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Prenatal androgen exposure alters girls’
responses to information indicating
gender-appropriate behaviour

Melissa Hines1, Vickie Pasterski1,2, Debra Spencer1, Sharon Neufeld1,
Praveetha Patalay1, Peter C. Hindmarsh3, Ieuan A. Hughes2

and Carlo L. Acerini2

1Department of Psychology, and 2Department of Paediatrics, Addenbrooke’s Hospital,
University of Cambridge, Cambridge, UK
3Institute of Child Health, University College London, London, UK

Individual variability in human gender-related behaviour is influenced

by many factors, including androgen exposure prenatally, as well as self-

socialization and socialization by others postnatally. Many studies have

looked at these types of influences in isolation, but little is known about

how they work together. Here, we report that girls exposed to high concen-

trations of androgens prenatally, because they have the genetic condition,

congenital adrenal hyperplasia, show changes in processes related to self-

socialization of gender-related behaviour. Specifically, they are less responsive

than other girls to information that particular objects are for girls and they

show reduced imitation of female models choosing particular objects. These

findings suggest that prenatal androgen exposure may influence subsequent

gender-related behaviours, including object (toy) choices, in part by changing

processes involved in the self-socialization of gendered behaviour, rather than

only by inducing permanent changes in the brain during early development.

In addition, the findings suggest that some of the behavioural effects of

prenatal androgen exposure might be subject to alteration by postnatal socia-

lization processes. The findings also suggest a previously unknown influence

of early androgen exposure on later processes involved in self-socialization

of gender-related behaviour, and thus expand understanding of the

developmental systems regulating human gender development.
1. Introduction
Although the behaviour of human males and females is largely similar [1], there

are some characteristics that differ on average for men and women or boys

and girls [2]. One area of robust gender difference involves children’s play

behaviour. For example, boys tend to prefer playing with toy vehicles and

weapons, whereas girls tend to prefer playing with dolls and tea sets. These

gender differences begin to emerge before the age of 2 years [3–7] and grow

larger as childhood progresses [8]. In children aged 3–11 years, the differences

are large (d . 0.8 [9,10]).

A number of factors, including some typically considered to be in the realm

of nature and some typically considered to be in the realm of nurture, have been

shown to influence the development of children’s gender-related play behav-

iour, including toy choices. For instance, prenatal androgen exposure, both in

normal and atypical ranges, has been related to male-typical toy, playmate

and activity preferences [11,12]. These human findings are consistent with

evidence from thousands of studies of non-human mammals, where androgen

exposure during critical periods of prenatal or neonatal development, has

been shown to influence later sex-typed behaviour, including juvenile play

behaviour and adult reproductive behaviours [13,14]. Androgens during
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modelling

experimental manipulation test phase outcome variable

child observes men and women 
consistently choosing one object 

from pairs of gender-neutral objects 
(e.g., four men choose a pen, four 

women choose a pencil)

child is shown the same 
object pairs and asked to 

choose which objects s/he 
prefers

number of object choices 
that match those objects 
chosen by models of the 

child’s own sex

gender-related information is learned implicitly by observing models.

labelling

experimental manipulation test phase outcome variable

child is taught that an object of one 
gender-neutral colour is ‘for boys’
and the same object in a different 
gender-neutral colour is ‘for girls’

(e.g., a green balloon is ‘for boys’, a 
silver balloon is ‘for girls’)

child is filmed playing with 
the objects that were 

labelled as ‘for boys’ and 
‘for girls’ or is asked 

which of these objects 
s/he prefers

child’s choice of objects in 
the colour deemed as for 
children of their own sex

gender-related information is learned explicitly when objects are labelled.

Figure 1. Modelling and labelling behaviours Q3.
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early development also have been found to alter brain struc-

ture in non-human mammals [13,15], and these changes in

brain structure are thought to underlie the androgen-related

behavioural changes. In other words, it is thought that andro-

gen induces brain changes during critical periods of prenatal

or neonatal development, and that these early brain changes

explain behavioural changes that are seen later in life.

In humans, however, social and cognitive factors also

influence gender-related behaviour. Gender-typical behav-

iour is encouraged by parents, peers and teachers [14,16,17]

and, as cognitive development progresses, children socialize

themselves with respect to gender-related behaviours [18].

In regard to gender-typed toys, parents, teachers and peers

all encourage gender-consistent toy choices more than they

encourage gender-atypical choices. Similarly, once children

understand that they are girls or boys, they tend to model,

or imitate, the object choices and other behaviours of individ-

uals of the same sex more than those of individuals of

the other sex [19–21]. They also respond to gender labels,

preferring objects, including toys and activities that have

been labelled as appropriate for their own sex over those that

have been labelled as appropriate for the other sex [22,23].

The effects of gender labels on children’s learning appear

to be larger than the effects of observing same-sex models

[22]. Both models and labels provide information as to

which behaviours, or object choices are gender-appropriate.

Labels, however, may be more effective than models, because

they provide explicit, unambiguous cues regarding gender-

appropriateness through their clear indication that something

is ‘for girls’ or ‘for boys’ (figure 1).

Theories of human gender development describe develop-

mental systems involving multiple causative factors working

together over time [2,24]. However, despite the evidence that

hormonal, social and cognitive mechanisms all influence

human gender development, there is almost no information on

how they work together. It is difficult to obtain this information
RSTB20150125—22/12/15—21:45–Copy Edited by: Not Mentioned
because the mechanisms typically covary. For instance, most

boys are exposed to high concentrations of androgens prena-

tally, and experience male-typical external socialization and

self-socialization of gender-related behaviour. The situation is

similarly consistent for most girls.

One exception is girls with the genetic condition, classic

congenital adrenal hyperplasia (CAH). CAH is characterized

by an enzymatic deficiency, typically in 21 hydroxylase, and

this deficiency results in a reduced ability to produce cortisol.

As a consequence, hormones in the cortisol pathway are

shunted into the androgen pathway, and adrenal androgens

are increased beginning prenatally [25–27]. This prenatal

androgen elevation leads to genital ambiguity at birth in

affected girls, followed by rapid diagnosis and treatment to

normalize hormones postnatally. Girls with CAH typically

are assigned and reared as girls, and their gender identity is

almost always female [28]. However, numerous studies have

found that girls with CAH show altered toy, playmate and

activity preferences [2]. For instance, compared to other girls,

they are less likely to play with toys typically chosen by girls

and more likely to play with toys typically chosen by boys

[9,10,29]. In addition, although most women with CAH have

a female gender identity, they are more likely than other

women to change to live as men, with about 1–2 in 100

doing so, compared to about 1 in tens of thousands in the gen-

eral population [2,28,30,31]. In addition, girls and women with

CAH report reduced satisfaction with the female gender role

compared with other females [32,33], and girls with CAH

have been found to have significantly reduced female-typical

gender identity [34]. Given this reduced satisfaction with

the female gender role and reduced female-typical gender

identity, girls with CAH might be expected to show reduced

self-socialization of gender-typical behaviour.

In contrast to girls with CAH, boys with CAH do not show

increased masculinization of toy, playmate or activity prefer-

ences [9,10,35]. Boys and men with CAH also do not show
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alterations in gender identity [33,34]. The absence of increased

male-typical behaviour in boys with CAH may occur because

androgen concentrations in boys with CAH are largely similar

to those of boys without CAH prenatally [25,26].

In summary, humans, like other mammals, show increased

male-typical behaviour following early androgen exposure.

In addition, as in the animal literature, the masculinizing effects

of prenatal androgen exposure on human behaviour are thought

to result from androgen-induced alteration of the fetal brain

[36,37]. However, human gender-related behaviour is also influ-

enced by cognitive mechanisms unique to humans—processes

of self-socialization related to cognitive understanding of

gender. In addition, prenatal androgen exposure appears to

influence human gender identity, as evidenced by findings

from females with CAH [28,30,33,34]. Here, we investigate

the possibility that prenatal androgen exposure influences

mechanisms involved in the self-socialization of gender-related

behaviour. To do so, we evaluate the responses of children with

and without CAH to labels indicating that certain gender-neu-

tral objects are ‘for girls’ or ‘for boys’, as well as to same-sex

models expressing consistent preferences for gender-neutral

objects. These procedures will test the hypothesis that girls

with CAH model the object choices of others of the same sex

less than do other children, and that they show reduced positive

responses to explicit information labelling objects as for children

of their own sex. Boys with and without CAH will also be com-

pared for control purposes. The two groups of boys are not

expected to differ, because, as detailed above, prior research

generally has not found men or boys with and without CAH

to differ in gender-related behaviour.
2. Material and methods
(a) Participants
Children aged 4–11 years (43 girls and 38 boys with CAH; 41

unaffected female and 31 unaffected male relatives) participated

in the study. Unaffected relatives were chosen as controls,

because they resemble the children with CAH in background

characteristics, including familial socio-economic status. All chil-

dren with CAH had the classic form of the disorder, which is

known to cause elevated adrenal androgen production beginning

prenatally. Most children with CAH (37 girls and 33 boys) had

the salt-wasting form of classic CAH. Only nine (six girls and

three boys) had the less severe, simple-virilizing form. All the

girls with CAH had been assigned and reared as girls, and

treated with hormones postnatally to normalize their cortisol

and androgen concentrations. Similarly, all the boys with CAH

had been assigned and reared as boys, and they were treated

with the same hormones as girls were to normalize postnatal

hormone concentrations.

Participants with CAH were recruited through pediatric

endocrinologists or through a CAH support group in the UK.

Ninety-four per cent of the sample was of White, European descent.

Maternal education varied from no secondary education (6%), to

some secondary education (54%), to undergraduate (27%) and

postgraduate (13%) degrees. Classic CAH is rare, occurring in

approximately 1 in 16 000 births [38]. We tested all the children

with this rare condition and their unaffected relatives whom we

were able to recruit to the study during our period of funding.

Data analyses began after all of the data had been collected.

(b) Procedure and materials
Each child completed a 2.5 h battery of assessments. Here we report

on the two measures of processes related to self-socialization of
RSTB20150125—22/12/15—21:45–Copy Edited by: Not Mentioned
gender-related behaviour that were included in the battery. Data

related to other types of outcomes are being reported separately.

(i) Self-socialization via gender labels
Responses to gender labels were assessed using a protocol mod-

elled on Masters et al.’s work [22]. Children were shown pictures

of four toys: a green balloon, a silver balloon, an orange xylophone

and a yellow xylophone, and told that balloons and xylophones of

one colour were ‘for girls’, whereas balloons and xylophones of the

other colour were ‘for boys’, with random assignment to one of two

conditions, counterbalanced for colour. Children were shown

pictures of the toys until they correctly labelled each of the toys of

each colour as ‘for girls’ or ‘for boys’ on three consecutive trials,

to be certain that they had learned the designated gender labels.

Subsequently, children were videotaped for 5 min in a playroom

containing the four toys and no other toys. The middle 3 min of the

videotapes were scored for the percentage of time spent contacting

each of the toys, providing a behavioural preference score. This scor-

ing was carried out by researchers who did not know which children

had CAH and which children did not. After the behavioural prefer-

ence test, children were asked to indicate verbally which of the two

balloons and which of the two xylophones they liked better, provid-

ing a verbal preference score. Finally, children were asked to indicate

which object in each pair was ‘for girls’ and which was ‘for boys’,

providing a measure of their memory for the gender labels. This

memory measure was obtained for control purposes, to determine

whether any other group differences might relate to memory,

rather than to the gender-related processes of self-socialization in

which we were interested.

(ii) Self-socialization via modelling
Responses to models of the same and of the other sex were assessed

using a protocol based on that of Perry & Bussey [19]. Children

viewed a video recording showing four adult male models and

four adult female models choosing one object from a pair of

gender-neutral objects (e.g. a toy cow or a toy horse; a pen or a

pencil). For each of 16 such pairs, all four models of each sex

chose one object, and all four models of the other sex chose

the other object. Professional actors, dressed using gender cues

(e.g. neck ties, hair bows) portrayed the models. Children were

randomly assigned to view one of two counterbalanced videos.

Subsequently, each child was asked which object from each of

the 16 pairs s/he preferred, providing a verbal preference score.

After indicating preferences for all object pairs, children were

asked to indicate whether they had seen men or women choosing

each object, providing a control measure of their memory for the

objects modelled by each sex. Learning 16 pairs of objects was dif-

ficult for some children, and these children completed half

the trials (an 8-trial protocol, N ¼ 34, nine girls with CAH, nine

control girls, nine boys with CAH and seven control boys). Analy-

sis using x2 indicated that children who completed the short, 8-trial

protocol were evenly distributed among the four target groups

(boys and girls with and without CAH), x2
ð3Þ ¼ 0:11, n.s. As

would be expected, children who completed the 8-trial protocol

were younger on average than those who completed the 16-trial

protocol, t142 ¼ 22.05, p , 0.05. Scoring and other procedures

for the short protocol were the same as for the longer protocol.

There were no protocol-related differences in preference scores or

memory scores, t148 ¼ 0.90, p ¼ 0.343 or t148 ¼ 20.94, p ¼ 0.350,

respectively. Data from the two protocols, in the form of

percentage scores, were combined for analyses.
3. Results
There were no group differences in age (table 1), and age

showed a statistically significant correlation with only one out-

come variable—memory in the modelling protocol r148 ¼ 0.23,



Table 1. Age in girls and boys with and without CAH.

girls boys

CAH control CAH control

N 5 43 N 5 41 N 5 38 N 5 31

age (years)a

M 7.13 7.59 7.15 7.81

s.d. 2.28 2.51 2.04 2.36

range 4.01 – 11.90 4.00 – 11.86 4.06 – 11.34 4.17 – 11.93
aThere were no significant group differences in age.
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p ¼ 0.005. Data were analysed using two-way (Sex� CAH

status) ANOVAs, with the exception of memory in the modelling

protocol, where ANCOVA, with age as the covariate, was used,

because of the correlation with age. We also conducted planned

comparisons of girls with and without CAH, because these were

the two groups hypothesized to differ. Boys with and without

CAH were also compared for control purposes. The comparison

of boys with and without CAH provided some control for the

effects of the CAH condition other than elevated androgens,

since other CAH-related effects, such as reduced cortisol prena-

tally and glucocorticoid treatment postnatally, would be

expected to influence both boys and girls with CAH. Finally,

we used within-sample t-tests to see if children in each of the

four groups chose objects that had been labelled as for individ-

uals of their sex, or that had been modelled by individuals of

their sex, at levels above chance. We hypothesized that all

children, except for girls with CAH, would do so.
(a) Group-wise comparisons for self-socialization based
on gender labels

Table 2 shows means, confidence intervals and effect sizes

for verbal preferences and observed play preferences in the label-

ling protocol for each of the four groups of children. The analysis

of verbal preferences for objects labelled as gender-appropriate

showed significant main effects of sex: F1,142 ¼ 4.59, p¼ 0.034,

and CAH status: F1,142 ¼ 5.52, p¼ 0.020, and a significant

interaction: F1,142 ¼ 6.21, p¼ 0.014. In addition, girls with CAH

showed reduced verbal preferences for objects labelled as

for girls compared with control girls, t79¼ 23.44, p¼ 0.001,

d¼ 0.76, whereas boys with and without CAH did not differ.

The analysis of observed behavioural preferences for objects

labelled as gender-appropriate showed no significant main

effects of sex, or CAH status, but there was a significant inter-

action: F1,137¼ 5.48, p¼ 0.021. In addition, girls with CAH

showed reduced behavioural preferences for objects labelled as

for girls compared with control girls: t79¼ 23.44, p¼ 0.028,

d¼ 0.54; whereas boys with and without CAH did not differ.

The analysis of memoryscores showed no significant main effects

and no significant interaction. Also, no groups, including girls

with and without CAH, differed significantly in memory scores.
(b) Group-wise comparisons for self-socialization
through imitation of same-sex models

Table 3 shows means, confidence intervals and effect sizes

for verbal preferences in the modelling protocol for each of
RSTB20150125—22/12/15—21:45–Copy Edited by: Not Mentioned
the four groups of children. The analysis of verbal preferences

revealed no significant main effects and no significant

interaction. However, girls with CAH showed reduced prefer-

ence for objects that had been modelled by individuals of

the same-sex compared with control girls at p , 0.10,

t80 ¼ 21.78, p ¼ 0.079, d ¼ 0.41, whereas boys with and with-

out CAH did not differ. The ANCOVA for memory scores with

age as the covariate showed neither main effects nor an inter-

action. Also, no groups, including girls with and without

CAH, differed significantly in memory scores.
(c) Within-sample t-tests
In addition to group-wise comparisons, we conducted within-

sample t-tests to see if children in the four groups showed

preferences for sex-appropriate objects at levels above

chance. Table 4 shows p-values, confidence intervals, and

effects sizes for outcomes for both the labelling and modelling

protocols. Girls with CAH scored above chance for memory on

both protocols, p , 0.001 for each, d ¼ 2.25 and 3.19, respect-

ively. However, they did not score above chance for any of

the measures assessing responses to labels and models.

Specifically, they did not report verbal preferences for objects

that had been labelled as for girls in the labelling protocol

or for objects modelled by females in the modelling proto-

col in significantly more than 50% of trials ( p ¼ 0.146 and

0.785, d ¼ 20.46 and 0.09, respectively). They also did not

spend significantly more than 50% time playing with

the objects labelled as for girls in the labelling protocol ( p ¼
0.776, d ¼ 0.09). By contrast, children in each of the other

three groups scored above chance on all measures from both

the modelling and labelling protocols with effect sizes for

verbal and observed behavioural preferences ranging from

d ¼ 0.79 to 1.25.

Finally, we computed composite scores for preferences

and for memory for same-sex objects by averaging percen-

tage scores (figure 2). The preferences composite included

percentage preference scores for verbal responses for both

the modelling and the labelling tasks as well as observed

play for the labelling task. The memory composite included

percentage memory scores for both the modelling and the

labelling tasks. ANOVA for the preferences composite

showed main effects of sex: F1,147 ¼ 5.11, p ¼ 0.025, and

CAH status: F1,147 ¼ 6.22, p ¼ 0.014, as well as a sex � CAH

status interaction: F1,147 ¼ 7.32, p ¼ 0.008. Girls with CAH

showed reduced preferences for objects modelled by

women or labelled as for girls compared with control girls,

t82 ¼ 23.82, p , 0.001, d ¼ 20.82. They also responded less
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to the same gender models and gender-appropriate labels

when compared with control boys: t71 ¼ 23.27, p ¼ 0.002,

d ¼ 20.75, and boys with CAH: t78 ¼ 23.68, p ¼ 0.001,

d ¼ 20.78. There were no other group differences. ANCOVA,

with age as the covariate, for the memory composite showed

a main effect of age only, F1,146 ¼ 6.40, p ¼ 0.012; r150 ¼ 0.21,

p ¼ 0.009, with memory scores increasing with age. There

were no other main effects, nor was there an interaction, for

the memory variable.
.org
Phil.Trans.R.Soc.B

20150125
4. Discussion
We found that girls with CAH showed reduced positive

responses to information indicating that particular toy or

object choices were appropriate for girls. This finding was

seen using two different protocols, a labelling protocol and

a modelling protocol, and, for the labelling protocol, using

verbal report as well as behavioural observation. The results

did not reflect impaired memory for the information as to

what was appropriate for girls, because memory scores for

girls with CAH were significantly above chance, and girls

with CAH did not differ in memory scores from children in

any other group. At the same time, however, and unlike

other children, they did not score significantly above chance

for interest in objects that had been labelled as being for their

own sex (labelling protocol), or in objects that had been

chosen by individuals of their own sex (modelling protocol).

Consistent with prior research with typically developing

children [22], the labelling protocol appeared to produce

more marked effects than the modelling protocol. Our findings

also resemble results for most other gender-related behavioural

outcomes in girls with CAH [10,34,35,37,39,40], in that the

responses of the girls with CAH to the models and labels

were in between those of unaffected girls and unaffected boys.

These results augment understanding of the mechanisms by

which prenatal androgen exposure influences human gender

development. As detailed in Introduction, prior research has

shown that children’s gender-typed toy preferences relate

to prenatal androgen exposure, and that gender-related

models and labels also contribute to these toy preferences.

Our findings, that girls exposed to elevated concentrations of

androgens prenatally are less susceptible than are other children

to the influences of same-sexed models and of gender labels,

suggest that these processes are not independent. Instead,

early androgen exposure appears to influence later processes

of self-socialization.

Our results thus suggest that cognitive processes related to

gender identity play a role in the influences of prenatal andro-

gen exposure on later behaviour. Assumedly, however, the

effects of prenatal androgen exposure are initiated during

fetal development, and include neural changes that begin prena-

tally. The precise nature of these neural changes is currently

unknown. One possibility is that they involve neural systems

related to children’s object (e.g. toy) preferences. Gender differ-

ences in object preferences emerge in infancy, before the age of

2 years [3,5–7], and gender identity usually begins to be mea-

surable somewhat later, beginning at 2–3 years of age [41,42].

Thus, girls with CAH might show altered object preferences

early in life, and then, as they grow older and gain a cognitive

understanding of gender and gender-related behaviour, these

altered object preferences might in turn alter their responses to

models of the same sex and to labels indicating that certain



Table 4. Statistics for one-sample t-tests for performance above chance (50%).

girls boys

CAH control CAH control

N 5 39 – 42 N 5 37 – 40 N 5 35 – 37 N 5 29

labelling verbal preferencea

p-value 0.146 0.002 0.001 0.010

effect size d 20.46 1.09 1.23 1.05

mean difference 20.083 0.192 0.181 0.172

95% CI for mean difference

upper 20.200 0.077 0.080 0.045

lower 0.030 0.308 0.281 0.300

labelling observed playb

p-value 0.776 0.002 0.001 0.047

effect size d 0.09 1.13 1.25 0.79

mean difference 0.014 0.178 0.187 0.108

95% CI for mean difference

upper 20.088 Q40.071 0.085 0.001

lower 0.117 0.284 0.290 0.214

labelling memoryc

p-value 0.000 0.000 0.000 0.000

effect size d 2.25 3.87 2.39 1.99

mean difference 0.327 0.395 0.343 0.302

95% CI for mean difference

upper 0.236 0.327 0.243 0.184

lower 0.419 0.463 0.443 0.419

modelling verbal preferencea

p-value 0.785 0.012 0.011 0.003

effect size d 0.09 0.85 0.90 1.23

mean difference 0.009 0.095 0.084 0.132

95% CI for mean difference

upper 20.057 0.022 0.021 0.049

lower 0.075 0.168 0.148 0.215

modelling memoryc

p-value 0.000 0.000 0.000 0.000

effect size d 3.19 5.39 2.90 5.89

mean difference 0.361 0.423 0.372 0.444

95% CI for mean difference

upper 0.290 0.373 0.285 0.386

lower 0.433 0.474 0.458 0.502
aScores are per cent preferred objects that were labelled as for child’s gender, or modelled by same-sex adults.
bScores are per cent time spent in contact with objects labelled as for child’s gender.
cScores are per cent correct for memory of which gender model preferred each object (modelling protocol), or for which gender label was given to the object
(labelling protocol).
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objects or activities are for girls. Alternatively, the reduced

female-typical gender identity found in girls with CAH [34]

might decrease their responses to same-sex models and to

gender-related labels. These alterations in processes related

to the self-socialization of gendered behaviour could lead to
RSTB20150125—22/12/15—21:45–Copy Edited by: Not Mentioned
further reductions in female-typical behaviour. Future research,

beginning early in development, might usefully evaluate

these possibilities.

The results of the present study suggest a previously unex-

plored mechanism by which early androgen exposure might
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Figure 2. Composite scores for preferences and memory for gender-
appropriate objects assessed using labelling and modelling paradigms. The
preference composite includes verbal preferences (labelling and modelling)
as well as observed play (labelling). The memory composite includes
memory scores from the labelling and modelling paradigms. All scores are
mean per cent. **p , 0.01, girls with CAH differ compared to control
girls, control boys and boys with CAH. There were no other group differences
for preference scores, and there were no group differences for memory scores.
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influence the development of gender-related behaviour in girls

with CAH—by reducing self-socialization of gender-related

behaviour. Identification of this mechanism has potentially

important implications for the interpretation of behavioural

changes related to early androgen exposure. For instance,

women with CAH have been found to show increased interest

in male-typical occupations [37,43,44], and these results are

thought to reflect influences of androgen on fetal brain

organization. Our findings suggest that these results, and per-

haps other behavioural outcomes related to early androgen

exposure, could also result in part from alterations in processes

involved in self-socialization of gender-typical behaviour,

processes that occur postnatally and may be susceptible to

social influence. Thus, there may be more plasticity of outcome

following early androgen exposure than has been previously

thought.

(a) Limitations
We did not manipulate androgens prenatally nor did we

assign children at random to receive androgen or placebo

treatment. Such rigorous experimental procedures would

not be ethical. Reliance on information from a clinical con-

dition could raise concerns about the generalizability of our

findings or about interpreting the findings as being caused

by prenatal androgen exposure. We used two procedures to

try to mitigate these concerns. First, we compared children

with CAH to their unaffected relatives, so that socio-

economic status and other familial factors were relatively

similar in the two groups. Second, we studied boys with

CAH as well as girls with CAH. Boys with CAH have not

been found to be more male-typical in their behaviour com-

pared with boys without CAH [2,11,34], perhaps because

their androgen concentrations are largely similar to those of

boys without CAH prenatally [25,26]. Our observation of

differences in girls with CAH, but not boys with CAH,

increases the likelihood that the effects were caused by
RSTB20150125—22/12/15—21:45–Copy Edited by: Not Mentioned
elevated androgens, rather than other aspects of the CAH

condition, such as cortisol abnormality. Only girls with CAH

are exposed to abnormally elevated androgens prenatally,

whereas both girls and boys with CAH experience other

aspects of the condition, such as cortisol abnormality. So, if cor-

tisol abnormality, or other aspects of CAH that are shared by

boys and girls, were responsible for group differences, both

boys and girls with CAH would be expected to differ from con-

trols. Of course, the use of relative controls and the inclusion of

boys with and without CAH do not fully compensate for the

disadvantages of clinical, rather than experimental, research.

It is unlikely that it will ever be ethical to conduct rigorous

experiments involving androgen manipulations in developing

humans, but evidence from other types of studies could

increase confidence that the observed effects resulted from

prenatal androgen exposure. For instance, it would be useful

to know if other conditions causing unusual androgen

exposure early in life also influence children’s responses to

information indicating the gender-appropriateness of behav-

iour. Similarly, studies relating normal variability in androgen

during early development to later responses to gender cues

would be of interest, as would studies of these processes in chil-

dren who show cross gendered behaviour, but have no history

of early androgen abnormality.

In summary, girls with CAH are exposed to high concen-

trations of androgens prenatally, and prior research has

shown that they differ from typically developing girls in their

gender-typical toy preferences, as well as in some other

gender-related behaviours. Our results suggest that processes

involved in self-socialization of gender-related behaviour also

are altered in girls with CAH. Thus, the influences of prenatal

androgen exposure on behaviour across the lifespan may reflect

in part the cascading effects of alterations in processes related to

the self-socialization of gendered behaviour, as well as neural

changes induced by androgen prenatally. Additional studies

of other patient groups and of typically developing children

could provide convergent evidence that the observed effects

are the result of early androgen exposure, rather than other

aspects of the CAH condition. Also, further studies of girls

with CAH, particularly beginning early in life, might provide

additional information on how different types of factors work

together to influence gender development, and thus further

increase understanding of the developmental systems involved

in human gender development.
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