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Abstract

Some human behaviors, including aggression and activity level, differ on average for males and 

females. Here we report findings from two studies investigating possible relations between 

prenatal androgen and children’s aggression and activity level. For study 1, aggression and activity 

level scores for 43 girls and 38 boys, aged 4 to 11 years, with congenital adrenal hyperplasia 

(CAH, a genetic condition causing increased adrenal androgen production beginning prenatally) 

were compared to those of similarly-aged, unaffected relatives (41 girls, 31 boys). Girls with CAH 

scored higher on aggression than unaffected girls, d = 0.69, and unaffected boys scored higher on 

activity level than unaffected girls, d = 0.50. No other group differences were significant. For 

study 2, the relationship of amniotic fluid testosterone to aggression and activity level was 

investigated in typically-developing children (48 girls, 44 boys), aged 3 to 5 years. Boys scored 

higher than girls on aggression, d = 0.41, and activity level, d = 0.50. However, amniotic fluid 

testosterone was not a significant predictor of aggression or activity level for either sex. The 

results of the two studies provide some support for an influence of prenatal androgen exposure on 

children’s aggressive behavior, but not activity level. The within-sex variation in amniotic fluid 
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testosterone may not be sufficient to allow reliable assessment of relations to aggression or activity 

level.
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Introduction

Meta-analytic findings suggest that boys are more aggressive and more active than girls, 

with Cohen’s d values of 0.58 and 0.49, respectively (Eaton & Enns, 1986; Hyde, 1984). In 

humans, aggression is defined as behavior, typically directed toward another individual, that 

is carried out with the intent of causing harm (Bushman & Anderson, 2001) and activity 

level is defined as the typical level of energy that an individual expends through movement 

(Eaton & Enns, 1986). There is general agreement that gender differences in human 

behavior result from a combination of genetic, early hormonal and socio-cultural influences 

(Hines, 2015; Leaper, 2013). The current investigation examines the relation of the gonadal 

steroid, testosterone, prenatally to later aggression and activity level in children.

Prior research with nonhuman animals shows that exposure to the androgenic hormone, 

testosterone, during critical periods of prenatal or neonatal development exerts enduring 

influences on many behaviors that show sex differences (Arnold, 2009). These effects occur 

as part of general processes of sexual differentiation. The testes of male animals produce 

androgens, including testosterone, beginning prenatally, and these hormones act through 

steroid receptors to produce male-typical development of the external genitalia. Similar 

steroid receptors are present in certain brain regions, and these regions also are masculinized 

by androgen exposure during early life. These early effects of androgens on brain 

organization are thought to contribute to sex-related behaviors across the lifespan (Arnold, 

2009; McCarthy, DeVries, & Forger, 2009), and experimental manipulations of testosterone 

during early development have been found to influence reproductive behaviors, as well as 

juvenile play behavior, aggression, and activity level in rodents (Hines, 2004, 2011a, 2011b; 

McCarthy et al., 2009).

Regarding aggression, male rodents typically show more aggression than female rodents, 

and treatment with testosterone early in life increases aggression in adulthood (Beatty, 1979; 

Hines, 2004; vom Saal, 1989). Similarly, early exposure to testosterone influences activity 

level in rodents (Beatty, 1979; Lightfoot, 2008; vom Saal, 1989). In humans, males are more 

active than females. In most other mammals, including rodents, however, females are more 

active than males. In keeping with the direction of this sex difference, early exposure to 

testosterone in female rodents reduces rather than increases activity level – that is, makes it 

more male typical (Broida & Svare, 1984; vom Saal, 1989).

The available evidence suggests that testosterone concentrations during early life also 

influence the development of some human behaviors that differ on average for males and 

females (Hines, 2011a). Male and female fetuses are exposed to androgens, including 
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testosterone, that are produced primarily by the gonads, but also by the adrenal glands, the 

placenta and the maternal system (Braunstein, 2003; Fisher, 2003; Stewart, 2003). 

Testosterone levels are higher in human male than in human female fetuses from around 

week 8 to around week 24 of gestation (Smail, Reyes, Winter, & Faiman, 1981). Because the 

invasive experimental procedures used to study hormonal influences in nonhuman animals 

cannot be applied to humans, alternative methods have been used to assess prenatal hormone 

influences on human development. One such method is to study naturally occurring 

situations, such as endocrine disorders, in which hormones are altered. Using this approach, 

individuals who have been exposed to unusual levels of androgens prenatally, e.g., because 

of genetic disorders, are compared to individuals who have not been similarly exposed (e.g., 

unaffected relatives or matched controls). The most frequently studied endocrine disorder, in 

this context, is congenital adrenal hyperplasia (CAH), an autosomal recessive disorder that 

causes an enzymatic deficiency and results in overproduction of adrenal androgens 

beginning prenatally (White & Speiser, 2000). The most common form of the disorder, 

classic CAH, occurs in approximately 1 in 5,000 to 1 in 15,000 births in most populations 

(New, 1998) and typically involves deficiency in the enzyme 21-hydroxylase (21-OH). The 

deficiency causes reduced cortisol production and, as a consequence, overproduction of 

adrenal androgens beginning at around the seventh week of gestation. Because of this 

prenatal exposure to elevated adrenal androgens, girls with CAH – whose androgen levels at 

mid-pregnancy are similar to those seen in typically-developing boys – are often born with 

ambiguous (virilized) external genitalia, involving various degrees of labial fusion and 

clitoral enlargement. Typically, this genital ambiguity leads to diagnosis soon after birth and 

sex assignment as female, sometimes with surgical feminization of the external genitalia 

(Speiser et al., 2010). In contrast, androgen concentrations prenatally in boys with CAH 

appear to be largely within the normal male range and boys with CAH are born with male-

typical external genitalia (Speiser et al., 2010).

Although most studies have found that gender-related behaviors in boys with CAH are not 

altered (for reviews see Cohen-Kettenis, 2010; Hines, 2015), females with CAH show 

increases in some male-typical behaviors from an early age. For example, girls with CAH 

are more likely than unaffected girls to prefer boys as playmates (Hines & Kaufman, 1994) 

and to prefer boys’ toys (e.g., vehicles versus dolls; Berenbaum & Hines, 1992) and 

activities (e.g., rough-and-tumble play; Pasterski et al., 2011). These outcomes of increased 

male-typical play have been reported both in comparison to matched controls and to 

unaffected female relatives of children with CAH, and in studies using questionnaires, 

interviews and behavioral observation (Hines, 2011b, 2015). Females with CAH also have 

been found to show reduced female gender identity (Pasterski et al., 2015; however, see 

Meyer-Bahlburg et al., 2004) and reduced heterosexual interests (Frisén et al., 2009; Hines, 

Brook, & Conway, 2004; Meyer-Bahlburg, Dolezal, Baker, & New, 2008).

Females with CAH also have been found to be more aggressive than unaffected female 

controls. For example, Berenbaum and Resnick (1997) studied aggression in 49 females and 

41 males with CAH, ranging in age from approximately 3 to 35 years, and in their 

unaffected, similarly-aged relatives (28 females, 48 males). Data were analyzed separately 

for adult, adolescent and preadolescent participants. In all three samples, females with CAH 

scored higher on aggression than unaffected females, although the difference was not 
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statistically significant in the preadolescent sample. Similarly, Pasterski et al. (2007) 

compared 3- to 11-year-old children with CAH (38 girls, 29 boys) to their unaffected 

siblings (25 girls, 21 boys), and found that girls with CAH were rated by their mothers as 

being more aggressive than unaffected girls. Finally, Mathews, Fane, Conway, Brook, and 

Hines (2009) studied recalled aggressive behavior at age 12 to 13 years in individuals with 

CAH (40 females, 29 males), aged 12 to 45 years, and their unaffected, similarly-aged 

relatives (29 females, 30 males), and found that females with CAH reported greater physical 

aggression than unaffected females.

Studies of activity level in children with CAH have generally found that girls with CAH 

show higher levels of activity than unaffected girls. For example, Ehrhardt, Epstein, and 

Money (1968) assessed physical energy expenditure in 15 girls with CAH, aged between 5 

and 16 years, and 15 matched controls. Eleven of the girls with CAH were reported (by 

mothers or the children themselves) to engage in intense outdoor activities compared to only 

five of the matched controls. Similarly, Ehrhardt and Baker (1974) compared 17 girls and 

young women with CAH, aged 4 to 19 years, to 11 unaffected female siblings, aged 6 to 24 

years. More females with CAH than unaffected females were described by their mothers as 

having a high level of intense physical energy expenditure. Finally, Pasterski et al. (2007) 

compared 3- to 11-year-old children with CAH (38 girls, 29 boys) to unaffected relatives of 

similar age (25 girls, 21 boys), and found that girls with CAH were rated by their mothers as 

being more active than unaffected girls.

Another approach to assessing influences of prenatal testosterone exposure on human 

behavior has involved measuring testosterone concentrations in typically-developing 

individuals. For example, testosterone concentrations have been measured in amniotic fluid 

obtained during clinical amniocentesis (Cohen-Bendahan, van de Beek, & Berenbaum, 

2005; Constantinescu & Hines, 2012). Testosterone enters the amniotic fluid via diffusion 

through the fetal skin during early gestation and, from mid-gestation onwards, through fetal 

urination and lung fluid secretion (Brace, 1997; Robinson, Judd, Young, Jones, & Yen, 

1977). The timing of amniocentesis, which is typically performed during the second 

trimester of pregnancy, coincides with the period during gestation when the sex difference in 

fetal testosterone exposure is large, between 8 and 24 weeks’ gestation (Smail et al., 1981). 

Thus, amniocentesis may provide a means for accessing a key developmental period during 

which testosterone influences human sexual differentiation.

Researchers have reported significant relations between concentrations of testosterone 

measured in amniotic fluid and some behaviors that differ on average for males and females, 

including empathy (Chapman et al., 2006) and traits related to autism (Auyeung, Baron-

Cohen, Ashwin, Knickmeyer, Taylor, & Hackett, 2009; Auyeung et al., 2006; but, see Kung 

et al., 2016). There have been no studies to date, however, relating amniotic fluid 

testosterone to either aggression or activity level.

We conducted two studies to investigate the hypothesis that prenatal androgen exposure, in 

both the typical and atypical range, predicts increased aggression and activity. In the first 

study (the “CAH study”), we assessed aggression and activity level in children exposed to 

unusually high concentrations of adrenal androgens prenatally because of CAH and in their 
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unaffected relatives, but using a larger sample than has been used in most prior studies. In 

the second study (the “amniotic testosterone study”), we assessed aggression and activity 

level in typically-developing children for whom testosterone had been measured in amniotic 

fluid. We evaluated three specific hypotheses: (1) typically-developing boys show higher 

levels of aggression and activity than typically-developing girls; (2) girls with CAH show 

higher levels of aggression and activity than girls without CAH; and (3) concentrations of 

amniotic fluid testosterone relate positively to aggression and activity level in boys and in 

girls.

Material and methods

Participants for the CAH study were 81 children with CAH (43 girls, 38 boys) and 72 

unaffected relatives (41 girls, 31 boys) aged 4.00 to 11.93 years (M = 7.40 years, SD = 

2.31). Participants for the amniotic testosterone study were 92 typically-developing children 

(48 girls, 44 boys) aged 3.81 to 5.22 years (M = 4.27 years, SD = 0.33). The research was 

undertaken with the understanding and written consent of parents; the written consent or 

assent of children, as age appropriate; the approval of the appropriate local research ethics 

committees; and in compliance with national legislation. Detailed information regarding the 

ethics procedures and sample recruitment and characteristics for the two studies has been 

published elsewhere (Browne et al., 2015; Hines et al., 2016; Kung et al., 2016; Pasterski et 

al., 2015). Assessment procedures for both studies were two-and-a-half to three hours in 

length and included a range of measures assessing children’s gender-related cognitive and 

motor abilities, characteristics and behaviors. In this paper we report on aggression and 

activity level. Other outcomes have been (Browne et al., 2015; Hines et al., 2016; Kung et 

al., 2016; Pasterski et al., 2015), or will be, reported separately.

Measures

Amniotic fluid testosterone—Participants in the amniotic testosterone study were 

recruited through Imperial College Healthcare NHS Trust in London, England. The sample 

was comprised of typically-developing children, born between June 2002 and June 2005, for 

whom measures of testosterone in amniotic fluid had been obtained. The reason for the 

amniocentesis was typically increased risk of trisomy 21 as indicated by maternal age or a 

serum screen result. All of the children were from healthy pregnancies and were identified as 

healthy at birth. Mothers were on average 37 years of age (ranging from 28 to 46 years) 

when their child was born. Amniotic fluid samples were obtained between gestational weeks 

15 and 25 (M = 16.93 weeks, SD = 2.01). Boys and girls did not differ significantly in 

gestational age at amniocentesis, t(90) = 0.40, p = .69, or maternal age at birth, t(90) = 0.14, 

p =.99. All amniotic fluid samples were taken in the morning between 9:30am and 12:30pm. 

An aliquot of up to 4 ml of amniotic fluid surplus to clinical requirement was drawn for the 

study and stored at −80°C until assay. Total testosterone was measured in amniotic fluid by 

radioimmunoassay after prior extraction by diethylether to minimize cross-reactivity, using 

the ‘Coat-A-Count’ method (Coat-A-Count, DPC, Los Angeles, CA). As reported in 

Bergman, Glover, Sarkar, Abbott, and O’Connor (2010), the assay has high specificity for 

testosterone. Intra- and inter-assay coefficients of variation of our assay procedures were 

7.5% and 8.9%, respectively.
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Following others (e.g., Auyeung, Baron-Cohen, Ashwin, Knickmeyer, Taylor, & Hackett, 

2009; Kung et al., 2016), we corrected for positive skewness in the distribution of values for 

amniotic fluid testosterone by adding one to each value and then calculating its log. This 

transformation removed the skewness both for the sample as a whole and separately for boys 

and girls. Unless otherwise stated, the analyses reported here are based on the transformed 

values.

Aggression and activity level—Aggression and activity level were measured using the 

Interests, Activities & Temperament Questionnaire – II (IATQ-II). The IATQ-II is a revision 

of Zucker & Bradley’s (1995) 17-item Activity Level/Extraversion Questionnaire, which 

was used in a prior study of aggression and activity level in children with CAH (Pasterski et 

al., 2007). For the IATQ-II, we increased the number of items, both to increase the potential 

variance in and the reliability of the measure and to reduce response bias by presenting the 

constructs in varied ways. The IATQ-II includes 50 items for which a caregiver indicates on 

a 4-point scale (1 = “not at all like my child” to 4 = “a lot like my child”) how similar their 

child’s behavior is to the behavior described in the item (see Appendix).

Because the IATQ-II was used for the first time in the two studies presented here, we used 

exploratory factor analysis (EFA) to identify underlying factors. Although EFA can be used 

to explore and describe a dataset, it is not appropriate to extrapolate the findings obtained 

from one sample to another sample or to the wider population (Costello & Osborne, 2005). 

Given this, separate EFAs were conducted for each of the two samples (see Appendix). For 

both samples, the items that clustered on the extracted factors suggested that the first factor 

represented aggression and the second represented activity level. Cronbach’s α values for 

the aggression items were α = .95 for the CAH study and α = .93 for the amniotic 

testosterone study, indicating good internal consistency. Cronbach’s α values for the activity 

level items were α = .84 for the CAH study and α = .82 for the amniotic testosterone study, 

again indicating good internal consistency.

For both studies, the IATQ-II was completed by a parent, usually the mother. Four fathers 

completed the IATQ-II for the children in the CAH study and six fathers completed the 

measure for the children in the amniotic testosterone study.

Control measures—The child’s age at testing was assessed as a control variable. It was 

expected that this variable would be most relevant in the CAH study, given the wider age 

range of the children, compared with the more uniformly-aged children in the amniotic 

testosterone study. The Vocabulary subtest of the Wechsler Intelligence Scale for Children 

(Wechsler, 2003) or the Wechsler Preschool and Primary Scale of Intelligence (Wechsler, 

1967/2002) was used, as age appropriate, to provide estimates of general intelligence. Age-

scaled Vocabulary subtest scores were included in the analyses, as appropriate, and were 

available for all of the children in the CAH study and all but three boys and one girl in the 

amniotic testosterone study.
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Results for the CAH study

The four groups did not differ in age, F(3, 149) = 0.74, p = .53, η2 = .015, or vocabulary 

scores, F(3, 149) = 1.11, p = .35, η2 = .022. Aggression and activity level scores related to 

child age: r = −.23, p < .01 for aggression and r = −.36, p < .001 for activity level. In 

addition, vocabulary scores related to activity level scores, r = .22, p = .01, but not to 

aggression scores, r = −.05, p = .52. We therefore entered age as a covariate in all subsequent 

analyses and vocabulary as a covariate in subsequent analyses involving activity level scores. 

Two-way (sex x CAH status) ANCOVA was performed for each of the two dependent 

variables, aggression and activity level. Additional, one-way ANCOVAs were used to follow 

up these analyses and to test specific hypotheses. Effect sizes were calculated and used in 

conjunction with p values to assess the results. All analyses were two tailed, with α set at .

05.

For aggression, a 2 (sex) × 2 (CAH status) ANCOVA, with age covaried, revealed a 

significant main effect of age, F(1, 148) = 6.81, p = .01, partial η2 = .044, and a significant 

main effect of CAH status, F(1, 148) = 11.13, p < .001, partial η2 = .070; children with CAH 

scored higher on aggression than unaffected children, d = 0.54. There were no other 

significant main or interaction effects. We used one-way ANCOVAs, with age covaried, to 

investigate our specific hypotheses (Table 1). Scores for unaffected boys did not differ from 

those of unaffected girls, F(1, 69) = 0.30, p = .58, partial η2 = .004, or from those of boys 

with CAH, F(1, 66) = 2.60, p = .11, partial η2 = .038. However, girls with CAH scored 

higher on aggression than unaffected girls, F(1, 81) = 10.15, p = .002, partial η2 = .111.

For activity level, a 2 (sex) x 2 (CAH status) ANCOVA, with age and vocabulary covaried, 

revealed a main effect of age, F(1, 147) = 15.81, p < 001, partial η2 = .097. There were no 

other significant main or interaction effects. We used one-way ANCOVAs, with age and 

vocabulary covaried, to investigate our specific hypotheses (Table 1). Unaffected boys 

scored higher on activity level than unaffected girls, F(1, 68) = 3.91, p = .05, partial η2 = .

054. Scores for girls with and without CAH did not differ, F(1, 80) = 1.88, p = .17, partial η2 

= .023, nor did scores for boys with and without CAH, F(1, 65) = 1.33, p = .25, partial η2 = .

020.

Results for the amniotic testosterone study

Because concentrations of fetal testosterone vary across gestation, preliminary analyses were 

conducted to determine if concentrations of amniotic fluid testosterone related to gestational 

age at amniocentesis, as calculated from medical records indicating the date of the mother’s 

last menstrual period. This relation was not statistically significant for boys, r = −.18, p = .

24, or for girls, r = −.19, p = .19 (Figure 1a). The children in this sample were all relatively 

close in age (Table 2) and, perhaps as a consequence, aggression and activity level scores did 

not vary with age: r = .07, p = .51, for aggression and r = .00, p = .98, for activity level. 

Aggression and activity level scores also did not vary significantly with children’s 

vocabulary scores: r = .11, p = .33, for aggression and r = .10, p = .36, for activity level. Data 

were analyzed using Pearson correlations and independent-samples t tests. Effect sizes were 
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calculated and used in conjunction with p values to assess the results. All analyses were two 

tailed, with α set at .05.

Concentrations of amniotic fluid testosterone were higher for boys than for girls (Table 2). 

Furthermore, the mean amniotic fluid testosterone values that we obtained, for boys and for 

girls, were similar to those reported by other researchers who have measured testosterone in 

amniotic fluid during the second trimester (e.g., Auyeung et al., 2006). Aggression and 

activity level scores also were higher for boys than for girls (Table 2).

Although we saw sex or gender differences in amniotic fluid testosterone and in aggression 

and activity level, there were no significant relations between amniotic fluid testosterone and 

either behavioral construct (Figures 1b and 1c). The correlations between amniotic fluid 

testosterone and both aggression and activity level were negligible for boys: r = −.00, p = .

99, for aggression and r = .03, p = .86, for activity level. For girls, the correlations were 

small to negligible: r = −.05, p = .75, for aggression and r = −.10, p = .51, for activity level.

Discussion

We conducted two studies to test the hypothesis that exposure to testosterone prenatally 

affects children’s aggressive behavior and activity level. The first study compared children 

with CAH to unaffected siblings and cousins. The second study related testosterone 

measured in amniotic fluid to aggression and activity level in typically-developing children. 

There was no gender difference in aggression in unaffected children in the CAH study, and 

ratings for boys with CAH did not differ from those of unaffected boys. However, girls with 

CAH were rated as more aggressive than unaffected girls. As expected, boys in the amniotic 

testosterone study were rated as more aggressive than girls, but testosterone measured in 

amniotic fluid did not relate to aggression in either girls or boys. Regarding activity level, 

we found a significant gender difference, favoring boys, among unaffected controls in the 

CAH study but no differences between children with and without CAH. For the children in 

the amniotic testosterone study, we found a gender difference – again, favoring boys – in 

activity level. There was no evidence, however, of a relation between activity level and 

amniotic fluid testosterone concentrations for boys or for girls. The results of the CAH study 

provide some support for the hypothesis that testosterone exposure prenatally influences 

children’s aggressive behavior, but we found no evidence, in either study, of an influence on 

activity level.

Aggression

As predicted, we found a gender difference in aggression, favoring boys, in the amniotic 

testosterone study. Contrary to prediction, however, we did not find a significant gender 

difference in aggression in the CAH study for unaffected boys and girls. This may have been 

because the unaffected boys in the CAH study scored at the low end of the range of scores 

for boys in general. Their scores resembled scores of unaffected girls more closely than they 

did boys or girls with CAH. They also scored lower than the typically-developing boys in 

the amniotic testosterone study. The unexpectedly low scores of the unaffected boys in the 

CAH study may have contributed to our finding that the difference in aggression scores 
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between girls with and without CAH was larger than the gender difference in aggression in 

this study.

Although the gender difference in aggression scores in the CAH study was not significant, it 

was not outside the range of effect sizes suggested by meta-analyses. A meta-analysis by 

Card, Stucky, Sawalani, and Little (2008) found a moderate-to-large gender difference in 

direct aggression, d = 0.61, with boys showing more aggression than girls. Importantly, they 

also found that the size of this effect was moderated by informant. The gender difference 

was smaller (d = 0.30) when parents reported on children’s aggressive behavior, compared to 

when aggressive behavior was measured via behavioral observation, peer nomination, peer 

ratings or teacher reports (but not self reports). For the eight studies in the Card et al. (2008) 

meta-analysis that assessed direct aggression via parent report, the effect sizes ranged from d 
= 0.12 to d = 0.87. The sizes of the gender difference in aggression that we found in the 

amniotic testosterone study and the CAH study (d = 0.41 and d = 0.13, respectively) are 

within this range.

Our findings support the prediction that girls with CAH would be rated as more aggressive, 

on average, than their similarly-aged, unaffected female relatives – we found a large effect of 

CAH status on aggression in girls, d = 0.69. This finding falls within the range of effect sizes 

(from d = 0.41 to d = 1.02) found by others who have studied aggressive behavior in girls 

with and without CAH using multi-item questionnaires (Berenbaum & Resnick, 1997; 

Mathews et al., 2009; Pasterski et al., 2007) and provides further support for the hypothesis 

that androgen exposure prenatally influences this particular gender-related behavior. In line 

with prior research, which has generally not found increased masculine behavior in boys 

with CAH, aggression scores for boys with and without CAH did not differ.

In the amniotic testosterone study, testosterone concentrations were significantly higher for 

boys than for girls, and boys scored higher than girls on aggression. We found no significant 

within-sex relations between amniotic fluid testosterone and aggression, however, a point 

that is discussed in detail below.

Activity level

The typically-developing boys in both the CAH study and the amniotic testosterone study 

were rated as more active than the typically-developing girls. The size of the gender 

difference, for both studies, was moderate (d = 0.50 for the CAH study and d = 0.50 for the 

amniotic testosterone study) and similar to the average effect size for this gender difference 

(d = 0.49; Eaton & Enns, 1986).

Girls with and without CAH in the current study did not differ significantly in activity level 

and the size of the difference was small. In contrast, using a comparable parent report 

instrument to measure activity level in a sample of children similar in age to the children in 

our study, Pasterski et al. (2007) found a statistically significant difference of moderate size, 

d = 0.55, as well as a gender difference of moderate size, d = 0.59. Data from the current 

study suggest that any effect of prenatal androgen exposure on activity level may be smaller 

than suggested by prior research.
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In the amniotic testosterone study, testosterone concentrations were significantly higher for 

boys than for girls, and boys scored higher than girls on activity level. We found no 

significant within-sex relations between amniotic fluid testosterone and activity level, 

however. These negative results, like those of no relation between amniotic fluid testosterone 

and aggression, may appear surprising, given other evidence that testosterone influences 

human behaviors that show gender differences.

Over the past three decades, several research groups have related measures of amniotic fluid 

testosterone to children’s later gender-typed behaviors. Studies that have used samples of 

fewer than around 60 participants per group generally have not found significant correlations 

between amniotic fluid testosterone and the gender-typed behavior(s) under investigation, 

have found that the direction of one or more correlations was opposite to that predicted or 

have found inconsistencies in the direction or strength of one or more correlations when 

comparing results for boys and girls (see e.g., Bergman et al., 2010; Grimshaw, Bryden, & 

Finegan, 1995; Grimshaw, Sitarenios, & Finegan, 1995; Knickmeyer, Baron-Cohen, 

Raggatt, & Taylor, 2005; Knickmeyer, Wheelwright, et al., 2005; Kung et al., 2016; van de 

Beek, van Goozen, Buitelaar, & Cohen-Kettenis, 2009). One research group has reported 

some significant within-sex relations between amniotic fluid testosterone and later gender-

typed behaviors in samples similar in size to, or smaller than, ours, as well as in larger 

samples (around 100 participants per group). The studies using similarly-sized or smaller 

samples have found the predicted within-sex relations to amniotic fluid testosterone for 

autistic traits, attention to detail and empathy (Auyeung, Ahluwalia, et al., 2012; Auyeung, 

Knickmeyer, et al., 2012; Chapman et al., 2006). The studies of samples of over 100 

participants of each sex have found the predicted within-sex relations for autistic traits and 

empathy, and for gender-typical childhood behavior (Auyeung, Baron-Cohen, Ashwin, 

Knickmeyer, Taylor, & Hackett, 2009; Auyeung, Baron-Cohen, Ashwin, Knickmeyer, 

Taylor, Hackett, et al., 2009; Chapman et al., 2006). Taken together, the evidence suggests 

that associations between amniotic fluid testosterone and human behavior, if they exist, may 

be small and may require larger samples than have typically been used, to provide adequate 

statistical power.

Limitations

As with previous research, the amniotic testosterone study is limited by using amniotic fluid 

testosterone concentrations as a measure of normal variability in prenatal androgen 

exposure. Mothers who undergo amniocentesis may not be representative of the general 

population – for example, the mothers of the children in our study were older and better 

educated than the average mother – and, consequently, our results may not generalize to the 

wider population. Nevertheless, the resemblance of our basic findings, e.g., regarding gender 

differences in the behavioral constructs we measured, to those reported by others provides 

some support for generalizability. The reliability of amniotic fluid testosterone as an index of 

prenatal androgen exposure may be limited, however, because typically only a single 

amniotic fluid sample is collected, usually uncontrolled for time of day or gestational age, 

although in our study time of day was controlled to some extent by taking all amniotic fluid 

samples in the morning. While it has been assumed that testosterone concentrations in 

amniotic fluid are a proxy for testosterone concentrations in fetal blood (Baron-Cohen, 
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Lutchmaya, & Knickmeyer, 2004), the one study that we are aware of that has investigated 

the relation reported no correlation between the two (Rodeck, Gill, Rosenberg, & Collins, 

1985). Therefore, testosterone in amniotic fluid may not be a sufficiently powerful measure 

of prenatal androgen exposure to detect relations to behaviors that show moderately-sized 

gender differences, such as aggression or activity level, in samples similar in size to ours.

There are also limitations related to studying children with CAH. Although CAH influences 

androgen concentrations in girls beginning prenatally, it has additional consequences that 

also could potentially influence behavior. Notably, although postnatal hormone treatment is 

intended to normalize the hormone environment, this is not always successful. Therefore, 

children with CAH may experience higher or lower levels of glucocorticoids and/or 

androgens at one or more periods during postnatal life. These possible postnatal differences 

in hormones are unlikely to explain our results, however, because there is no evidence that 

either glucocorticoids or androgens after early infancy and before puberty influence 

aggression or activity level in humans or in other species. In addition, if consequences of 

CAH other than unusual androgen concentrations prenatally explained the behavioral 

changes seen in girls with CAH, similar effects would be expected in boys with CAH as 

well, because only girls with CAH experience unusually high androgen concentrations 

prenatally, whereas both boys and girls with CAH experience postnatal treatment and 

possible higher or lower levels of glucocorticoids and androgens postnatally.

Finally, we conducted two studies on relatively small groups of children, and consequently 

cannot provide definitive evidence that a relation between testosterone and aggression or 

activity level does or does not exist. Nevertheless, we recruited a larger sample of children in 

our CAH study than has been recruited in most previous studies of aggression or activity 

level in children with CAH, and the sample in our amniotic testosterone study is larger than 

that in the previous amniotic fluid testosterone studies showing the biggest effects 

(Auyeung, Ahluwalia, et al., 2012; Auyeung, Knickmeyer, et al., 2012; Grimshaw, 

Sitarenios, et al., 1995). Importantly, both negative and positive results contribute to our 

understanding of the size, as well as the reliability, of relations between testosterone and 

gender-related behaviors, and our results are of interest not only on their own, but also in the 

context of prior findings (e.g., for meta-analytic studies).

Conclusions

Our primary goal was to examine the relation of prenatal androgen exposure to aggression 

and activity level. Consistent with prior research, we found that girls with CAH showed a 

statistically significant increase in aggression compared to unaffected girls. Although we 

found a small increase in activity level in girls with CAH, this increase was not statistically 

significant, suggesting that the contribution of prenatal androgen to activity level may be 

smaller than suggested by prior research. In addition, we found no significant within-sex 

correlations between amniotic fluid testosterone and either aggression or activity level, 

suggesting that amniotic fluid testosterone may be a relatively insensitive measure of 

prenatal androgen exposure.
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Appendix: Factor analysis of the Interests, Activities and Temperament 

Questionnaire – Part II

As described in the main text, the Interests, Activities and Temperament Questionnaire - Part 

II (IATQ-II) includes 50 items for which a caregiver indicates on a 4-point scale (1 = “not at 

all like my child” to 4 = “a lot like my child”) how similar their child’s behavior is to the 

behavior described in the item. The items included in the measure were designed to tap into 

aggression (AG), activity level (AL) and being bullied by others (BBO). We used principal 

axis factoring (PAF; a form of exploratory factor analysis (EFA)) with oblique rotation, to 

analyze the data because the item scores were not normally distributed and because we had 

an a priori idea about how the items would relate to one another. A combination of scree 

plots and multiple test runs were used to determine the number of meaningful factors in each 

dataset. The cleanest factor structure – i.e., the one for which all item loadings > .30, there 

were no or few items that loaded at .32 or higher onto more than one factor and there were 

no factors with fewer than three items – consisted of two factors: one that represented 

aggression (AG) and one that represented activity level (AL) (see Table A1).

Table A1

Results of the exploratory factor analyses for the IATQ-II.

Item

Pattern matrix loadings

Amniotic testosterone study CAH study

AG AL AG AL

  1. My child is curious and explores things.a .57

  2. When my child moves about, s/he usually moves slowly. .58 .64

  3. My child starts fights with other children. .80 .72

  4. My child hits others when frustrated. .78 .75

  5. My child is off and running as soon as s/he wakes up in the 
morning.

.54 .49

  6. My child rarely throws temper tantrums. .40 .56

  7. In the playground, my child runs, climbs, swings, and is 
constantly on the go.

.60 .77

  8. My child rarely performs strenuous activity for long periods of 
time.b

.57

  9. My child is hardly ever provoked to fight. .68 .67

10. My child rarely gets into arguments. .59 .70

11. My child is noisy.b .37 .41

12. My child is unlikely to take things (e.g. toys) from other children. .45 .51

13. My child has a “quick temper.” .41 .64
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Item

Pattern matrix loadings

Amniotic testosterone study CAH study

AG AL AG AL

14. My child would never pick on children younger than himself/
herself.a

.50

15. My child bullies other children.a .44

16. My child is unlikely to be picked on by other children.ab

17. My child is always on the go. .79 .71

18. My child never gets into fights. .68 .68

19. My child is timid and unadventurous.a .63

20. My child fights. .82 .69

21. My child is physically aggressive. .75 .82

22. My child hits (has been known to hit) others with various objects 
(e.g. toys).

.78 .70

23. My child rarely gets teased by other children at school.ab

24. My child is likely to be disciplined at school for verbal 
misbehaviour (e.g. yelling, arguing). .49 .51

25. My child would be likely to walk away from a fight. .68 .68

26. My child avoids arguments with family members (e.g. siblings, 
cousins).

.39 .48

27. My child hits other children. .65 .76

28. My child is low in energy. .52 .58

29. My child almost never uses foul language (swears).ab

30. When outdoors, in a playground or park, my child plays quietly 
with toys.b

.55

31. My child would never throw an object at another child. .54 .67

32. My child avoids rough-and-tumble play.b .58 .37

33. My child is sometimes mean to animals.ab

34. My child splashes hard in the bath and plays actively.b .41 .36

35. My child hits me (and/or my partner/spouse). .61 .53

36. My child rarely fights with other children. .53 .72

37. My child is likely to be disciplined at school for physical 
misbehaviour (e.g. fighting).a

.57

38. My child would never bite (has not bitten) other children.ab .50

39. When my child moves about in the house, s/he runs rather than 
walks.

.48 .72

40. My child is likely to be the victim of bullying.ab

41. My child yells at me (and/or my partner/spouse). .45 .60

42. My child likes aggressive video games.b .43

43. My child starts arguments with other children. .69 .68

44. My child dislikes violent television programs.ab

45. My child gets teased by family members (e.g. siblings, 
cousins).ab

46. My child gets aggressive when s/he is angry (e.g. gets told “no”). .67 .68
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Item

Pattern matrix loadings

Amniotic testosterone study CAH study

AG AL AG AL

47. My child would only fight if provoked (i.e., does not start 
fights).b

.38

48. My child avoids physical confrontation. .64 .74

49. My child is known to others to be aggressive. .73 .71

50. My child rarely yells at other children.a .60

Cronbach’s α .93 .82 .95 .84

Note. N = 95 for the amniotic testosterone study; N = 169 for the CAH study. To improve readability, factor loadings < .32 
are not displayed.
a
Item excluded from the amniotic testosterone study analyses due to low loading, cross loading or to maximize Cronbach’s 
α.
b
Item excluded from the CAH study analyses due to low loading, cross loading or to maximize Cronbach’s α.

Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy for the amniotic testosterone study = .81 and for the CAH 
study = .90. Bartlett’s test of sphericity for the amniotic testosterone study: χ2 (630) = 1744.27, p < .001; and for the CAH 

study: χ2 (741) = 3558.06, p < .001, indicating that, for both samples, correlations between items were sufficiently large 
for EFA.
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Highlights

• Prenatal androgen exposure linked to aggression but not activity in girls with 

CAH.

• Sex differences in aggression and activity found in healthy children.

• Amniotic fluid testosterone unrelated to aggression or activity in healthy 

sample.

• Amniotic fluid testosterone may not be an adequate measure for these 

outcomes.

Spencer et al. Page 18

Horm Behav. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Spencer et al. Page 19

Horm Behav. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Spencer et al. Page 20

Horm Behav. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
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Table 2

Means (M), standard deviations (SD), p values from t tests and effect sizes (Cohen’s d) for assessing sex or 

gender differences in age, vocabulary, amniotic fluid testosterone concentrations, aggression and activity level 

for the children in the amniotic testosterone study.

Boys
n = 44

Girls
n = 48

M (SD) M (SD) p d

Child’s age (years) 4.31 (0.37) 4.23 (0.29) .28 0.23

Vocabulary* 10.46 (2.70) 11.34 (2.27) .10 −0.35

Amniotic fluid testosterone (nmol/L) 0.83 (0.41) 0.23 (0.15) < .001 1.95

Amniotic fluid testosterone (log transformed) 0.25 (0.09) 0.09 (0.05) < .001 2.22

Aggression 1.98 (0.66) 1.74 (0.46) .05 0.41

Activity level 3.46 (0.47) 3.21 (0.53) .02 0.50

*
Note. Data missing for three boys and one girl. d = the mean difference divided by the weighted standard deviation (Cohen, 1988). Positive d 

values indicate higher values in boys.
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