks of behaviors in which they engage. According 
to the model in Figure 102-3, in emotionally salient situa-
tions, the limbic system will win over control systems given 
its maturity relative to the prefrontal control system.

develOpment Of GOal-direCted BehaviOr

Specifically, a review of the literature suggests that impulsiv-
ity diminishes with age across childhood and adolescence 
(107,109,110) and is associated with protracted develop-
ment of the PFC (111).

In contrast, to impulse/cognitive control, risk taking 
appears to increase during adolescence relative to child-
hood and adulthood and is associated with subcortical sys-
tems known to be involved in evaluation of rewards. Human 
imaging studies that will be reviewed suggest an increase 
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Figure 102-3 a: the traditional explanation of adolescent behavior has been 
suggested to be due to the protracted development of the prefrontal cortex. 
B: our model takes into consideration the development of the prefrontal cortex 
together with subcortical limbic regions (e.g., nucleus accumbens) that have 
been implicated in risky choices and actions.
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in subcortical activation (e.g., nucleus accumbens) when 
making risky choices (112–114) that is exaggerated in ado-
lescents, relative to children and adults (73,106). These 
findings suggest different trajectories for reward- or incen-
tive-based behavior, with earlier development of these sys-
tems relative to control systems that show a protracted and 
linear developmental course, in terms of overriding inap-
propriate choices and actions in favor of goal-directed ones.

evidenCe frOm neurOimaGinG studies 
Of human develOpment

magnetic resonance imaging studies  
of human development

Evidence for a developmental model of competition bet-
ween cortical and subcortical regions is supported by imma-
ture structural and functional connectivity as measured by 
diffuse tensor imaging (DTI) and functional magnetic reso-
nance imaging (fMRI), respectively. Data from recent lon-
gitudinal MRI studies indicate that gray matter volume has 
an inverted U-shape pattern, with greater regional variation 
than the white matter (115–118). In general, regions sub-
serving primary functions, such as motor and sensory sys-
tems, mature earliest; higher-order association areas, which 
integrate these primary functions, mature later (116,117). 
For example, studies using MRI-based measures show that 
cortical gray matter loss occurs earliest in the primary sen-
sorimotor areas and latest in the dorsolateral prefrontal and 
lateral temporal cortices (116).

In contrast to gray matter, white matter volume increases 
in a roughly linear pattern, increasing throughout develop-
ment well into adulthood (116). These changes presumably 
reflect ongoing myelination of axons by oligodendrocytes 
enhancing neuronal conduction and communication. 
Though less attention has been given to subcortical regions 
when examining structural changes, some of the largest 
changes in the brain across development are seen in these 
regions, particular in the basal ganglia (119) (Fig. 102-2) 
and especially in males (120). A number of studies have 
related frontal lobe structural maturation and cognitive 
function using neuropsychological and cognitive measures 
(118). Specifically, associations have been reported between 
MRI-based prefrontal cortical and basal ganglia regional 
volumes and measures of cognitive control (i.e., ability to 
override an inappropriate response in favor of another or to 
suppress attention toward irrelevant stimulus) attribute in 
favor of relevant stimulus attribute (121).

diffuse tensor imaging studies of human 
Brain development

The MRI-based morphometry studies reviewed suggest 
that cortical connections are being fine-tuned with the 
elimination of an overabundance of synapses and strength-
ening of relevant connections with development and 
experience. Relevant to this chapter are the neuroimaging 

studies that have linked the development of fiber tracts with 
 improvements in cognitive ability. Specifically, associations 
between measures of prefrontal white matter development 
and cognitive control in children have been shown via DTI. 
In one study, development of this capacity was positively cor-
related with prefrontal–parietal fiber tracts (122) consistent 
with functional neuroimaging studies showing differential 
recruitment of these regions in children relative to adults.

Using a similar approach, Liston et al. (123) have shown 
that white matter tracts between prefrontal–basal ganglia 
and prefrontal–posterior fiber tracts continue to develop 
across childhood into adulthood, but only those tracts 
between the PFC and basal ganglia are correlated with 
impulse control, as measured by performance on a go/no-go 
task. The prefrontal fiber tracts were defined by regions of 
interests identified in an fMRI study using the same task. 
Across both developmental DTI studies, fiber tract mea-
sures were correlated with development, but specificity 
of particular fiber tracts with cognitive performance was 
shown by dissociating the particular tract (123) or cognitive 
ability (122). These findings underscore the importance of 
examining not only regional but circuitry-related changes 
when making claims about age-dependent changes in neu-
ral substrates of cognitive development.

functional magnetic resonance imaging 
studies of Behavioral and Brain development

The ability to measure functional changes in the develop-
ing brain with MRI has significant potential for the field 
of developmental science. Collectively, these studies show 
that children recruit distinct but often larger, more diffuse 
prefrontal regions when performing these tasks than do 
adults. Though neuroimaging studies cannot definitively 
characterize the mechanism of such developmental changes 
(e.g., dendritic arborization, synaptic pruning), the findings 
reflect development within, and refinement of, projections 
to and from activated brain regions with maturation and 
suggest that these changes occur over a protracted period of 
time (105,109,121,124–131).

Studies have begun to focus primarily on the region of 
the NAc, a portion of the basal ganglia involved in predict-
ing reward, rather than characterization of the development 
of this region in conjunction with top-down control regions 
(prefrontal cortex). However, a recent report of less ventral 
prefrontal activity in adolescents relative to adults during a 
monetary decision-making task on risk-taking behavior has 
been shown (132).

A neurobiologic model proposed by Casey et al. (109) 
posits that the combination of heightened responsiveness to 
rewards and immaturity in behavioral control areas may bias 
adolescents to seek immediate rather than long-term gains, 
perhaps explaining their increase in risky decision-making 
and impulsive behaviors. They hypothesized that relative to 
children and adults, adolescents would show exaggerated 
activation of the accumbens, in concert with less mature 
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15chapter 102 ■ neurobiology of addiction from a developmental perspective

recruitment of top-down prefrontal control regions. Recent 
work showing delayed functional connectivity between 
these prefrontal and limbic subcortical regions in adoles-
cence relative to adults provides a mechanism for the lack 
of top-down control of these regions (133).

Their findings were consistent with rodent models 
(2003) and previous imaging studies (134) suggesting 
enhanced accumbens activity to rewards during adoles-
cence. Indeed, relative to children and adults, adolescents 
showed an exaggerated accumbens response in anticipation 
of reward. However, both children and adolescents showed 
a less mature response in prefrontal control regions than 
adults. These findings suggest different developmental tra-
jectories for these regions may underlie the enhancement in 
accumbens activity, relative to children or adults, which may 
in turn relate to the increased impulsive and risky behaviors 
observed during this period of development (Fig. 102-4).

Given evidence of prefrontal regions in guiding appropri-
ate actions in different contexts (135), immature prefron-
tal activity might hinder appropriate estimation of future 
outcomes and appraisal of risky choices and might thus be 
less influential on reward valuation than the accumbens. 
During adolescence, relative to childhood or adulthood, an 
immature ventral PFC may not provide sufficient top-down 
control of robustly activated reward-processing regions 
(e.g., accumbens), resulting in less influence of prefrontal 
systems (orbitofrontal cortex) relative to the accumbens in 
reward valuation.

why would the Brain Be programmed  
to develop this way?

Evolutionarily speaking, adolescence is the period in which 
independence skills are acquired to increase success upon 
separation from the protection of the family. Seeking out 
same-age peers and fighting with parents, which all help 
get the adolescent away from the home territory for mating, 
are seen in other species, including rodents, nonhuman pri-
mates, and some birds (136). Humans had to engage in high-
risk behavior to leave their family and village to find a mate 
at just the same time as hormones drive adolescents to seek 
out sexual partners. In fact, Luna and Sweeney (90) have 
suggested that these risk-taking behaviors may be necessary 
to sculpt the brain in order to reach the adult pattern neces-
sary for efficient processing. Hence, adolescence is a crucial 
period of plasticity when the brain circuitry and behavior 
are beginning to be established. Risk taking and novelty 
seeking may provide a mechanism for increasing exposure 
to the environment necessary for successful sculpting of the 
brain. However, in today’s society when adolescence may 
extend indefinitely, with children living with parents and 
having financial dependence and choosing mates later in 
life, this evolution may be deemed  inappropriate. Secondary 
to the extended adolescence, many high-risk behaviors may 
be engaged in that may increase chances for harmful cir-
cumstances (e.g., injury, depression, anxiety, drug use, and 
addiction) (137).
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Figure 102-4 localization of activity in anticipation of reward outcome in the nucleus accumbens (a) and orbital frontal cortex 
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BiOlOGiC predispOsitiOns, develOpment, 
and risk

Impulsivity plays a major role in risk for developing SUD. 
Mischel et al. (138) showed that children typically behave in 
one of two ways: (a) either they ring the bell almost immedi-
ately in order to have the cookie, which means they get only 
one, or (b) they wait and optimize their gains and receive both 
cookies. This observation suggests that some individuals are 
better than others in their ability to control impulses in the 
face of highly salient incentives and this bias can be detected 
in early childhood, and they appear to remain throughout 
adolescence and young adulthood (139). Some theorists have 
postulated that the dopaminergic mesolimbic circuitry, impli-
cated in reward processing, underlies risky behavior (140). 
Individual differences in this circuitry, such as allelic vari-
ants in dopamine-related genes, resulting in too little or too 
much dopamine in subcortical regions, might relate to the 
propensity to engage in risky behavior (141). The NAc has 
been shown to increase in activity immediately prior to mak-
ing risky choices on monetary-risk paradigms (112–114), 
and, as described  previously, adolescents show exaggerated 
accumbens activity to anticipated or rewarding outcomes rel-
ative to children or adults (73,106). Collectively, these data 
suggest that adolescents may be more prone to risky choices 
as a group (142), but some adolescents will be more prone 
than others to engage in risky behaviors, putting them at 

potentially greater risk for negative outcomes. Therefore, it is 
important to consider individual variability when examining 
complex brain–behavior relationships related to risk taking 
and reward processing in developmental populations.

To explore individual differences in risk-taking behavior, 
Galvan et al. (107) recently examined the association between 
activity in a reward-related neural circuitry in anticipation of 
a large monetary reward with personality trait measures of 
risk taking and impulsivity in adolescence. Functional MRI 
and anonymous self-report rating scales of risky behavior, 
risk perception, and impulsivity were acquired in individu-
als between the ages of 7 and 29 years. There was a positive 
association between accumbens activity and the likelihood 
of engaging in risky behavior across development. This 
activity varied as a function of individuals’ ratings of antici-
pated positive or negative consequences of such behavior. 
Those individuals who perceived risky behaviors as lead-
ing to dire consequences activated the accumbens less to 
reward. This association was driven largely by the children, 
with the adults rating the consequences of such behavior 
as possible. Impulsivity ratings were not associated with 
accumbens activity but rather with age. These findings sug-
gest that during adolescence, some individuals may be more 
prone to engage in risky behaviors owing to developmental 
changes in concert with variability in a given individual’s 
predisposition to engage in risky behavior rather than to 
simple changes in impulsivity (Fig. 102-5).
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Figure 102-5 adolescents show enhanced activity of the accumbens relative to children and adults (a). accumbens 
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with self-ratings of the likelihood of negative consequences of such behavior (C). (reproduced from galvan a, hare t, voss 
h, et al.. risk-taking and the adolescent brain: who is at risk? Dev Sci 2007;10(2):f8–f14.)

0002059840.INDD   16 12/16/2013   2:50:42 PM



17chapter 102 ■ neurobiology of addiction from a developmental perspective

Impulsivity is associated with immature ventral prefron-
tal development and gradually diminishes from childhood 
to adulthood (111). The negative correlation between 
impulsivity ratings and age in the study by Galvan et al. 
(107) further supports this notion. In contrast, risk tak-
ing is associated with an increase in accumbens activity 
(112–114) that is exaggerated in adolescents, relative to 
children and adults (73,106). Thus, adolescent choices 
and behavior cannot be explained by impulsivity or pro-
tracted development of the PFC alone, as children would 
then be predicted to be greater risk takers. The findings 
provide a neural basis for why some adolescents are at 
greater risk than others but further provide a basis for how 
adolescent behavior is different from children and adults 
in risk taking.

Collectively, these data suggest that though adolescents 
as a group are considered risk takers (142), some adoles-
cents will be more prone than others to engage in risky 
behaviors, putting them at potentially greater risk for neg-
ative outcomes. These findings underscore the importance 
of considering individual variability when examining 
complex brain–behavior relationships related to risk tak-
ing and reward processing in developmental populations. 
Further, these individual and developmental differences 
may help explain vulnerability in some individuals to 
risk taking associated with substance use and, ultimately, 
addiction.

In conclusion, human imaging studies show struc-
tural and functional changes in frontostriatal regions 
(111,119,120,143,144) that seem to parallel increases in 
cognitive control and self-regulation (104,121,127,145). 
These changes appear to show a shift in activation of pre-
frontal regions from diffuse to more focal recruitment over 
time (121,124,125,128,146) and elevated recruitment of 
subcortical regions during adolescence (109,127,146). 
Though neuroimaging studies cannot definitively charac-
terize the mechanism of such developmental changes, these 
changes in volume and structure may reflect development 
within, and refinement of, projections to and from these 
brain regions during maturation suggestive of fine-tuning 
of the system with development.

Taken together, the findings synthesized here indicate 
that increased risk-taking behavior in adolescence is associ-
ated with different developmental trajectories of subcortical 
pleasure and cortical control regions. These developmen-
tal changes can be exacerbated by individual differences in 
activity of reward systems. Though adolescence has been 
distinguished as a period characterized by reward-seeking 
and risk-taking behaviors (136,142), individual differences 
in neural responses to reward predispose some adolescents 
to take more risks than others, putting them at greater 
risk for negative outcomes. These findings provide crucial 
groundwork by synthesizing the various finding related to 
risk-taking behavior in adolescence and in understanding 
individual differences and developmental markers for pro-
pensities to engage in negative behavior.

new evidenCe Of the link Between 
OBesity and druG addiCtiOn

Volkow and Wise (147) have begun to draw a correlation 
between the addiction circuitry of drugs and a similar cir-
cuitry found in obese individuals. In humans, brain imaging 
demonstrates a similar decrease in D2 receptors in the stria-
tum of obese individuals that is highly similar to decreases 
in drug-addicted individuals. In obese individuals, the num-
ber of D2 receptors is inversely related to the body mass 
index (148). In addition, brain imaging demonstrates that 
when food-related stimuli are presented to obese individu-
als, the OFC and cingulate gyrus in the PFC, these areas 
of the OGC are activated and cravings occur. These same 
activations are seen when drug-related stimuli are given to 
addicts (149).

rOle Of family and peers durinG key 
develOpmental staGes

Modeling the use of alcohol or drugs by parents when chil-
dren are young increases the notion that drugs and alcohol 
are not harmful substances and this risk factor increases the 
risk for using as a teen (150). Peers have a stronger influence 
on adolescents than their parents and not only influence 
initiation of use but relapse (151,152). Peers have a greater 
influence during adolescence. Neurobiologic reasons for this 
can be found in a study by Steinberg (153). Examination 
of fMRI data indicated that the presence of peers activated 
certain regions of the brain that were not activated when 
peers were not present during a risky driving game. These 
regions included increased activity in the medial frontal 
cortex, left ventral striatum (primarily the accumbens), 
left superior temporal sulcus, and the left medial temporal 
structures. This increased activity in the presence of peers 
was associated with a significant increase in oxytocin, which 
heightened adolescents’ attentiveness to memory for social 
information. Therefore, after puberty, adolescents are more 
likely to seek out risky behaviors especially in the presence 
of their peers. This oxytocin may also explain the role of 
sex hormones during puberty and the increase in risk- taking 
behavior. Though sex hormones may not influence the 
amygdala and accumbens directly, the influence of sex hor-
mones on oxytocin and the corresponding effect of oxytocin 
in regulating social bonding and recognition and memory of 
social stimuli in combination with the reasons for increased 
risk-taking behavior may more correctly explain the increase 
in risk taking, especially in the presence of peers.

COnClusiOns

As noted by Iacono et al. (154), at the neurobiologic 
level, behavioral disinhibition can occur via bottom-up 
mechanisms, whereby stimuli acquire excessive salience, 
or motivational drive is high or via failure of top-down 
control mechanisms. During adolescence, the bottom-up 
mechanisms become more important and may explain why 
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 adolescents experiment more with risky behaviors during 
this developmental stage. However, one cannot discuss the 
onset of substance abuse without addressing risk factors 
that may lead to abuse. No one risk factor leads to sub-
stance abuse. In fact, the more risk factors an individual has, 
the greater the risk of developing the disorder. Untreated 
comorbid disorders, genetic predisposition, environmental 
stressors, personality, and age of onset of use are factors that 
may add to the increased risk for using substances of abuse 
during adolescence and may contribute to a more chronic 

and severe form of addiction. Therefore, one must under-
stand risk factors that increase risk and never underestimate 
the importance of early intervention. No one can under-
stand addiction without understanding when, where, and 
why risk factors began from a developmental perspective. 
For these reasons, addiction may be thought of as having 
pediatric origins. Early intervention can obviously decrease 
the risk of developing substance abuse. However, missed 
opportunities to intervene may increase the probability of 
using during adolescence.
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