Biological Basis of Adolescent
Risk-taking:

Evolutionary and Behavioral Genetics
Per spectives

I.  INTRODUCTION
A. Biology of Adolescent Risk Taking

= Biological basis of adolescence risk-taking
focuses on heredity and changes associated with
puberty
= Hereditary: Characteristicsthat are transmitted
genetically from parent to offspring.
= Puberty: Changes in the body as a function of going
through puberty.
= These genetic, neurological and hormonal
changes at puberty may promote risk-taking.

. INTRODUCTION
A. Biology of Adolescent Risk Taking

= Over the next two weeks, we will consider each

of theseinturn.
= This week we will focus on two aspects of
hereditary
= Genes make people similar to each other (evolution) and
different from each other (behavioral genetics)
= Next week we will consider three aspects of
Pubertal changes
= Hormonal changes (chemicals secreted by the endocrine
glands and carried though the body by the bloodstream),
psychological consequences of puberty, and neurological
changes.

I.  INTRODUCTION
B. The Storm and Stress M odel

= G Stanley Hall: Biological changes make
adolescence atime of storm and stress.
= Biological changes in adolescence supposedly cause

adolescents to:

= display mood alterations

= have distressing and unpredictable thoughts

= show high anxiety and exaggerated defense mechanisms

= behave impulsively, inconsistently, or inappropriately.

= manifest inner disturbgnce.

= Arnett (1999), following up on Hall strongly

argues that biological changes makes
adolescence atime of conflict with parents,

impulsivity, and risky behavior due to biological




I. INTRODUCTION
C. Storm and Stress and Adolescent Health

= According to Arnett, adol escents are more
vulnerability to impulsive and risky behavior
= Accidents: 50% of all 10-19 deaths due to accidents
with most involving autos.
= Risky driving more than alack of experience (speeding
tailgating, DUI)
= Suicide: Rate of 6% in 10-14 and 12% 15-19
= Rate has tripled since the 1960's
= Homicides: Teens three times more likely to die
from guns than natural causes.

Il. HEREDITY
A. Biology of Adolescent Risk Taking

= There are two aspects of the role of hereditary in
adol escent risk-taking.

= Evolutionary Theory: Examines the biological basis
of what makes members of the species alikein
various characteristics.
= |sthere abiological basis for adolescence being a time of
vulnerable to risk-taking?
= Behavioral genetics: Examines the biological basis
of what makes members of the species different in
various characteristics.
= Are some adolescents biologically more vulnerable to risk
taking than others?

I[l. HEREDITY
B. Evolutionary Perspective

= 1. Darwin and Evolution
= To Darwin (1872, The Origin of Species), all present
living things descended from prior forms.
= Natural selection: The explanatory principle.

= Some organisms produce offspring that are able to survive
and reproduce while other organisms of the same species
do not.

= Survival of thefittest: The mechanism by which
natural selection works.

= Organisms best suited to exploit environmental resources
and defend against predators will reproduce and bequeath
their genetic heritage to their offspring.

Il. HEREDITY
B. Evolutionary Perspective

= Consider the evolution of the speed of agiven
speciesin agiven environment and assume that:
= speed is normally distributed in the species.
= survival is more likely the faster you are.
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[I. HEREDITY
B. Evolutionary Perspective

= “Survival of the fittest” does mean personal
survival.

= An organism who survives without reproducing is
an evolutionary failure.
= More importantly than personal survival of
individual organismsis the survival of the gene
pool: The sum total of the genes of all future parents
of the species.
= |n evolution, it is the passing on of genes to
offspring which is the critical issue.
= Who gets to reproduce?
= What characteristics get passed down?

Il. HEREDITY
B. Evolutionary Perspective

= 2. Evolutionary Psychology: Emphasizes the
importance of adaptation, reproduction, and
survival of thefittest in explaining behavior.
= To adopt an evolutionary perspective, one must ask
whether a species-related behavior has promotes
reproductive success of the species.
= Consider such universals as:
= Language
= Pretense
= Risk taking in Adolescence.

[I. HEREDITY
B. Evolutionary Perspective

= 3. Evolution and Adolescent Risk Taking. An

evolutionary account of risk taking offersa

number of “survival of thefittest” reasonsfor its

occurrence.

= Explore novel and broader areas away from home.

= Acquire new, perhaps more efficient, behavior
patterns and learn new reward patterns.

= Avoiding inbreeding by the dispersal of men and
women before reproduction.

= Relinquishing child-like and adopting adult-like
behavior patterns.

Il. HEREDITY
B. Evolutionary Perspective

= Nell (2000) offers an additional perspective on
evolutionarily account of adolescent risk taking.

= Evolutionary theory, he emphasizes, is based on
competition between reproductively mature
members of the species.

= Young men who do crazy things are saying ... “Look at
me! | have so much strength and skill that | am fearless, |
will survive no matter how much | drink or how fast |
drive’; the handicaps (which include substance use)
convey the message that the male can support high costs
(Cronin, 1991).




[I. HEREDITY
B. Evolutionary Perspective

= Nell (2000) argues that such an account can
explain decrease in dangerous driving

Percertags Spaedng

Driving represents the
most common form of .
sensation seeking in young|
men because it bypasses |
the genetic endowments of | _ |
strength and speed and
makes the demonstration
of courage available to all
young men, including the
slow and the weak.
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Il. HEREDITY
B. Evolutionary Perspective

= Risk-taking from this perspective is abehavior
deeply embedded in our genetic heritage

= Risk taking isayouthful imperativeto increase
social status by courting danger and
demonstrating courage

= |tisdecidedly not a“stupid” or “meaningless’
act but one which promotes reproduction
success.

= As Nell notes: At the individual level, risk is part of
life. A life without risk is alife not worth living,
empty of mastery, achievement, and social status.

[I. HEREDITY
B. Evolutionary Perspective

= Nell further notes that adolescent risk taking is
not exclusively a human trait, but one that
appliesto members of all species
= As Nell suggests, “Evolution has, on the contrary, so
arranged matters that young males of virtually all
species are biochemically prepared to fight for
territorial advantage and physical dominance.”
= Evidence for this claim comes from comparative
psychology, which explores the evol utionary
basis for similarities and difference between
species behavior.

Il. HEREDITY
B. Evolutionary Perspective

= Fairbankset al., (1993) examined risk taking in
younger and older Velvet monkeys.

= Risk taking was ecologically assessed by monkeys
approaching a human observer, entering a new area,
approaching a novel food container, and coming
close to a strange adult male.

= In all 4 test conditions, risk-taking was an inverted
U-shaped function of age.

= Latency to approach in unfamiliar and potentially
dangerous situations declined from birth to age 2 yrs, (age
of sexual maturity) then increased with age to adulthood.
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II. HEREDITY
C. Behaviora Genetics

= Behavioral Genetics: The field of study
devoted to uncovering the contributions of
nature and nurture to the diversity of human
characteristics.
= Behavior Geneticists computeHeritability
estimates which measure the extent to which
individual differences in complex traits (e.g.,
intelligence, personality, risk taking) are due to
genetic factors.
= A characteristic is inherited if unrelated people are
different in that characteristic but related people are
similar.

Il. HEREDITY
C. Behaviora Genetics

= Heritability estimates are obtained from Twin
Studies, which compare characteristics of

varioustypes of siblings.
= The most well known twin study compares them on

1Q.

Relationship Genetic Predicted  Actual r
Similarity  r for 1Q for 1Q
Unrelaied Sblings 0% 15

.0

[Related SIblings 50% 5 47
Fraternal Twins 50% .5 60
Identical Twins 100% 1.0 86

Il. HEREDITY
C. Behavioral Genetics
= Twin Studies of |Q are controversial.
Relationship Genetic Actual  Environmental
Similarity  r for 1Q Similarity
Unrelated siblings 0% 15 low

Related Siblings 50% A7 medium
Fraternal Twins 50% .60 medium high
Identical Twins 100% .86 high

= Adoption studies examine concordance rates...

= petween twins when reared together & apart.

= pbetween adopted kids are their biological and
adopted parents.

Il. HEREDITY
C. Behavioral Genetics

= Many characteristics appear to be inherited.

=|_imits of research:

Studies can overestimate
the influence of heredity

while underestimating the

impact of the environment.

L It is difficult to generalize
the twin pair study results
to the general population.

They do not address the
process of change.




II. HEREDITY
C. Behaviora Genetics

= Stallings et al.(2002) assessed whether risky
behavior as smoking and drinking have agenetic
component.
= They distinguished between when these risky
behaviors were first tried (age at first used) and the
time (latency) it took from when first tied to when it
become used regularly.
= Hypothesized that environmental influences would
be more important in determining twin resemblance

for age-related milestones, while genetic factors
might make a greater contribution to twin

resemblance for the latency between first use and
reqular use.

Il. HEREDITY
C. Behaviora Genetics

= Little evidence of agenetic component for age
of first use of tobacco and alcohol, except for
age at weekly use of alcohol.

Table [L MZ and DZ Twin Corrclations for Age-at-Onsct Milestones

Onser milestone P (M) Fex o
Mlzohal
Age ot first use ever AT 4 (563) A5 2 .07 (240}
Age at first intoxication A3 = 07 (2223 4100 (96}
Age a1 weekly use* 40+ 08 [158) 18% .13 (623
Tobacco
Age at first use ever Ad & 06 (3123 37 & .08 1363
Age at daily use (1 cigfday)® 41 % .07 (240 34 £ .10 (973
Age ar daily use (10 cigs/day)? 35 & 08 174y 50+ .12 (69}

Note. ryz = MZ twin (product-moment} correlation + standard error of estimates
roz = DZ twin {product=moment) correlation £ standard error of estimate.

= A = mumher of twin pairs with complete data

* Weekly alcohol use—drink aleohol ar least once per week.

< Smoke ar leasr one cigaretie per day.

“ Smoke ar feast half a pack (10 cigaretes) per day.

II. HEREDITY
C. Behavioral Genetics

» |n contrast, there isamuch stronger genetic
effect for latency variables.

T he reﬂJI ts ‘Table I¥, MZ and DZ Twin Correlations for Transition Latency Variables
nggest a Transition aency variahe! o L T [
genetic element e
el firs v ever (0 age at finstinoication nnoon B @)
to When Age i first use ever age at weekly wse L8 (5 -0t (@)
Tobaceo
someone gets Age at flest wse ever 10 age at dally use (1 clgldy) B0 (8 00 o

hooked after an Age o first wse ever 0 age ot aily wse (10cipslay) 37808 (1) ER ]
initial ex posure 1y ® M tvin (product-momea) coreltion  standurd ertor of esiimae;
T, = DI twin (product-moment) correlation £ standard eror of estimate.

to smoki ng or  Latency—difference i years between age o onset for nse milstones,
. . ¥ N = mumber of twin pairs with complete daa
drinking

Il. HEREDITY
D. GXE=P

= Genes do not work in avacuum
= To be expressed, a gene interacts with the biological,
physical, and social environment.
= To expressthis, geneticists distinguish between:
= Genotype: The genetic basis of a particular trait.
= Phenotype: The actual expression of atrait.
= Thefollowing formulais afoundation of modern|
genetics: GXE=P
= Phenotype (P) is a product the interaction between
the Genotype (G) and the biological, physical, and
social Environment (E).




II. HEREDITY
D. Gene Environmental Interaction

= Sandra Scarr offered additional clarification of

the G X E=Pformula
= She examined how people with particular genes

come to find themselves in particular environments.

= She presented accounts of these gene (G) gene -(E)
environment correlations in the production of (P)

Il. HEREDITY
D. Gene Environmental Interaction

= a. Passive Correlation: In a passive
correlation, an adolescent has no other control
over the environment available to him or her
than the one created by parents.
= Parents create an environment compatible with
their own heredity and provide for the adol escents

phenotypes. hereditary.
Scarr believes that G
genes & envi ronments p Parents P
are not so independent
of each other? E
Il. HEREDITY Il. HEREDITY

D. Gene Environmental Interaction

= b. Evocative Correlation: In anevocative
correlation, the environment is consistent with
and generated by the adolescent’s heredity.
= The environment is created in response to the genes
from which it is evoked (e.g., temperamentally
pleasant and calm adolescents evoke different
environments than nervous and anxious ones).

Parents<:i: > P

D. Gene Environmental Interaction

= c. Active Correlations: In anactive correlation,
environments are actively sought out which
complement genetic tendencies.
= This tendency to actively choose environments that
complement our heredity is called niche-picking.
= With age, genetic factors may become more

important in determining the environments we
experience and choose for ourselves.

Parents<:1: > P




II. HEREDITY
D. Gene Environmental Interaction

= These accounts of gene-environment interactions
have been sharpened with better accounts of the
environment.
= “Shared environments’ are those commonly
experienced by siblings, including their parents
personality, social class, and neighborhood.
= Such environments appear to have little influence on
personality or interests.
= “Non-shared environments’ include the person’s
own unique experiences within and outside the
family which is not shared by siblings.
= Non-shared environments have strong influences on
persondlity and interests, due to active niche-picking.

Comparison of Correlations and Their Interpretations

Comparison in Intraclass
Correlations

Magnitude of correlation
of monozygotic twins
reared apart

Monozygotic correlations
greater than dizygotic
correlations

Twins reared together
more similar than twins
reared apart

Monozygotic pairs more
than twice as similar as
dizygotic pairs

No or little difference in
monozygotic and
dizygotic correlations

Differences among mono-
zygotic twins (one
monozygotic
correlation)

Interpretation

Importance of genetic effects
Importance of genetic effects
Importance of shared rearing

environments

Importance of nonadditive
genetic effects

Importance of correlated
environmental effects

Nonshared environmental
influences

Malaty, H. M. et. al. Ann Intern Med 1994;120:982-986

|Annals of Internal Medicine

II. HEREDITY
D. Gene Environmental Interaction

= Stallingset al., study allows for the analysis of
whether smoking and drinking exposure is due
to shared or non-shared environmental factors.
= For 4 of the 6 substance use (first and daily)
milestones, twin resemblance could be more
adequately explained by a non-genetic model.
= The evidence points to the role of shared and non-shared

environment in the age of adolescents' first exposure to
drugs and alcohal and the age of their regular use of them

Table ¥. Model-Fitting Results: Aleohol and Tobacco Use Milestones

Madel L & IS ar P AL
Aleohol
Age at first use
ACE? a1 a8 a3 03s 3 95 565
(Clys) (02-44) 1453 (38-49)
AE 58 42 1032 4 o 132
cE = 54 46 291 H 0 309
Ape a first intoxicasion
e ACE oy 35 56 163 3 65 ~4.36
AE p " E i 2
Cce = 43 e 190 n 5 EPETY
(Chst 33-51) 49671
Age at weekly use
ACE a o0 51 1335 E] <01 736
AE" . = 57 1336 4 o 536
{Clys) (20-55) (4471
cE = 3 6 19.78 4 <o s
Tobacco
Age at first use
A 1 0 36 119 3 76 —am
= 4 " FEn M 2
= 2 " 190 a i
=) (34-49) (51-66)
Age at daily use (1 ciglduy)
g acE 15 26 59 243 3 49 -as7
e = 3 51 307 P = o3
g =) 5270
Age at dally use (10 cigday)
ACE 00 40 60 3.02 3 39 ~2.98
AE 4 = 984 4 o Log
E = 50 50 EX 3 BTy
{Cles) (.29-50) 1.50-71)

Note. (Clgs) = 95% confidence intervals for parameter csimates; A = additive genetic effects:

C = shared environmentsl effects: E = nonshared

environmental effects; 4% = proportion of variance explained by additive genelic effects: c* = proportion of variance cxplained by shared envi
conmental effects; < = peoportion of variance explained by nonshared environmental effects

“ Best-fitting model by AIC criteria,




II. HEREDITY
D. Gene Environmental Interaction

= Stallings et al., study also allows for the analysis
of whether the time from first exposure to
regular smoking and drinking is genetic or
environmental factors.
= |n contrast to substance use (first and daily), latency
to regular use appears to be more strongly influenced
by genetic factors.
= A model relating genetic and non-shared environmental
factors was adequate to explain twin resemblance for three
of the four transition latencies.

Table V1. Model-Fitting Results: Latencies from First Use 1o Regular Aleohol and Tobacco Use

Transition model W e & ¢ v df P AIC
Aleohol
Age st first use to age at first intoxication
g:cs 1 n - 56 0.4 3 M SIE
E ki) = = 67 1.83 4 ¥il —6.18
@ [ces = 30 = 70 L7 ] 90 693
(Clay) 1.19-40) (6081}
Age ol first use to age at weekly use
Cms ) — a1 £ 565 3 13 -3
e 23 = — 7 717 ] 13 )
(Cla) {13-43) (57-87)
Tabacen
Age at first use 0 age at dily use [1/day)
ADE 00 -2 as 405 3 % 10
CLE‘ 24 = = 6 460 [ 33 34
(Chy) (12-35) (65-88)
Age at first use [0 age at daly use (10day)
PACE ki - 61 4% 3 B an
[Sag: 31 S—— 4 4P 4 ¥ an
{Cls) (23-49) (51-77)

CE 30 N 825 4 08 25

Note:(Cles) = 95% confidence intervals for parameler estimates; A = additive genetic effects: C = shared environmental effects: D = nonaddi-
tive genetic cffects; E = nonshared effects: i = prop i lained by additive genetic effects; ¢ = prapartion of
variance explained by shared environmental effects; o m proportion of variance explained by nonadditive genetic effects. ¢ = proportion of
variane explained by nonshared environmenal effects.

#Best-fiting model by AIC criteria

[I. HEREDITY
D. Epigenetic Model

= Summary
= Genes and environments are not independent of each
other but interact in producing phenotypes (including
risk taking behaviors).
= The interaction depends on:
= The type of environment; The nature of the genotype;
Age; Freedom to choose environments.

= Epigenetic Model of Development:
Development of theindividual resultsfrom
ongoing, bidirectional exchanges between
heredity and al levels of environment.

. HEREDITY
D. Epigenetic Model

= From evolutionary theory, we have learned that
risk-taking may emerge with sexual maturation.
= From behavioral geneticswe learn that sexually
mature adol escents actively niche-pick.
= Adolescents are (maybe for the for the first time)
able to seek out genetically compatible environments
and indulge in them.
= Risk-taking may be go hand in hand with indulgence (i.e.,,
next week we will see that teens have difficulty with
behavioral inhibition).
= Some adolescents may have a specific temperament
to seek out and indulge in particular kinds of
environments.




I[I. HEREDITY
E. Genesand Environmentsin Puberty

= Because of their temperament, some may tend

towards sensation seeking, defined as "the

seeking of varied, novel and intense sensations

and experiences and the willingness to take

physical, social, legal and financial risksfor the

sake of such experiences.”

= Twin and adoption studies have shown a strong

heritability component for Sensation Seeking, which
is often characterized as a personality trait (see

Zucker man 2000).

Il. HEREDITY
E. Genesand Environmentsin Puberty

= Levenson (2002) examined the role of sensation
seeking on risk taking
= He looked for an effect of sensation-seeking (among
other psychological traits), depending on the form of
risk in which people engage.
= He distinguished between the risks sought out by
three different groups --
= Antisocial risk-takers defined as residents in along-term
drug-trestment facility (N=24).
= Adventurous risk takers, defined as rock climbers (N=18).

= Pro-social risk takers, or heroes, defined as policemen and
firemen decorated for bravery (N=21).

I[I. HEREDITY
E. Genesand Environmentsin Puberty

= Levenson used Zuckerman's SS measure.
= |t includes 4 subscales.

= Thrill and adventure seeking: Defined as a desire for
activities involving moderate danger or adventure such as
parachute jumping or driving fast.

= Experience Seeking: Defined as looking for new
experiences through music, art, drugs, or unconventionality
in dress or behavior.

= Disinhibition: Defined as seeking sensation by casting off
inhibition through activities such as drinking or sexual
variety.

= Boredom Susceptibility: Defined as adidike for
repetitious experience of any kind and a desire for novelty
things and people.

Il. HEREDITY
E. Genesand Environmentsin Puberty

= Levenson (2002) found that sensation seeking
was different for different groups.

It isinteresting that NEroes st fu Hoe Rasse Gompurisms

(Gr. 3) were distinct from _— 5 o
the other two groups Emotindits B G0 1
. . . - Depression 46.18 000 1>(2,3)
primarily in their low Prschopaths ‘ s o0 1a0
. Fuupe:dmwnmhmny 042 68 :
scores on the sensation- e —— i — s
seeki al firrioitouiiiantl G I T 54 Y
Ing scales. Disinhibition i 00 1223
The results suggest that ~ fmes Ry
DIT D score 3.03 056 -_

motives for risk taking are e sar- susunce avuse prociin, it - Detming ssvesTest

* Bonferroni'’s correction for multiple Fs was uscd. Thercfore only

not based on thn || Seekl ng. those ps < 004 are considered significant. *Group | = drug-unit

residents, Group 2 = rock climbers, Group 3 = herocs.
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