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Prenatal androgens and autistic, attention deficit hyperactivity
disorder, and disruptive behavior disorders traits
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ABSTRACT

Objective: Androgen exposure is hypothesized to play a role in the development of autism spectrum disorder
(ASD), attention deficit hyperactivity disorder (ADHD), and disruptive behavior disorders/DBDs (oppositional defiant
disorder/ODD and conduct disorder/CD). The aim of this cross-sectional study was to investigate ASD, ADHD, and
DBD (ODD and CD) traits in children and adolescents with congenital adrenal hyperplasia (CAH), a natural cause
of prenatal androgen excess in females. Methods: Forty-five children and adolescents (27 girls, mean age 171.7+3;
18 boys, mean age 10.8+3.6) with CAH and their unaffected siblings (16 girls, mean age 17.4+3.9; 14 boys, mean
age 12.6+4.2) were included in the study. Parents completed the Social Communication Questionnaire, to measure
ASD symptoms; and the Turgay DSM-IV-Based Child and Adolescent Disruptive Behavioral Disorders Screening
and Rating Scale to assess ADHD and DBD traits. Results: In this study, boys but not girls with CAH showed
higher autistic traits. There was no significant difference between either girls or boys with CAH and their unaffected
counterparts with respect to inattention or hyperactivity symptoms. Boys with CAH showed more ODD symptoms
than the unaffected boys. There was a trend for boys to have more CD symptoms compared to unaffected boys.
Conclusions: Our study does not support the hypothesis that prenatal androgen exposure is associated with ASD,
ADHD or DBDs. Postnatal/circulating androgen levels, higher testosterone/cortisol ratio, lower basal cortisol or
dysregulation in HPA axis might be related to higher autistic traits or increased DBDs symptoms found in boys with
CAH. Further investigations with larger groups are needed to clarify these associations. (Anatolian Journal of
Psychiatry 2020; 21(4):435-442)
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Prenatal androjenler ve otizm spektrum bozuklugu, dikkat eksikligi
hiperaktivite bozuklugu, yikici davranis bozukluklari belirtileri
0z
Amag: Yapilan aragtirmalar sonucunda, prenatal androjen maruziyetinin otizm spektrum bozuklugu (OSB), dikkat

eksikligi hiperaktivite bozuklugu (DEHB), yikici davranis bozukluklari/YDB (karsit olma karsi gelme bozuklugu/
KOKG ve davranim bozuklugu/DB) ve bunlarin subklinik belirtilerinin gelismesinde rolii oldugu diisiiniilmektedir. Bu
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arastirmanin amaci kiz gocuklarda prenatal dénemde agiri androjen maruziyetine yol agan konjenital adrenal hiper-
plazi (KAH) tanisi almis ¢ocuk ve ergenlerde otizm spektrum bozuklugu 6zellikleri, DEHB ve YDB (KOKG ve DB)
belirtilerinin sikliginin aragtirimasidir. Yéntem: KAH tanisi konmug 45 gocuk ve ergen olgu (27 kiz, ortalama yas:
11.1+3; 18 erkek, ortalama yas: 10.8+3.6) ve bu olgularin etkilenmemis akrabalari (16 kiz, ortalama yas: 11.4+3.9;
14 erkek, otalama yas: 12.6x4.2) calismaya alinmigtir. Sosyal lletisim Olgedi ve Turgay Yikici Davranim Bozukluk-
lar1 igin DSM-1V’e Dayali Tarama ve Degerlendirme Olgedi (T-DSM-IV-S), sirasiyla otizm spektrum bozuklugu 6zel-
likleri, DEHB ve YDB (KOKG ve DB) belittilerinin sikligini degerlendirmek lizere ebeveynler tarafindan doldurulmus-
tur. Bulgular: Bu aragtirmanin sonucunda KAH tanisi konan erkek olgularda OSB &zelliklerinin gériilme sikliginin
etkilenmemis erkek akrabalarla karsilastirildiginda artmis oldugu gésterilmigtir. KAH tanisi konan ve etkilenmemis
kiz olgular arasinda OSB ézellikleri siklhigi agisindan bir fark bulunmamigtir. KAH tanisi konmus kiz ve erkek
olgularla bu olgularin etkilenmemis kiz ve erkek akrabalari arasinda dikkat eksikligi ve hiperaktivite belirtilerinin
sikligi agisindan bir fark bulunmamigstir. KAH tanisi konan erkek olgularda KOKG belirtileri siklidi etkilenmemis
erkek akrabalara gére artmistir. KAH tanisi konan erkek olgularda DB belirtileri sikliginin etkilenmemis erkek
akrabalara gére artis egilimi gésterdigi belirlenmistir. Sonug: Arastirmamiz prenatal androjen maruziyetinin OSB,
DEHB ve YDB ile iligkili oldugu hipotezini desteklememektedir. KAH tanisi konan erkek ¢ocuklarda artmis YDB
belirtileri sikligi postnatal androjen diizeyleri, yliksek testosterone/kortizol orani, diiglik bazal kortizol diizeyi veya
hipotalomopitiiiter aks disregiilasyonu ile iligkili olabilir. Daha genis bir 6rneklemle yapilacak olan arastirmalarin
sbzli gegen bagdlantilari dederlendirmek (lizere yararli olacagi digiiniiimektedir. (Anadolu Psikiyatri Derg 2020;
21(4):435-442)

Anahtar sézciikler: otizm spektrum bozuklugu, dikkat eksikligi hiperaktivite bozuklugu, yikici davranis bozukluk-

lari, konjenital adrenal hiperplazi

INTRODUCTION

Autism spectrum disorder (ASD) and attention
deficit hyperactivity disorder (ADHD) are both
neurodevelopmental conditions. ASD is charac-
terized by deficits in social communication and
interactions, stereotypic behaviors, and re-
stricted interests. Attention-deficit/hyperactivity
disorder (ADHD) is defined by developmentally
inappropriate levels of inattention, hyperactivity,
and/or impulsivity, with onset before the age of
12 years.! ASD and ADHD frequently co-occur,
and a substantial body of research has shown
that many similarities are present in genetic
factors, brain characteristics, and cognitive pro-
files of these disorders.??

ASD and ADHD both are more prevalent in
males than females. Males are approximately
four times more likely than females to receive a
diagnosis of ASD* and males are more likely
than females to receive a diagnosis of ADHD,
with ratios varying from 2:1 to 9:1.5

Oppositional defiant disorder/ODD and conduct
disorder/CD are childhood and adolescent onset
disruptive behavior disorders/DBDs, character-
ized by symptoms including angry/irritable
mood, argumentative/defiant behavior and vin-
dictiveness in ODD and violating the basic rights
of others or major age-appropriate societal
norms or rules, aggression to people or animals,
destruction of property, deceitfulness or theft in
CD.! ODD and CD frequently co-occur with
ADHD® and similar to that in ASD and ADHD,
ODD and CD are also more prevalent in males
with ratios found 1.59:1 for ODD? and varying
Anatolian Journal of Psychiatry 2020; 435-442

between 2.4:1 and 3:1 for CD.8°

Prenatal androgen exposure has been proposed
to account for the male predominance in ASD.10
In accordance with this, elevated prenatal
testosterone levels have shown to be associated
with autistic traits in children between 18-24
months!! and 6-10 years;!? but recent research
has reported contradictory findings.13-16

To date, more research has been conducted
regarding hormone exposures in the prenatal
environment for ASD compared to ADHD.?
However, there are studies showing a link
between ADHD or DBDs and lower second and
fourth digits (2D:4D) ratio.1820 Being lower in
males than in females, the 2D:4D ratio is a sexu-
ally dimorphic trait;182° and evidence suggests
that sex differences in 2D:4D is associated with
prenatal testosterone exposure.'81® Further-
more, in their recent study utilizing maternal
polycystic ovary syndrome (PCOS) as a model
for prenatal androgen exposure in the offspring,
Kosidou et al.l” reported an increased risk of
ADHD in children of women with PCOS.

Congenital adrenal hyperplasia (CAH) is an
autosomal recessive disorder that impairs adre-
nal synthesis of cortisol. The most common form
of CAH is caused by mutations in the CYP21A2
gene encoding 21-hydroxylase, which interferes
with cortisol production and increases androgen
production beginning prenatally.?! Classic forms
of CAH result in exposure to excess androgen
levels in utero; therefore, CAH has been sug-
gested as a model to elucidate the organizational
effects of prenatal androgen exposure since
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direct manipulation of the prenatal hormones to
investigate its effects on human behavior is
unethical.??2 Although they are diagnosed and
treated early due to genital virilization at birth,23
studies in females with CAH have shown mascu-
linization in various aspects of behavior such as
childhood play preferences, physical aggres-
sion, empathy, sexual orientation and gender
identity.??> Conversely, males with CAH generally
do not differ from the normal population re-
garding sex-linked behavior;?? and the evidence
does not support that they are exposed to
heightened levels of androgens prenatally.2425

Research on ASD, ADHD and DBD symptoma-
tology in children and adolescents with CAH is
sparse and had produced inconsistent find-
ings.1426-28 The aim of this cross-sectional study
is to investigate the prevalence of ASD, ADHD,
and DBD traits in children and adolescents with
CAH. We hypothesized that traits of these male-
skewed disorders would be increased in girls
with CAH compared to unaffected girls and we
also hypothesized that boys with or without CAH
would not differ either in ASD, ADHD or DBD
traits.

METHODS

Participants

This cross-sectional study was conducted in the
Pediatric Endocrinology Clinic of the Kanuni
Sultan Suleyman Training and Research Hospi-
tal in Istanbul, Turkey, between September 2013
and August 2014. The study group (SG) included
children and adolescents with CAH aged 6-18
years (27 girls, 60%; 18 boys 40%). The control
group (CG) consisted of unaffected siblings of
CAH participants (16 girls, 53.33%; 14 boys,
46.67%). Subjects with intellectual disability,
hearing or visual impairments, and neurological
disease (e.g. epilepsy, cerebral palsy) were
excluded from the study. All the eligible patients
and their parents accepted participation.

Procedure

Participants were invited to participate in the
study during their visit to the endocrinology clinic.
The purpose and procedure of the study were
explained to them by an attending pediatric
endocrinologist. Upon their agreement, parents
were asked to complete the questionnaires both
for the subjects and their siblings to measure
ASD (Social Communication Questionnaire),
ADHD and DBD symptoms (Turgay DSM-IV-
Based Disruptive Behavior Disorders Checklist).

Materials

Demographic and Clinical Data Form: A self-
reported form was used to collect information
about the demographic characteristics including
age, gender, and education of the participants
and age and education of the parents. The
clinical data of the subjects with CAH (e.g., medi-
cal history, presence of genital surgery) were
collected from the medical records.

Social Communication Questionnaire (SCQ):
The SCQ is a parent-report questionnaire used
to screen ASD symptoms. The SCQ consists of
40-item, of those each assesses the presence or
absence of developmentally inappropriate be-
haviors.?® It measures three areas of functioning:
reciprocal social interaction, language and
communication, and repetitive and stereotyped
patterns of behavior. SCQ is adapted into
Turkish by Avcil et al.*® and reported as a valid
and reliable instrument. The Turkish Version of
SCQ was reported to have good internal consis-
tency (a=0.80). In this study, the Cronbach’s
alpha values for the SCQ Social Relating,
Communication, and Range of Interests dimen-
sions were 0.83, 0.78, and 0.77 respectively.

Turgay DSM-IV-Based Child and Adolescent
Disruptive Behavioral Disorders Screening
and Rating Scale (T-DSM-IV-S): The T-DSM-
IV-S is based on the DSM-IV diagnostic criteria
and nine items assess inattention (lA), nine
items assess hyperactivity (HA), eight items
assess oppositional defiant disorder (ODD), and
15 items assess conduct disorder (CD). The T-
DSM-IV-S was developed by Turgay3! and
adapted into Turkish by Ercan et al.32 In this
study, the Cronbach’s alpha values for T-DSM-
IV-S IA, HA, ODD and CD subscales were 0.91,
0.84, 0.90, and 0.75 respectively.

Ethics

The study was approved by the Medical Ethics
Committee of the Bakirkdy Training and Re-
search Hospital for Psychiatric and Neurological
Disorders. Parents of all children had signed
informed consent forms prior to participation in
the study. In addition, children older than 12
years signed the consent forms themselves.

Analysis

Statistical analyses were done using SPSS for
Windows, version 17.0 (SPSS Inc., Chicago,
lllinois, USA). Continuous variables were re-
ported as meantstandard deviation. Categorical
variables were described using frequency distri-
bution and reported as numbers and percent-
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ages. Kolmogorov-Smirnov test was performed
to test distribution of the data, and according to
the results, an Independent t-test or Mann-Whit-
ney U test used to compare continuous variables
between the two groups. The chi-square test
was performed for the comparison of categorical
variables. A p-value of less than 0.05 (two tailed)
considered as statistically significant.

RESULTS

Forty-five children and adolescents (27 girls, 18

Table 1. Demographic characteristics of the groups

boys) aged 6-18 years with CAH were recruited
from the Pediatric Endocrinology Clinic of the
Kanuni Sultan Suleyman Training and Research
Hospital in Istanbul, Turkey. 25 participants with
CAH had the salt-losing type of the disease, 15
had simple virilizing type, and 5 had non-clas-
sical (late onset) CAH. The control group was
consisted of 30 (16 girls, 14 boys) unaffected
siblings (aged 6-18 years) of CAH participants.
The demographic characteristics of the groups
were summarized in Table 1.

SG (n=45) CG (n=30) ¥t p
Agel 11.0£3.3 12.0+4.0 -1.18 0.243
Gender (girl/boy)? 27/18 16/14 0.33 0.567
Education® 5.5+2.9 6.6+3.9 -1.36 0.179

. Independent-t-test; % Chi-square test; SG: Study Group; CG: Control Group

Table 2. Demographic and behavioral characteristics of the girls

SG (n=27) CG (n=16) t/z p
Age? 11.1£3.1 11.4£3.9 -0.303 0.764
Education* 5.6+2.9 6.0+3.7 -0.433 0.668
T-DSM-IV-S inattention? 4.614.8 3.2+54 -1.222 0.222
T-DSM-IV-S hyperactivity? 3.4+3.7 2.61£3.2 -0.560 0.575
T-DSM-IV-S ODD? 3.212.8 3.7+4.2 -0.278 0.781
T-DSM-IV-S CD? 0.6+0.9 0.8+1.7 -0.128 0.899
SCQ-social relating* 11.6£1.9 11.61£1.9 -0.067 0.947
SCQ-communication® 7.1+2.0 6.4+2.6 0.984 0.331
SCQ-range of interests? 0.5+0.9 0.4+1.2 0.227 0.821
SCQ-total* 19.2+3.8 18.5+4.7 0.556 0.581

. Independent-t-test; % Mann-Whitney-U test; SG: Study Group; CG: Control Group; T-DSM-IV-S:
Turgay DSM-IV-Based Child and Adolescent Behavioral Disorders Screening and Rating Scale; SCQ:
Social Communication Questionnaire ; ODD:oppositional-defiant disorder ; CD:conduct disorder

Table 2 and Table 3 shows demographic and
behavioral characteristics of the girls with CAH
and their unaffected counterparts and of the
boys with CAH and unaffected boys respective-
ly. Between-group comparisons were also
shown.

DISCUSSION

This study investigated the prevalence of ASD,
ADHD and DBD traits in children and adoles-
cents with CAH. In this study, boys with CAH but
not girls showed higher autistic traits than their

Anatolian Journal of Psychiatry 2020; 435-442

unaffected counterparts. There are two prior
studies in the literature investigating the preva-
lence of autistic traits in individuals with CAH.
Knickmeyer et al.?® reported increased rates of
autistic traits in females with CAH compared to
their unaffected female relatives. The study in-
cluded 60 individuals with CAH (34 females, 26
males) aged 12 to 45 years. In their study, Knick-
meyer et al.?6 used a self-report questionnaire,
The Autism Spectrum Quotient, that may not
have been adequately sensitive for younger
participants. In a more recent study, Kung et al.4
reported no significant difference with respect to
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Table 3. Demographic and behavioral characteristics of the boys

SG (n=18) CG (n=14) t/z p
Age? 10.8+3.6 12.6+4.2 -1.300 0.203
Education® 5.343.0 7.3+4.1 -1.597 0.121
T-DSM-IV-S inattention? 4.915.1 3.0£2.6 -0.901 0.367
T-DSM-IV-S hyperactivity? 6.1+5.5 3.0£2.2 -1.541 0.123
T-DSM-IV-S ODD? 5.6+4.9 2.4+3.7 -2.659 0.008
T-DSM-IV-S CD? 2.2+3.5 0.4+0.6 -1.685 0.092
SCQ-social relating* 12.3+1.7 10.6+2.8 2.088 0.045
SCQ-communication? 7.7£2.0 5.8+2.7 2.298 0.029
SCQ-range of interests? 0.7£1.3 0.8+1.5 -0.221 0.827
SCQ-total® 20.7+3.2 17.245.9 2.135 0.041

1. Independent-t-test; % Mann-Whitney-U test; SG: Study Group; CG: Control Group; T-DSM-IV-S:
Turgay DSM-I1V-Based Child and Adolescent Behavioral Disorders Screening and Rating Scale; SCQ:
Social Communication Questionnaire; ODD:oppositional-defiant disorder ; CD:conduct disorder

autistic traits between children (aged 4-11 years)
with and without CAH either in girls or boys
although there was a trend for both girls and
boys with CAH to have more autistic traits. Kung
et al.’s* study included 81 children with CAH (43
girls, 38 boys) and 72 unaffected relatives (41
girls, 31 boys). A parent-report questionnaire,
the Childhood Autism Spectrum Test (CAST),
was employed to assess autistic traits. Although
prenatal testosterone is proposed to be asso-
ciated with increased autistic traits in typically
developing children’-12 recent research in larger
groups present contradictory results.’316 Qur
study confirms Kung et al.’s* findings sug-
gesting no significant association between pre-
natal androgen exposure and higher autistic
traits in girls with CAH. As stated by Kung et al.14
methodological differences and older age of the
participants in the first study group might have
produced different results.

However, in the current study, we found signifi-
cantly higher rates of autistic traits in boys with
CAH. Neither the trend for boys with CAH found
in Kung et al.’s'* study nor our findings are likely
to be explained by elevated prenatal androgen
levels since there is no evidence that male
fetuses with CAH are exposed to heightened
levels of androgens.?4#25> As above mentioned,
boys with CAH tend to receive a diagnosis later
than affected girls. Thus, delayed treatment in
boys may cause a longer exposure to excess
adrenal androgens postnatally.?® Early postnatal
testosterone levels3 and serum or saliva andro-
gen levels of older children or adults have been
associated with autistic traits or ASD343¢ al-
though there are two studies with opposite re-
sults.3738 |t is noteworthy that these researches

with opposite results are limited to the testos-
terone surge observed in early postnatal life.37:38
Therefore, in the current study, not elevated
prenatal androgen levels but postnatal androgen
excess may be associated with increased autis-
tic traits observed in boys with CAH.

Hormonal abnormalities in CAH also include
cortisol and mineralocorticoid deficiency, dysre-
gulation of the hypothalamic-pituitary-adrenal
(HPA) axis and increases in CRH. Oral gluco-
corticoids used in the treatment of CAH cannot
completely mimic the normal circadian rhythm of
cortisol.2! Studies evaluating the diurnal rhythm
and responsiveness of cortisol in individuals with
ASD has generally found disregularity in the diur-
nal or circadian rhythm of cortisol and an overall
sluggishness of the HPA axis in responding to
physiological or physical manipulation.3® In addi-
tion, Baron-Cohen et al.,3 utilizing the amniotic
fluid samples of all males born between 1993
and 1999 in Denmark, reported that not testos-
terone alone but a generalized latent steroido-
genic factor presenting a shared variance of
hormones in A4 sex steroid pathway (proges-
terone, 17.-hydroxy-progesterone, androstene-
dione, and testosterone) and cortisol was asso-
ciated with higher autistic traits. Taking into ac-
count the aforementioned hormonal abnorma-
lities characteristic of classical CAH; dysregula-
tion in HPA axis or impairment in the normal
circadian rhythm of cortisol acting together with
increased levels of androgens in peripheral
blood samples may be responsible for the in-
creased rates of autistic traits found in boys with
CAH in the current study.

In this study, we found no significant difference

Anadolu Psikiyatri Derg 2020; 435-442
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between either in boys or girls with and without
CAH with respect to inattention or hyperactivity
symptoms. ODD symptoms were significantly
higher in boys with CAH, and there was also a
trend for CD symptoms in boys with CAH, al-
though not statistically significant. Prior studies
of aggressive behavior and activity level in chil-
dren with CAH have produced inconsistent re-
sults. Although most of these studies conducted
in females, findings of studies that included boys
are also contradictory.*® Previously, two studies
particularly focused on ADHD and DBD symp-
tomatology in individuals with CAH. In line with
our results, Oner et al.?28 found no significant
difference in females with CAH versus age and
gender-matched Diabetes Mellitus Type 1 (DM1)
and healthy controls with respect to HA and CD
symptoms although females with CAH had
higher aggressiveness scores. Oner et al.’s28
study did not include male participants. Mueller
et al.?” reported higher rates of ADHD and DBD
in boys but not girls with CAH. Our study re-
vealed only a trend for ODD/CD symptoms in
boys with CAH. Similar to our findings regarding
the increased level of autistic traits in boys with
CAH, this trend could unlikely be ascribed to
prenatal testosterone exposure. Externalizing
behaviors namely ADHD, ODD and CD symp-
toms have been shown to be related to in-
creased levels of testosterone or adrenal andro-
gens obtained from saliva, hair or peripheric
blood samples although there is a great degree
of inconsistency across studies.*1-46 Lower basal
cortisol levels are suggested as a moderator for
the relationship between aggression and higher
testosterone levels.*> Furthermore, there is a
growing body of evidence suggesting a link be-
tween lower basal cortisol levels or blunted cor-

tisol response to challenging situations/attenu-
ated HPA axis activity and ODD/CD.4#° In
addition, previous literature suggests that ODD
comorbidity may be responsible for the asso-
ciation found between lower cortisol levels and
ADHD. It is noteworthy that the same relation-
ship for CD is not as strong as those for ODD.*°
However, higher comorbidity rates including
anxiety disorders or different underlying neuro-
biological mechanisms in CD were proposed to
account for the negative results with respect to
the link between lower basal cortisol levels and
CD.4"4 Therefore, the increased rates of
ODD/CD symptomatology found in the current
study might be related to blunted cortisol
response/attenuated HPA axis activity, lower
plasma cortisol levels or higher plasma testos-
terone/cortisol ratio.

There are some limitations to the current study
that should be considered. One of these limita-
tions is the small sample size. In addition, the
current study included only 18 boys with CAH.
Therefore, although statistically significant, the
results reported in this group are highly im-
precise and this imprecision increases the
probability of incidental findings. However, it is
difficult to reach a large group of participants for
the generalization of findings due to the rare
occurrence of CAH.2* Furthermore, our results
should be interpreted carefully since we haven’t
conducted diagnostic interviews. Thereby, the
continuity between autistic traits and ODD/CD
symptoms and ASD and ODD/CD diagnosis per
se remains unclear. Finally, researchers argue
that atypical cognitive features in individuals with
CAH might be related to disease characteristics
rather than prenatal androgen exposure.10
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