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Abstract
There are sex differences in risk-taking and related personality traits. Boys and men
engage in more risky behavior than do girls and women. Sex differences in risky behavior may
be partly influenced by early hormones. This hypothesis was tested in this study using the natural
experiment congenital adrenal hyperplasia (CAH), a genetic disorder that results in exposure to
high levels of androgens in utero. The personality trait sensation seeking and an experimental
measure of risk-taking were assessed as part of a long-term study. At Time 1, 61 adolescents and
adults (ages 16 to 27 years), including 33 girls and women with CAH and 11 boys and men with
CAH, completed a sensation seeking questionnaire. At Time 2, 28 adults (ages 18 to 37 years),
including 13 women and 3 men with CAH, completed the same measure of sensation seeking
and an experimental measure of risk-taking. Unaffected same-sex relatives were controls.
Unaffected males were hypothesized to score higher than unaffected females, and females with
CAH were hypothesized to score higher than unaffected females on sensation seeking and risktaking. At Time 1, unaffected males scored higher than unaffected females on sensation seeking
and on the thrill and adventure seeking and boredom susceptibility subscales of sensation
seeking, but not on the other two subscales. Females with CAH scored higher than unaffected
females on thrill and adventure seeking, but not on the other subscales. At Time 2, there were no
sex differences and no differences between females with versus without CAH on sensation
seeking or risk-taking. The results do not allow firm conclusions about prenatal androgen effects
on sensation seeking or risk-taking, but suggest that prenatal androgens may masculinize thrill
and adventure seeking. Failure to find hypothesized effects may be due to limited statistical
power.
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Introduction

Why do some people willingly parachute out of planes while others refuse to climb the
high diving board? What causes one person to gamble on uncertain investments and another
person to eschew any chance of financial loss? Differences in risky behavior are the subject of
much curiosity. They are also the subject of public concern: risky behaviors have been
implicated in areas of social consequence ranging from health outcomes (Kann et al., 2016) to
the stability of financial markets (Coates & Herbert, 2008; Kandasamy et al., 2014).
Risky behavior is characterized by uncertainty of outcome and the possibility of gain,
offset by the possibility of loss. Risky behavior consists of both the personality traits that dispose
an individual to take risks and the manifestation of those traits. Risk-taking is not driven by a
single trait (Figner & Weber, 2011), but sensation seeking is one personality trait that is
particularly useful for studying risky behavior (Lauriola, Panno, Levin, & Lejuez, 2014;
Steinberg, 2010; Steinberg et al., 2008). Sensation seeking is “the seeking of varied, novel,
complex, and intense sensations and experiences, and the willingness to take physical, social,
legal, and financial risks for the sake of such experience” (Zuckerman, 1994, p. 27). High
sensation seekers appraise risk as lower than do low sensation seekers (Horvath & Zuckerman,
1993; Zuckerman, 1979), and they are more likely to take risks (reviewed in Zuckerman, 2007).
Furthermore, sensation seeking is suggested to be the common factor that accounts for
associations among different types of risky behaviors (Zuckerman, 2007, p. 65).
In the context of the most popular conceptualization of personality, the Five Factor
Model of personality (Block, 2010), high sensation seekers are characterized by higher levels of
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Openness to Experience and Extraversion and lower levels of Conscientiousness and
Agreeableness compared to low sensation seekers (Aluja, García, & García, 2003; Dahlen &
White, 2006; Zuckerman, Kuhlman, Joireman, Teta, & Kraft, 1993). Neuroticism does not differ
between high and low sensation seekers (Dahlen & White, 2006; Zuckerman et al., 1993).
Sensation seeking correlates most strongly with the E5- Excitement Seeking facet of
Extraversion (r = .58) (Aluja et al., 2003).
There is a moderate-sized sex difference in sensation seeking. Across the lifespan, boys
and men score higher than girls and women (Cross, Cyrenne, & Brown, 2013). Developmental
changes in sensation seeking involve increasing levels from age 9 to a peak around age 15,
followed by steadily declining levels thereafter. The size of the sex difference in sensation
seeking remains relatively stable across much of development (Ball, Farnill, & Wangeman,
1984; De Moor, Beem, Stubbe, Boomsma, & De Geus, 2006; Roth, Schumacher, & Brähler,
2005; Russo et al., 1993; Steinberg et al., 2008; Zuckerman, Eysenck, & Eysenck, 1978).
As would be expected, some individual subcomponents of sensation seeking show sex
differences. The four subscales of the main measure of sensation seeking are thrill and adventure
seeking (TAS), disinhibition (DIS), boredom susceptibility (BS), and experience seeking (ES)
(Zuckerman et al., 1978). Across the lifespan, boys and men score higher than girls and women
on TAS, DIS, and BS, and the differences are small-to-moderate (d = .42, d = .46, and d = .35,
respectively); there is not a significant sex difference on ES (Cross et al., 2013). Developmental
changes in the subscales follow the same pattern as total sensation seeking, increasing from age 9
to 15 followed by steady decline thereafter, and the size of the sex differences in the subscales
remains relatively stable across development (Ball et al., 1984; De Moor et al., 2006; Zuckerman
et al., 1978).
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Consistent with evidence about personality, boys and men also engage in more risktaking behavior across the lifespan than do girls and women, though this difference is typically
small (Byrnes, Miller, & Schafer, 1999; Charness & Gneezy, 2012; Morrongiello & Matheis,
2007; Zuckerman & Kuhlman, 2000). There are low base rates for some risky behaviors (e.g.,
problem gambling; Welte, Barnes, Tidwell, & Hoffman, 2008), but not all (e.g., risky driving,
risky sexual activity; Kann et al., 2016). The size of the sex difference is not consistent across
development for all forms of risk-taking. For example, the size of the sex difference for physical
risk-taking remains constant from early to late childhood (Morrongiello & Matheis, 2007),
whereas the size of the sex difference for risky driving increases from adolescence into young
adulthood, and the size of the sex difference for gambling remains constant from adolescence
into young adulthood (Byrnes et al., 1999). Changes in the size of the sex difference in different
risky behaviors across development has been attributed to asynchronous increases and decreases
in multiple risk-related personality traits between males and females (Shulman, Harden, Chein,
& Steinberg, 2015).
Understanding the causes of the sex difference in risky behavior is important and can
shed light onto the causes of individual differences in risky behavior since factors that contribute
to differences between the sexes often also contribute to variation within the sexes (Blakemore,
Berenbaum, & Liben, 2009, p. 151). In general, sex differences in behavior have been seen to
result from many factors, including gendered socialization, gender cognitions, and sex-related
biology. Gendered socialization explanations typically emphasize learning and social learning
theories, hypothesizing that some sex differences in behavior result from reinforcement,
punishment, imitation, and modeling of gender-appropriate behavior (e.g., Bussey & Bandura,
1984). Gender cognitive explanations, such as gender schema theory, emphasize the importance
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of gender identity and gender stereotypes in schematic processing of sex-related information,
resulting in sex differences in behavior (e.g., Martin & Halverson, 1981). Sex-related biological
explanations consider sex-typed behaviors to result from the same factors that produce physical
sex differences, that is, genes on the sex chromosomes and sex hormones (e.g., Arnold, 2009).
The focus of this work concerns sex hormone effects on the sex difference in sensation
seeking and risk-taking. Sex hormones are endogenous steroids that differ in concentration
between males and females and are involved in sexual differentiation and reproduction. The two
classes of sex hormones are estrogens and androgens. Both estrogens and androgens are found in
both sexes, but estrogens are found in higher concentration in females than in males (beginning
at puberty), and androgens, including the hormone testosterone, are found in higher
concentration in males than in females (between weeks 8-24 of gestation, between postnatal
months 2-3, and after puberty) (Achermann & Hughes, 2016).
Sex hormones are generally seen to affect behavior in two ways. First, sex hormones
during sensitive periods early in life can cause permanent changes in neural development, thus
altering subsequent behavior; these effects are termed “organizational.” Second, circulating
hormones throughout life can temporarily alter some brain structures, thus temporarily
modifying behavior; these effects are termed “activational.” Notably, however, this distinction is
not as clear as originally hypothesized. The cellular effects of sex hormones do not differ
between organizational and activational effects on behavior (Arnold & Breedlove, 1985), and the
brain may remain sensitive to organizational effects up through puberty (Berenbaum & Beltz,
2011; Schulz, Molenda-Figueira, & Sisk, 2009; Sisk & Zehr, 2005) and at other periods (e.g.,
pregnancy; Kinsley et al., 1999).
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The organizational effects of early androgens on the sex difference in sensation seeking
and risk-taking are the focus of this work. In nonhuman animals, exposure to sex hormones early
in development has been shown to have permanent effects on sex-typed behaviors. In particular,
early androgens have been shown to masculinize and defeminize sexual behavior, aggression,
and rough play in species ranging from rodents to nonhuman primates (for reviews, see de Vries,
Fields, Peters, Whylings, & Paul, 2014; McCarthy, 2011; Ryan & Vandenbergh, 2002; Thornton,
Zehr, & Loose, 2009; Wallen, 2005, 2009). There is also some evidence from rodents that early
androgens affect risky behaviors such as exploration (Ray & Hansen, 2004) and novelty seeking
(Palanza, Morley-Fletcher, & Laviola, 2001), though the direction of the sex difference in rodent
novelty seeking is not consistent throughout the literature (Davis, Clinton, Akil, & Becker, 2008;
Hughes, 1968; Laviola, Macrı,̀ Morley-Fletcher, & Adriani, 2003; Palanza et al., 2001; Ray &
Hansen, 2004; Russell, 1977; Toledo-Rodriguez & Sandi, 2011). The study of early androgen
effects on sex-typed human behaviors is predicated on this work, and results generally confirm it.
In human beings, male fetuses experience a surge of testosterone production between
approximately weeks 8 to 24 of gestation, resulting in large sex differences in testosterone during
this period (Abramovich , 1974; Abramovich & Rowe, 1973; Dattani & Gevers, 2016; Reyes,
Boroditsky, Winter, & Faiman, 1974; Rodeck, Gill, Rosenberg, & Collins, 1985). This causes
sexual differentiation of the external genitalia, reproductive system, and likely also the brain and
subsequent behavior (Blakemore et al., 2009, p. 47; Collaer & Hines, 1995). Critically, however,
experimental manipulation of hormones in human fetuses is not possible, thus creating
challenges for studying the effects of prenatal androgens on sex-typed behaviors. Fortunately,
several methods have been developed to address this question (for reviews, see Berenbaum &
Beltz, 2016; Blakemore et al., 2009; Cohen-Bendahan, van de Beek, & Berenbaum, 2005b).
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Organizational effects of prenatal androgens on sex-typed human behaviors have been
studied in individuals with endocrine disorders where only one component of sexual
differentiation has been “manipulated” by nature (e.g., a genetic mutation), producing a
dissociation among aspects of sexual differentiation. Such natural experiments can provide
strong evidence for a causal effect of the manipulated component of sexual differentiation on
sex-typed behavior; this assumes that there is control for other factors that might influence the
behavior of interest and rule out alternative explanations.
The most studied natural experiment is congenital adrenal hyperplasia (CAH), a
condition that results in exposure to high levels of androgens beginning early in gestation due to
a genetic mutation causing an enzyme deficiency in the cortisol biosynthesis pathway. When
individuals are diagnosed with CAH after birth, they are treated with glucocorticoids to
normalize androgen levels (Speiser et al., 2010). If high levels of prenatal testosterone contribute
to sexual differentiation of the human brain, then subsequent behavior in girls and women with
CAH should be more male-typical and less female-typical than that of unaffected girls and
women. Critically, girls and women with CAH are reared and identify as female, so any
behavioral masculinization or defeminization can be attributed to their increased prenatal
androgen exposure. Extensive evidence has shown that females with CAH are more male-typical
and less female-typical than unaffected females in several behavioral domains including toy
play, activity and career interests and participation, and spatial ability (for reviews, see
Berenbaum & Beltz, 2016; Berenbaum & Beltz, 2011; Cohen-Bendahan et al., 2005b; Hines,
2011; Hines, 2010; Hines, Constantinescu, & Spencer, 2015). To date, sensation seeking and
risk-taking have not been examined in girls and women with CAH, though some related
characteristics (e.g., sex-typed personality traits) have been; this evidence is reviewed later.
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Nevertheless, CAH is not a perfect experiment. Females with CAH differ from females
without CAH in several ways beyond increased prenatal androgens, and these might affect
behavior in girls and women with CAH. First, girls with CAH have masculinized genitalia that
may elicit more male-typical socialization. However, girls with CAH have been shown to play
more with boys’ toys regardless of whether or not one of their parents is in the same room; in
fact, the presence of their parent may actually decrease their play with boys’ toys (Nordenström,
Servin, Bohlin, Larsson, & Wedell, 2002; Servin, Nordenström, Larsson, & Bohlin, 2003).
Furthermore, parents have been shown to give more positive feedback for playing with girls’
toys to daughters with CAH than to unaffected daughters (Pasterski et al., 2005). In contrast, one
study found that parents offer more encouragement for play with boys’ toys to daughters with
CAH than to unaffected daughters, but this was suggested to be in response to their increased
interest in boys’ toys relative to unaffected daughters (Wong, Pasterski, Hindmarsh, Geffner, &
Hines, 2013). Parental socialization is unlikely to fully account for masculinized behavior of
girls with CAH, though it may contribute.
Second, hormones other than androgens (e.g., cortisol and aldosterone) are also abnormal
in CAH (Speiser & White, 2003) and might affect behavior. For example, cortisol may affect
memory which could impact behavior (Het, Ramlow, & Wolf, 2005). However, boys and men
with CAH are generally behaviorally similar to unaffected boys and men, suggesting that
behavior in girls and women with CAH is unlikely influenced by these other hormones
(Berenbaum, 1999; Berenbaum & Hines, 1992; Berenbaum & Resnick, 1997; Hines et al., 2015;
Leveroni & Berenbaum, 1998). Third, living with a chronic disease may affect behavior. Again,
however, the lack of sex-typed behavioral effects in boys and men with CAH compared to
unaffected boys and men does not support this. Additionally, girls with diabetes scored similarly
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to control girls on measures of sex-typed behavior, whereas the scores of girls with CAH were
more masculine and less feminine than the girls with diabetes (Hall et al., 2004). Fourth,
imperfect disease control may result in increased postnatal androgen exposure, which could
affect behavior. However, women treated for CAH are more likely to have low rather than high
postnatal androgen levels (Helleday, Siwers, Ritzen, & Carlström, 1993b). Additionally,
masculinized toy play has been shown to relate to indicators of prenatal but not postnatal
androgen excess (Berenbaum, Duck, & Bryk, 2000). Furthermore, masculinized toy play and
gender-role behavior have been shown to relate positively to degree of prenatal androgen
exposure inferred from genotype (Hall et al., 2004; Nordenström et al., 2002). In sum, these
factors do not offer compelling alternative explanations for findings in CAH.
Another natural experiment to study prenatal androgen effects on sex-typed behaviors
and corroborate findings from CAH is complete androgen insensitivity syndrome (CAIS).
Individuals with CAIS have a 46,XY karyotype and, therefore, develop normal testes that
produce male-typical levels of androgens; however, due to defective or absent androgen
receptors, they cannot respond to androgens, so have no effective androgen exposure. This
results in female-typical physical development and female-typical rearing. If androgens affect
sex-typed behaviors, individuals with CAIS should be female-typical because they cannot
respond to their androgens (Hines, Ahmed, & Hughes, 2003; Wisniewski et al., 2000). Although
there are few behavioral studies of CAIS (because it is very rare; Achermann & Hughes, 2016),
the evidence is consistent with this hypothesis. Individuals with CAIS have female-typical
gender identity, sexual orientation, and gender-role behavior (Hines et al., 2003; Mazur, 2005;
Wisniewski et al., 2000); they perform worse than control men and women on some spatial
abilities (Imperato-McGinley, Pichardo, Gautier, Voyer, & Bryden, 1991); and they show
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female-typical brain activation for mental rotation (van Hemmen et al., 2016) and in response to
sexual stimuli (Hamann et al., 2014). CAIS is not a perfect experiment either, because effective
androgen exposure is confounded with female-typical rearing and circulating hormones.
Nevertheless, the evidence from CAIS is consistent with prenatal androgenic organization of
sex-typed behaviors and converges with evidence from CAH and from studies of typical
samples, discussed next.
Organizational effects of prenatal androgens on sex-typed human behaviors have also
been studied in typically-developing individuals. This approach circumvents the challenges of
studying rare populations, and it provides valuable information about the influence of normal
variation in prenatal androgens on normal variation in sex-typed behaviors. In these studies,
levels of prenatal androgens are either assayed directly (i.e., by sampling amniotic fluid) or
inferred indirectly (i.e., from physical characteristics related to prenatal androgen exposure, such
as aspects of genital anatomy or gestation with a co-twin, or from testosterone levels in maternal
blood) and analyzed in relation to individual differences in sex-typed behavior, separately by sex
(Berenbaum & Beltz, 2016; Constantinescu & Hines, 2012). Limitations of directly assaying
fetal androgen levels are practical, ethical, and theoretical. Performing amniocentesis to obtain
amniotic fluid is a risk to the fetus, so it is limited to women who undergo the procedure for
medical purposes (Constantinescu & Hines, 2012), and it is not clear how amniotic testosterone
levels relate to fetal plasma testosterone levels (Abramovich, 1974; Gitau, Adams, Fisk, &
Glover, 2005; Rodeck et al., 1985). Limitations of indirectly inferring prenatal androgen levels
from physical markers mainly concern which markers accurately reflect normal variation in
prenatal androgens (e.g., Berenbaum, Bryk, Nowak, Quigley, & Moffat, 2009). Likewise, it is
not clear how testosterone levels in maternal blood relate to fetal testosterone levels
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(Abramovich, 1974; Cohen-Bendahan, van Goozen, Buitelaar, & Cohen-Kettenis, 2005c; Gitau
et al., 2005; Rodeck et al., 1985). Nevertheless, studies of normal variation in prenatal androgens
in typically-developing individuals have provided convergent evidence that prenatal androgens
affect sex-typed toy play and activity interests (Auyeung et al., 2009; Hines et al., 2002;
Pasterski et al., 2015) and spatial ability (Auyeung et al., 2012; Heil, Kavšek, Rolke, Beste, &
Jansen, 2011; Vuoksimaa et al., 2010), though some studies have failed to find effects (e.g.,
Auyeung et al., 2012; Grimshaw, Sitarenios, & Finegan, 1995; Knickmeyer et al., 2005; van de
Beek, Goozen, Buitelaar, & Cohen-Kettenis, 2009).
In sum, robust and consistent evidence from natural experiments, along with converging
evidence from studies of natural variation in prenatal androgen exposure, strongly supports the
hypothesis that prenatal androgens masculinize and defeminize some sex-typed human
behaviors, most prominently toy play, activity and career interests and participation, and spatial
ability (Berenbaum & Beltz, 2016). There is relatively little evidence regarding prenatal
androgen effects on sensation seeking and risk-taking, but there is some suggestive evidence
from natural experiments and studies of natural variation in prenatal androgen exposure in
typically-developing individuals, discussed next.
There is evidence that prenatal androgens affect sex-typed personality traits. Compared to
unaffected females, girls and women with CAH are less empathic and maternal (Helleday,
Edman, Ritzén, & Siwers, 1993a; Mathews, Fane, Conway, Brook, & Hines, 2009), less
interested in infants (Leveroni & Berenbaum, 1998), and more physically aggressive
(Berenbaum & Resnick, 1997; Mathews et al., 2009; Pasterski et al., 2007). However, not all
personality traits that show sex differences differ between girls and women with CAH and
unaffected females. One study did not find a difference on dominance between girls and women
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with CAH and unaffected females, but this may have been due to low statistical power (Mathews
et al., 2009). One study of individuals with CAIS found them to score lower on assertiveness and
higher on tender-mindedness than control men, in parallel with the sex difference on these traits
(Hines et al., 2003). Another natural experiment in which children were prenatally exposed to
androgenic hormones for medical purposes found that they were more likely than their
unexposed, sex-matched siblings to be aggressive (Reinisch, 1981). Studies of typicallydeveloping children have found that amniotic testosterone relates negatively to empathy among
boys (Chapman et al., 2006; Knickmeyer, Baron-Cohen, Raggatt, Taylor, & Hackett, 2006).
The only data on androgen effects on sensation seeking and risk-taking are indirect,
coming from studies of fraternal twins. Females with a male co-twin are thought to be exposed to
increased androgens compared to females with a female co-twin (Miller, 1994; Resnick,
Gottesman, & McGue, 1993). This hypothesis is based on evidence from nonhuman animals. In
rodents and swine, females positioned between two male fetuses in utero show masculinized
aspects of postnatal anatomy, physiology, and behavior due to the transfer of androgens from the
adjacent males (Clark & Galef, 1998; Even, Dhar, & vom Saal, 1992; Rohde Parfet et al., 1990;
Ryan & Vandenbergh, 2002; vom Saal, 1989). Fraternal twin studies are not perfect experiments.
First, human female twins may not receive as much prenatal androgen exposure as females in
nonhuman species that are flanked by males. Nonhuman females that gestate next to only one
male are typically not as masculinized as those that gestate between two males (Ryan &
Vandenbergh, 2002). Second, androgen transfer between co-twins has not been directly
demonstrated, though it is possible (Meulenberg & Hofman, 1991; Ross & Beall, 2013). This
likely occurs by diffusion of androgens across the amniotic sacs, rather than transfer through
maternal circulation (Cohen-Bendahan et al., 2005). Consistent with the hypothesized transfer of
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androgens from the male to the female twin, girls and women with a male co-twin have been
found to be masculinized on several physical, cognitive, and gender-role traits and sex-related
psychiatric symptoms compared to girls and women with a female co-twin, but several studies
have failed to see such effects (reviewed in Berenbaum & Beltz, 2016; Cohen-Bendahan et al.,
2005b).
Two studies have found girls and women with a male co-twin to be masculinized on
sensation seeking compared to girls and women with a female co-twin (Resnick et al., 1993;
Slutske, Bascom, Meier, Medland, & Martin, 2011). Importantly, one study also controlled for
postnatal socialization effects by showing that women with a female co-twin did not differ from
women with a female co-twin and a close-in-age older brother, ruling out sibling imitation as a
potential confound (Slutske et al., 2011). However, another study failed to find a difference
between girls with a boy versus a girl co-twin on sensation seeking (Cohen-Bendahan, Buitelaar,
van Goozen, Orlebeke, & Cohen-Kettenis, 2005a). This may reflect methodological issues such
as small sample size and potentially confounding activational hormone effects. The two studies
that found an effect of co-twin sex on sensation seeking had a sample size of 4,355 (Resnick et
al., 1993) and 844 (Slutske et al., 2011), whereas the study that did not find an effect had a
sample size of 203 (Cohen-Bendahan et al., 2005a). Furthermore, positive findings were seen in
adults, but negative ones in children (Cohen-Bendahan et al., 2005a). There is variation in the
timing and sequence of pubertal changes (Dahl, 2004), and sensation seeking has been positively
associated with pubertal development when controlling for age (Martin et al., 2002; Steinberg et
al., 2008), so variation in pubertal development among the children (all of whom were age 13)
may have confounded the results.
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The two studies of fraternal twins that found an effect of co-twin sex on sensation
seeking also found sex differences and co-twin effects on some of the sensation seeking
subscales. One found that boys and men scored higher than girls and women on TAS, DIS, and
BS, and girls with a boy co-twin scored higher than girls with a girl co-twin on DIS and ES,
despite ES not showing a sex difference (Resnick et al., 1993). The other found that men scored
higher than women on all four subscales, and women with a male co-twin scored higher than
women with a female co-twin on TAS and ES (Slutske et al., 2011).
Other fraternal twin studies of related personality traits and risky behaviors are consistent
with prenatal androgen masculinization of sensation seeking and risk-taking. Relative to women
with a female co-twin, women with a male co-twin have been found to be masculinized on
conservatism (Miller & Martin, 1994), which has been moderately to strongly negatively
correlated with sensation seeking (all rs < -.45; Glasgow, Cartier, & Wilson, 1985; Kish,
Netterberg, & Leahy, 1973; Pearson & Sheffield, 1975). Compared to girls and women with a
female co-twin, girls and women with a male co-twin have also been found to be masculinized
on willingness to break social rules, consistent with increased sensation seeking (Loehlin &
Martin, 1999). Another risky behavior, pathological alcohol use, also shows effects of co-twin
sex. Women with a male co-twin report more alcohol use disorder symptoms than do women
with a female co-twin when postnatal socialization effects are controlled (Ellingson, Slutske,
Richmond‐Rakerd, & Martin, 2013), and this has been supported by the finding that co-twin sex
moderates the genetic risk for pathological drinking in girls (Meyers et al., 2014).
The bulk of evidence from fraternal twin studies suggests that sensation seeking and
related personality traits and risky behaviors are affected by prenatal androgens. This is
consistent with the evidence for prenatal androgen effects on other sex-typed personality traits
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and behaviors seen in individuals with CAH and CAIS. Nevertheless, these data are inadequate
to conclude that prenatal androgens affect sensation seeking and risk-taking for several reasons.
First, fraternal twin studies are not perfect experiments. Second, not all personality traits and
behaviors that show sex differences show differences between girls and women with CAH and
unaffected females (Hines, 2010), so it is possible that sensation seeking and risk-taking are not
affected by prenatal androgens. Third, the evidence from fraternal twin samples lacks convergent
support from natural experiments. Causal inferences would be most strongly supported if girls
and women with CAH are found to score higher on these characteristics than unaffected girls and
women, in parallel with the sex difference.
Therefore, the purpose of this study was to evaluate the effect of prenatal androgens on
sensation seeking and risk-taking in adolescents and adults with CAH. I hypothesized that girls
and women with CAH would score higher on sensation seeking and risk-taking than unaffected
girls and women. I also hypothesized that girls and women with CAH would score higher on the
TAS, DIS, and BS subscales of sensation seeking than unaffected girls and women. Boys and
men with CAH were also studied and not expected to differ from unaffected boys and men, as
they have been shown not to differ on most aspects of behavior examined (Berenbaum, 1999;
Berenbaum & Hines, 1992; Berenbaum & Resnick, 1997; Hines et al., 2015; Leveroni &
Berenbaum, 1998); they also provide a control for other hormone abnormalities in CAH and the
effects of living with a chronic disease.
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Method

Participants

Participants were part of a longitudinal study of early hormonal influences on sex-typed
behavior and were initially recruited through pediatric endocrine clinics or a family support
group. Self-reported sensation seeking was assessed during the longitudinal study (Time 1),
along with other measures reported elsewhere (Beltz, Swanson, & Berenbaum, 2011;
Berenbaum, 1999; Berenbaum & Bailey, 2003; Berenbaum, Bryk, & Beltz, 2012; Berenbaum,
Bryk, Duck, & Resnick, 2004; Berenbaum et al., 2000; Berenbaum & Hines, 1992; Berenbaum
& Resnick, 1997; Berenbaum & Snyder, 1995; Leveroni & Berenbaum, 1998; Resnick,
Berenbaum, Gottesman, & Bouchard, 1986). A subset of 13 of these individuals participated in a
follow-up neuroimaging and behavioral study (Time 2) in which self-reported sensation seeking
was assessed again, along with an experimental measure of risk-taking. At Time 1, data on
sensation seeking were available for 61 adolescents and adults ranging in age from 16.2 to 26.5
years, M (SD) = 20.0 (2.6) years. At Time 2, data on sensation seeking and risk-taking were
available for 28 adults ranging in age from 18.4 to 37.0 years, M (SD) = 27.4 (4.7) years. Table 1
shows the number and age of participants at Time 1 and Time 2 by sex and status (CAH,
control). Groups did not differ significantly in age at Time 1 nor at Time 2. Control participants
are unaffected same-sex siblings and first cousins, providing a control for general genetic and
environmental effects on behavior.
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Measures

Zuckerman’s Sensation Seeking Scale Form V (ZSSS-V). All participants completed
the ZSSS-V, a self-report measure of sensation seeking. It consists of 40 items presented as a
forced choice between two options, one sensation seeking option (e.g., “I would like to take up
the sport of water skiing;” “I get bored seeing the same old faces.”) and one lower sensation
option (e.g., “I would not like to take up water skiing;” “I like the comfortable familiarity of
everyday friends.”). Participants were asked to select the action or preference that that better
describes their feelings. If the sensation seeking option is selected, the item is scored as a 2; if the
lower sensation option is selected, the item is scored as a 1. The items are summed to produce a
total score (minimum score of 40 and maximum score of 80). The total score is composed of four
subscales, each consisting of ten items (each with a minimum score of 10 and maximum score of
20): thrill and adventure seeking (TAS), disinhibition (DIS), boredom susceptibility (BS), and
experience seeking (ES). For the total and the four subscales, higher scores reflect more of the
trait (Zuckerman, 1994). Most studies use this original scoring method (e.g., Aluga et al., 2003;
Dahlen & White, 2006; Trimpop, Kerr, & Kirkcaldy, 1999; Zuckerman et al., 1978).
In this study, the total score and the four subscale scores were computed by averaging;
the relevant items for the total and the four subscales were summed and divided by the total
number of items present for each, as done by Slutske et al. (2011). Averaging produces a total
score and subscale scores ranging from 1 to 2, with higher scores reflecting more of the trait.
This also standardizes scores since some participants did not respond to some items. Subscales
were considered missing if more than three of the ten items were missing, as done by Slutske et
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al. (2011). At Time 1, 98% of participants had complete data for all four subscales; at Time 2, all
participants had complete data.
The ZSSS-V is a valid and reliable measure of a real-world sensation seeking behaviors.
Higher ZSSS-V scores relate negatively to risk perception (moderate-sized relationship) and
predict more risk-taking (small-to-moderate sized relationship for some risky behaviors, e.g.,
financial risk-taking, ranging to large relationship for other risky behaviors, e.g., risky criminal
behavior) (Zuckerman, 2007, p. 57). High scorers have more permissive attitudes toward sex,
more varied sexual experiences, are more willing to try novel and unusual foods, and have more
interest in complex, ambiguous, and intense stimuli than do low scorers (Zuckerman, 1994). A
review of published data found that the mean internal reliability for the ZSSS-V total score is .76
and the mean internal reliabilities for the subscales are .75 for TAS, .69 for DIS, .62 for BS, and
.69 for ES (Deditius-Island & Caruso, 2002). The ZSSS-V total score has high test-retest
reliability (.94 for a three-week interval; Zuckerman, Buchsbaum, & Murphy, 1980). A metaanalysis showed that boys and men score higher than girls and women on ZSSS-V total sensation
seeking (d = .46) and on three of the four subscales: TAS (d = .42), DIS (d = .46), and BS (d =
.35); the difference on ES is not significant (d = .04) (Cross et al., 2013).
At Time 1, participants completed a modified version of the ZSSS-V with only 36 items;
four items were removed because they queried drug use and sexual behavior, and Time 1
participants included minors. At Time 2, participants were all adults and completed the full
questionnaire.
Balloon Analogue Risk Task (BART). At Time 2, participants also completed the
Balloon Analogue Risk Task (BART), a behavioral measure of risk-taking. The BART is a
computer game and consists of 30 trials of virtual balloon pumping. Participants click a mouse to
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add pumps of air to a balloon, earning money for each pump. They decide when to stop adding
pumps and collect the total money earned for the trial. If the balloon pops, all the money for the
trial is lost. Riskiness on the BART is assessed as the adjusted average number of pumps (i.e.,
the average number of pumps on balloons that did not pop), with higher averages reflecting more
riskiness (Lejuez et al., 2002).
The BART has high test-retest reliability (r = .82) and predicts real-world risk-taking
behavior. For example, riskiness on the BART was moderately-to-strongly correlated with a
variety of real-world addictive, health, and safety risk behaviors (e.g., smoking, pathological
drinking, polydrug use, gambling, unsafe sex, infrequent seatbelt use), with BART scores
explaining variance in these behaviors beyond that explained by demographics and risk-related
personality traits (Lejuez, Aklin, Zvolensky, & Pedulla, 2003; Lejuez et al., 2002). Men take
more risks on the BART than do women (d = .63) (Lejuez et al., 2002).

Data Analysis Plan

Data from Time 1 and Time 2 were analyzed separately. The subset of participants who
participated at both Time 1 and Time 2 had sensation seeking data from both time points, and
their scores were analyzed separately at each time. The following hypotheses were tested in the
main analyses with group comparisons: unaffected boys and men will score higher than
unaffected girls and women on sensation seeking and the BART; girls and women with CAH
will score higher than unaffected girls and women on sensation seeking and the BART. In
exploratory analyses, the same group differences were hypothesized for the TAS, DIS, and BS
subscales of sensation seeking. No hypotheses were made regarding differences between boys
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and men with CAH versus unaffected boys and men, but these groups were compared as a
control for other hormone abnormalities in CAH and the effects of living with a chronic disease.
Main Analyses. The main analyses proceeded in several steps. First, a correlation
analysis was performed to assess whether sensation seeking or BART scores at either time point
was related to participant age. Sensation seeking was hypothesized to correlate negatively with
age, given that sensation seeking levels decline steadily after approximately age 15 up through
age 70 (Ball et al., 1984; De Moor et al., 2006; Roth et al., 2005; Russo et al., 1993; Shulman et
al., 2015; Steinberg, 2010; Steinberg et al., 2008; Zuckerman et al., 1978) and all participants are
16 or older. I had no hypothesis for the BART, given that age-related changes in risk-taking are
not as uniform as sensation seeking (Byrnes et al., 1999). This study had statistical power of .65
to detect a moderate size correlation (r = -.3) between age and sensation seeking at Time 1 and
power of .34 to detect a moderate size correlation between age and sensation or the BART at
Time 2.
Second, group differences were examined with either an analysis of covariance
(ANCOVA) or analysis of variance (ANOVA). If there was a significant correlation between age
and the outcomes of interest, then age was covaried in subsequent analyses, using an ANCOVA
with between-subjects factors of sex and status (CAH, control). If there was not a significant
correlation between age and the outcomes, then an ANOVA was used, with between-subjects
factors of sex and status. Exploratory t tests were conducted to probe group differences with
greater statistical power, and effect sizes are reported in standard deviation units, d = mean
difference/average standard deviation (Cohen, 1988). 95% confidence intervals are reported for
effect sizes.
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Statistical power for group comparisons was limited. A small difference in sensation
seeking (d = .2) was expected between girls and women with CAH versus unaffected girls and
women, based on the moderate size of the sex difference reported in a recent meta-analysis (d =
.46; Cross et al., 2013). At Time 1, there was power of .15, and at Time 2, there was power of .12
to detect such a difference. A small-to-moderate size difference on the BART (d = .35) was
expected between girls and women with CAH versus unaffected girls and women, based on the
moderate-to-large size of the sex difference (d = .63; Lejuez et al., 2002). There was power of
.19 to detect such a difference at Time 2. In addition to limited power, Type I error was increased
as an effect of conducting multiple comparisons. To compensate, the significance level α was set
at .05.
Exploratory Analyses. The exploratory analyses followed the same procedure as the
main analyses. First, a correlation analysis was performed to assess whether TAS, DIS, or BS at
either time point were related to participant age. These three subscales were hypothesized to
correlate negatively with age, given that they have been shown to decline steadily after
approximately age 15 up through age 70 (Ball et al., 1984; De Moor et al., 2006; Zuckerman et
al., 1978) and all participants are 16 or older. This study had statistical power of .65 to detect a
moderate size correlation (r = -.3) between age and the subscales at Time 1 and power of .34 to
detect a moderate size correlation between age and the subscales at Time 2.
Second, group differences on the subscales were examined with an ANOVA or an
ANCOVA with age as the covariate if there was a significant correlation between age and the
subscale. Exploratory t tests were conducted to probe group differences with greater statistical
power. Since the effect sizes of the sex differences on TAS, DIS, and BS are small-to-moderate
(d = .42, d = .46, and d = .35, respectively; Cross et al., 2013), I expected the differences
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between girls and women with CAH versus unaffected girls and women to be small (d = .2). At
Time 1, there was power of .15, and at Time 2 there was power of .12 to detect such differences.
The significance level α was set at .05 to adjust for multiple comparisons.
Additionally, correlation analysis was performed to examine test-retest reliability of the
ZSSS-V and to determine the relationship between Time 2 participants’ ZSSS-V scores and
BART scores. Test-retest reliability was expected to be good, based on previous findings
(Zuckerman et al., 1980). A small-to-moderate positive correlation was expected between Time
2 ZSSS-V and BART scores, based on previous findings (r = .14; Lauriola et al., 2014).
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Results

Main Analyses
The aim of the main analyses was to test group differences in sensation seeking at Time 1
and group differences in sensation seeking and the BART at Time 2. On both sensation seeking
and the BART, unaffected boys and men were hypothesized to score higher than unaffected girls
and women, girls and women with CAH were hypothesized to score higher than unaffected girls
and women, and no hypotheses were made for the comparison of boys and men with CAH
versus unaffected boys and men. Neither sensation seeking nor the BART was significantly
correlated with age (as detailed below), so group differences were tested using analyses of
variance (ANOVAs) with between-subjects factors of sex and CAH status (affected, unaffected).
Exploratory t tests were conducted to probe group differences with greater statistical
power, and Type I error was set at .05. One-tailed t tests were used to compare controls and to
compare girls and women with versus without CAH, and two-tailed t tests were used to compare
boys and men with versus without CAH. Effect sizes were calculated in standard deviation units,
d = mean difference/average standard deviation. 95% confidence intervals were calculated
around effect sizes. Descriptive statistics and effect sizes of group comparisons are reported in
Table 2, and the results of statistical tests of group differences are reported in Table 3.
Time 1: Sensation Seeking. There was not a significant correlation between total
sensation seeking and age, r(59) = .03, p > .05. There was a main effect of sex such that males
scored higher than females on sensation seeking. There was not a significant main effect of CAH
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status. There was a significant interaction between sex and CAH status such that there was a
larger effect of sex among unaffected individuals than among individuals with CAH.
Exploratory t tests revealed that scores on sensation seeking were significantly higher for
unaffected males than unaffected females, and the difference is large (see Table 2). Girls and
women with CAH also scored higher than unaffected girls and women, but the difference was
not significant; however, the 95% confidence interval for the sex difference spans small to large
effects. Boys and men with CAH scored lower than unaffected boys and men, but the difference
was not significant.
Time 2: Sensation Seeking and the BART. There was not a significant correlation
between total sensation seeking and age, r(26) = -.23, p > .05. There was not a significant main
effect of sex or CAH status, nor was there a significant interaction on sensation seeking.
Exploratory t tests revealed that scores on sensation seeking were significantly lower for men
with CAH than unaffected men, and the difference is large (see Table 2). There were no other
significant group differences on sensation seeking. The 95% confidence interval for the sex
difference on sensation seeking spans small to large effects.
There was not a significant correlation between adjusted average number of pumps on the
BART and age, r(26) = -.05, p > .05. There was not a significant main effect of sex or CAH
status, nor was there a significant interaction on the BART. Exploratory t tests revealed no
significant group differences on the BART. The 95% confidence interval for the sex difference
on the BART spans small to large effects.
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Exploratory Analyses

The primary aim of the exploratory analyses was to examine group differences on the
four subscales of sensation seeking (TAS, DIS, BS, and ES) at both Time 1 and Time 2. On
TAS, DIS, and BS, unaffected boys and men were hypothesized to score higher than unaffected
girls and women, girls and women with CAH were hypothesized to score higher than unaffected
girls and women, and no hypotheses were made for the comparison of boys and men with CAH
versus unaffected boys and men. The analysis procedure was the same as the main analyses.
Descriptive statistics and effect sizes of group comparisons at Time 1 are reported in Table 4,
and the results of statistical tests of group differences are reported in Table 5. Descriptive
statistics and effect sizes of group comparisons at Time 2 are reported in Table 6, and the results
of statistical tests of group differences are reported in Table 7.
Additionally, several correlations were examined. To determine test-retest reliability of
the ZSSS-V, the correlation between ZSSS-V scores of the subset of participants who
participated at both Time 1 and Time 2 was examined. To determine the relationship between
sensation seeking and risk-taking, the correlation between Time 2 participants’ ZSSS-V scores
and BART scores was examined.
Time 1. The correlations between age and the sensation seeking subscales TAS, r(59) =
.06, DIS, r(59) = -.08, BS, r(59) = .02, and ES, r(59) = .09, were not significant (all ps > .05).
There was a significant main effect of sex on BS such that males scored higher than females.
There was a significant interaction between sex and CAH status on ES such that there was a
larger effect of sex among unaffected individuals than among individuals with CAH. There were
no other significant main effects or interactions.
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As shown in Table 4, exploratory t tests revealed that, on TAS, unaffected males scored
higher than unaffected females and the difference is large; girls and women with CAH also
scored higher than unaffected females on TAS and the difference is moderate-to-large. The sex
difference on DIS was not significant, but the 95% confidence interval spans small to large
effects. On BS, unaffected males scored higher than unaffected females and the difference is
moderate-to-large; there was not a significant difference between girls and women with CAH
versus unaffected females on BS, but the 95% confidence interval spans small to moderate-tolarge effects. On ES, boys and men with CAH scored lower than unaffected males and the
difference is large. There were no other significant group differences on the sensation seeking
subscales at Time 1.
Time 2. The correlations between age and the sensation seeking subscales TAS, r(26) =
-.26, DIS, r(26) = -.03, BS, r(26) = -.03, and ES, r(26) = -.31, were not significant (all ps > .05).
On DIS, there was a significant main effect of sex and of CAH status such that women scored
higher than men and individuals with CAH scored lower than unaffected individuals, but there
was not a significant interaction between sex and CAH status. There were no other significant
main effects or interactions.
Exploratory t tests revealed that, on DIS, women with CAH scored lower than unaffected
women and the difference is large (see Table 6). There were no other significant group
differences on the sensation seeking subscales at Time 2. The 95% confidence intervals for the
sex difference on TAS and BS span small to large effects, and the 95% confidence interval for
the sex difference on DIS spans small to small-to-moderate effects.
Correlations. The correlation between ZSSS-V scores of the subset of participants who
participated at both Time 1 and Time 2 was large, r (11) = .73, p < .01. ZSSS-V and BART
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scores were significantly negatively correlated at Time 2 (moderate-to-large relationship), r (26)
= -.37, p < .05.
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Discussion

The aim of this study was to examine the effect of prenatal androgens on sensation
seeking and risk-taking in adolescents and adults, using CAH as a natural experiment. Based on
evidence from fraternal twin studies, natural experiments, and studies of typically-developing
children, a sex difference and an effect of CAH among females were expected on sensation
seeking and the BART. Exploratory analyses were also conducted to examine prenatal androgen
effects on the four subscales of sensation seeking; a sex difference and an effect of CAH among
females were expected on thrill and adventure seeking, disinhibition, and boredom susceptibility.
The results do not allow firm conclusions about prenatal androgen effects on sensation
seeking or risk-taking, but the overall pattern is consistent with little or no effect of prenatal
androgens. At Time 1, a sex difference was found on sensation seeking, but girls and women
with CAH did not differ significantly from unaffected females (though the 95% confidence
interval includes small to large effect sizes). At Time 2, failure to find a sex difference on
sensation seeking and on the BART precluded testing of the effect of prenatal androgens.
Likewise, the results do not allow firm conclusions about prenatal androgen effects on the
subscales of sensation seeking, but the overall pattern is consistent with little or no effect of
prenatal androgens. However, there is some suggestion that prenatal androgens masculinize thrill
and adventure seeking; at Time 1, there was a large sex difference on thrill and adventure
seeking, and girls and women with CAH scored higher than unaffected girls and women
(moderate-to-large difference). At Time 1, there was also a moderate-to-large sex difference on
boredom susceptibility, but no significant difference between girls and women with CAH versus
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unaffected women (though the 95% confidence interval includes both small and moderate-tolarge effect sizes). There were no significant sex differences on any of the other subscales at
Time 1 or Time 2, which precluded testing of prenatal androgen effects.
Exploratory correlations indicated that the test-retest reliability of the ZSSS-V was
acceptable over the approximately 11-year interval between Time 1 and Time 2. The finding of a
moderate-to-large negative correlation between Time 2 participants’ ZSSS-V scores and BART
scores was unexpected and likely due to limitations of the study, discussed later.
These results add to the mixed and limited literature concerning prenatal androgen effects
on sensation seeking and risk-taking. For sensation seeking, only three studies have directly
examined prenatal androgen effects, and all used a fraternal twin design. One study also found an
effect of co-twin sex of the thrill and adventure seeking subscale of sensation seeking, but the
effect was about one-eighth the size of the sex difference (Slutske et al., 2011), suggesting that
prenatal androgen transfer from boy co-twins may be modest and more difficult to detect.
Indeed, another study of fraternal twins did not find an effect of co-twin sex on thrill and
adventure seeking, though it did find an effect on total sensation seeking (Resnick et al., 1993).
The third study did not find a significant sex difference on sensation seeking (Cohen-Bendahan
et al., 2005a), likely due to confounding effects of pubertal hormones. Since it is not clear if
studies of fraternal twins provide a valid method for assessing effects of natural variation in
prenatal androgen exposure, future work should first focus on assessing prenatal androgen
effects on sensation seeking in natural experiments with larger samples.
For risk-taking, the evidence concerning prenatal androgen effects is limited, indirect,
and only covers the social and alcohol-abuse domains (Ellingson et al., 2013; Loehlin & Martin,
1999; Meyers et al., 2014), likely because of their relevance to negative health outcomes, but
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also in part because there has been no universally accepted measure of risk-taking (Lejuez et al.,
2002). Therefore, future work examining prenatal androgen effects on risk-taking should
continue to use measures that show large sex differences and that predict real-world risk-taking
across multiple domains, such as the BART (Lejuez et al., 2003; Lejuez et al., 2002). Future
studies of prenatal androgen effects on risk-taking should be conducted not only in natural
experiments with larger samples, but also in other samples with natural variation in prenatal
androgen exposure in order to build converging evidence across multiple methods.
The exploratory correlation results add to knowledge of the psychometric properties of
the ZSSS-V, indicating that its test-retest reliability remains acceptable over about an 11-year
interval. Previous work only examined test-retest reliability over a three-week interval
(Zuckerman et al., 1980). The exploratory negative correlation of ZSSS-V and BART scores is
contrary to expectation, but consistent with the conclusion of a recent meta-analysis of 22 studies
that examined sensation seeking and BART scores: failure to find a small-to-moderate positive
relationship between the measures (r = .14) is likely due to insufficient power from small
samples (Lauriola et al., 2014). This points to methodological limitations of this study.
Several methodological limitations should be considered in interpreting the results. First,
statistical power to detect group differences at both Time 1 and Time 2 was very limited due to
small sample size. This is likely why some sex differences were not significant at both times. It
may have also contributed to failure to find prenatal androgen effects when significant sex
differences were found. When studying rare samples, such as natural experiments like CAH
(Speiser et al., 2010), large samples are difficult to obtain, and power is further limited if
expected differences are not large, as is the case for sensation seeking and risk-taking. Second,
Type I error was increased as an effect of conducting multiple comparisons.
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Third, several participants had particularly low scores on the ZSSS-V and the BART at
Time 2. Two participants had particularly low scores on sensation seeking (both scored 1.10 on a
scale ranging from 1 to 2). No individual reports of such low sensation seeking scores were
found in the literature. These two participants are women with CAH, so it is possible that their
low scores are related to some disease factor, such as overtreatment with cortisol (see below for
further discussion). Similarly, three participants had particularly low scores on the BART at
Time 2 (2.2, 7.9, and 11.3, whereas typical BART scores range from 24.6 to 44.1; Lauriola et al.,
2014). These three participants are also women with CAH, so it is possible that their low scores
are related to some disease factor, such as overtreatment with cortisol (see below for further
discussion). These scores contributed to the especially large variance on BART scores among
women with CAH (SD = 16.41). Notably, however, variance among all groups on the BART was
larger than typical (all SDs > 9.1, whereas the typical standard deviation is around 6.93; Lauriola
et al., 2014).
There are several conceptual issues that must be addressed. First, it is possible that
circulating cortisol levels contributed to the sensation seeking and BART scores. There is
evidence for an inverse relationship between cortisol and sensation seeking (Ballenger et al.,
1983; Croissant, Demmel, Rist, & Olbrich, 2008; Freeman & Beer, 2010; Harl, Weisshuhn, &
Kerschbaum, 2006; Netter, Hennig, & Roed, 1996; Rosenblitt, Soler, Johnson, & Quadagno,
2001; Shabani, Dehghani, Hedayati, & Rezaei, 2011), and individuals with CAH may have
higher than normal levels of cortisol due to overtreatment (Helleday, Siwers, Ritzen, &
Carlström, 1993b). In fact, the prescribed daily maintenance doses of cortisol for children and
adolescents with CAH exceed daily physiological cortisol secretion (Speiser & White, 2003), as
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the treatment goal of suppressing excessive androgens often requires supraphysiologic doses
(Speiser et al., 2010).
If individuals with CAH have higher than normal levels of cortisol due to overtreatment,
they would score lower than unaffected controls on sensation seeking, counteracting the
hypothesized effect of prenatal androgens in girls and women with CAH. The control
comparison of boys and men with CAH versus unaffected boys and men is informative here to
dissociate effects of prenatal androgens versus other factors. Boys and men with CAH and
unaffected boys and men both have high prenatal androgen exposure, so any differences between
them can be attributed to other hormone abnormalities in CAH, such as cortisol, or the effects of
living with a chronic disease.
At both Time 1 and Time 2, boys and men with CAH did score lower than unaffected
boys and men on sensation seeking and the differences were large, but only the difference at
Time 2 was significant. Furthermore, the exploratory analyses at Time 1 showed that boys and
men with CAH scored lower than unaffected boys and men on the experience seeking subscale
and the difference was large. They also scored lower than unaffected boys and men on the other
three subscales at Time 1 and all but the boredom susceptibility subscale at Time 2, though these
differences were not significant, perhaps due to low power. This pattern is consistent with an
effect of cortisol or other chronic disease factors on sensation seeking.
Most importantly for the hypotheses, even if cortisol or chronic disease factors decreased
sensation seeking in individuals with CAH, girls and women with CAH still scored higher than
unaffected girls and women at Time 1. Perhaps the size of this difference was decreased due to
counteracting cortisol or other chronic disease factors. In a similar fashion, the masculinizing
effect of CAH on spatial ability has been shown to masked by neurological complications due to
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early salt-wasting episodes or disease factors among some girls and women with CAH
(Hampson & Rovet, 2015). It is clear that future studies, in addition to using larger samples to
increase power, should measure circulating cortisol levels to rule out an activational effect on
sensation seeking.
Similarly, it is possible that circulating cortisol levels contributed to the BART scores.
There is evidence for an inverse relationship between basal levels of cortisol and risk-taking
(Holi, Auvinen-Lintunen, Lindberg, Tani, & Virkkunen, 2006; Mehta, Welker, Zilioli, & Carre,
2015; Moss, Vanyukov, & Martin, 1995; Oosterlaan, Geurts, Knol, & Sergeant, 2005; Shirtcliff,
Granger, Booth, & Johnson, 2005; van Honk, Schutter, Hermans, & Putman, 2003; Virkkunen,
1985). In this case, if individuals with CAH have higher basal cortisol levels, they would score
lower on the BART than unaffected individuals. However, this is not borne out in the results.
Men with CAH scored higher than unaffected men, though the difference was not significant.
However, the very small sample (7 men total) does not allow any firm conclusions.
The second conceptual issue concerns the possibility of puberty being another
organizational period for the development of sex differences in risky behavior (Berenbaum &
Beltz, 2011; Steinberg, 2008). There is experimental evidence from rodents that the brain
continues to be organized by sex hormones up through puberty (Sisk & Zehr, 2005), but with
declining sensitivity following early development (Schulz et al., 2009). There is some suggestive
evidence in human beings for an organizational effect of pubertal hormones on risky behavior.
Individuals who go through puberty earlier show increased risky behavior beyond adolescence
compared to those who go through puberty later (Copeland et al., 2010; Graber, Seeley, BrooksGunn, & Lewinsohn, 2004; Johansson & Ritzén, 2005; Kaltiala-Heino, Koivisto, Marttunen, &
Fröjd, 2011; Richards & Oinonen, 2011). If there is indeed a timing-dependent, organizational
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effect of pubertal hormones on risky behavior, then it is possible that this study’s results are
confounded by variation in pubertal timing among participants. However, the modest evidence
for an organizational effect of pubertal hormones on risky behavior—in both rodents and human
beings—greatly tempers the credence of this possibility.
The third conceptual issue concerns the size of the sex difference in risky behavior over
time. There is evidence that the sex difference in the thrill and adventure seeking subscale of
sensation seeking has declined by more than a third in the past four decades, owing to a
reduction in men’s scores (Cross et al., 2013). There is also evidence that the size of the sex
difference in risk-taking declined by more than a third in the second half of the twentieth century
(Byrnes et al., 1999), and this has been attributed to increases in women’s agency (Wood &
Eagly, 2012). It has been suggested that these narrowing sex differences might indicate a more
influential role for socialization versus sex-related biology in the development of sex differences
in risky behavior (Steinberg, 2008). However, this seems less likely to be the case for sensation
seeking, given that the size of the sex differences in DIS, BS, and total sensation seeking have
remained stable and that the changes in TAS could be the result of specific questions on the
subscale becoming outdated (Cross et al., 2013). Furthermore, the relative strength of
socialization effects does not rule out an effect of sex-related biology. Both sex-related biology
and gendered socialization contribute to sex differences in risky behavior, and future work
should investigate how they interact across development (Berenbaum, Blakemore, & Beltz,
2011).
In conclusion, the results of this study do not allow firm conclusions about prenatal
androgen effects on sensation seeking or risk-taking, but they suggest that prenatal androgens
affect the thrill and adventure seeking component of sensation seeking. Studies with larger
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samples of individuals with CAH are needed to determine whether prenatal androgens affect the
other sensation seeking subscales or risk-taking on the BART. Future studies of prenatal
androgen effects on risk-taking should also employ multiple methods (e.g., natural experiments,
direct assays of prenatal androgens in typically-developing individuals). Because CAH is not a
perfect experiment, future studies should continue to compare boys and men with CAH to
unaffected boys and men as a control. Measurement of cortisol levels can help to distinguish
between other hormone abnormalities and chronic disease factors that may influence risky
behavior in addition to prenatal androgens.
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